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 The increasing demand for greater utilization of food industry by-products has been 

driven by a growing interest in environmental sustainability. Cocoa powder is one of the most 

popular ingredients in the bakery industry, and the demand for cocoa is constantly growing, 

leading to higher prices. Therefore, it is important to find an adequate substitute for cocoa with 

a reduced impact on the environment. The utilization of edible and biodegradable films is able 

to reduce the amount of disposable packaging needed, which can further lead to a reduction in 

environmental pollution and CO2 emission. The first aim of this dissertation was to investigate 

the optimization of the whole grain cookie formulation by partial substitution of cocoa powder 

with powdered grape- and aronia pomace. The second aim of this dissertation was to explore 

the physico-chemical, morphological, and thermal characteristics of edible films based on chi-

tosan and gum arabic, enriched with grape seed extract. Additionally, the aim was to determine 

how their application impacts both the extension of the shelf-life of cookies and improvement 

of their overall quality. The present dissertation also aimed to investigate the effects of replac-

ing cocoa powder with fruit by-products and the application of edible films on the nutritional 

composition, antioxidant activity, and starch digestibility of cookies. Further the aim was to 

investigate the effects of cookie consumption on oxidized low-density lipoprotein (oxLDL) 

receptors in healthy women and to examine the market potential and consumer attitude towards 

whole grain and environmentally friendly cookies in three Mediterranean countries (Croatia, 

France, and North Macedonia). This included evaluating the consumers level of sustainability 

knowledge and nutritional awareness, their willingness to purchase environmentally friendly 

cookies containing food by-products, and evaluating the differences in answers between coun-

tries and generations. The findings suggest that utilizing powdered grape- and aronia pomace 

as sustainable alternatives could replace up to 24 % of cocoa powder in whole grain cookies. 

The most significant impact was found regarding the physical properties of the product, where 

cocoa replacement was leading to larger spread ratios, reduced hardness (-23 %) and toughness 

(-19 %), while maintaining sensory acceptability comparable to cookies only containing cocoa. 

Furthermore, edible films based on chitosan and gum arabic with grape seed extract have 

shown desirable mechanical properties that could improve the quality and that were able to 



extend the shelf-life for at least 30 days compared to the control cookies. The results show that 

cookies with grape- and aronia pomace and edible film enriched with grape seed extract had 

an increased flavonoid content (22 %) and antioxidant potential (27�±73 %) compared to the 

control cookies. Moreover, the content of slowly digestible starch predominated over rapidly 

digestible starch. In a randomized controlled study on healthy women, a moderate consump-

tion of cookies with grape- and aronia pomace and edible film enriched with grape seed extract 

was found not to increase the concentration of oxLDL receptors in healthy women, but a po-

tential connection between the concentration of oxLDL receptors and the waist circumference 

was observed. A cross-sectional study conducted in three Mediterranean countries (Croatia, 

France and North Macedonia) showed that whole grain cookies are on first or second place 

when looking into preferability. Also, 96 % of participants expressed their interest in purchas-

ing environmentally friendly cookies. Yet, the participants knowledge about by-products and 

their health benefits was limited. Nevertheless, market potential for whole grain cookies with 

by-products exists, but factors such as brand, price and consumer education play a key role in 

the purchasing decision. 

 
�.�H�\�� �Z�R�U�G�V�����I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���� �H�G�L�E�O�H�� �I�L�O�P�V���� �F�K�L�W�R�V�D�Q���� �J�X�P�� �D�U�D�E�L�F���� �F�R�D�W�H�G�� �F�R�R�N�L�H�V���� �R�[�L�G�L�]�H�G��

�/�'�/���U�H�F�H�S�W�R�U�����V�W�D�U�F�K���G�L�J�H�V�W�L�E�L�O�L�W�\�����Q�X�W�U�L�W�L�R�Q�D�O���D�Z�D�U�H�Q�H�V�V�����V�X�V�W�D�L�Q�D�E�L�O�L�W�\���N�Q�R�Z�O�H�G�J�H 

 

 

 

 

 

 

 



�3�U�R�ã�L�U�H�Q�L���V�D�å�H�W�D�N 

�3�R�U�D�V�W���]�D�Q�L�P�D�Q�M�D�� �]�D�� �H�N�R�O�R�ã�N�X�� �R�G�U�å�L�Y�R�V�W�� �S�R�Y�H�ü�D�R�� �M�H�� �S�R�W�U�D�å�Q�M�X�� �]�D�� �N�R�U�L�ã�W�H�Q�M�H�P��

�Q�X�V�S�U�R�L�]�Y�R�G�D�� �X�� �S�U�H�K�U�D�P�E�H�Q�R�M�� �L�Q�G�X�V�W�U�L�M�L���� �.�D�N�D�R�� �M�H�� �M�H�G�D�Q�� �R�G�� �Q�D�M�S�R�S�X�O�D�U�Q�L�M�L�K���S�R�P�R�ü�Q�L�K��

�V�D�V�W�R�M�D�N�D���X���S�H�N�D�U�V�N�R�M���L�Q�G�X�V�W�U�L�M�L���]�E�R�J���þ�H�J�D���S�R�W�U�D�å�Q�M�D���]�D���N�D�N�D�R�P���Q�H�S�U�H�V�W�D�Q�R���U�D�V�W�H���W�H���S�R�V�O�M�H�G�L�þ�Q�R��

�P�R�å�H�P�R���R�þ�H�N�L�Y�D�W�L���S�R�U�D�V�W���F�L�M�H�Q�H���N�D�N�D�D�����,�]���W�R�J���M�H���U�D�]�O�R�J�D���Y�D�å�Q�R���S�U�R�Q�D�ü�L���D�G�H�N�Y�D�W�Q�X���]�D�P�M�H�Q�X���]�D��

�N�D�N�D�R���V�D���V�P�D�Q�M�H�Q�L�P���X�W�M�H�F�D�M�H�P���Q�D���R�N�R�O�L�ã�����.�R�U�L�ã�W�H�Q�M�H�P���M�H�V�W�L�Y�L�K���L���E�L�R�U�D�]�J�U�D�G�L�Y�L�K���I�L�O�P�R�Y�D���P�R�å�H��

�V�H���V�P�D�Q�M�L�W�L���N�R�O�L�þ�L�Q�D���R�W�S�D�G�D�����W�H���S�R�V�O�M�H�G�L�þ�Q�R���V�P�D�Q�M�L�W�L���R�Q�H�þ�L�ã�ü�H�Q�M�H���R�N�R�O�L�ã�D���L���H�P�L�V�L�M�H���&�2�������&�L�O�M���R�Y�H��

�G�L�V�H�U�W�D�F�L�M�H�� �M�H�� �L�V�W�U�D�å�L�W�L�� �P�R�J�X�ü�Q�R�V�W�� �]�D�P�M�H�Q�H�� �N�D�N�D�R�� �S�U�D�K�D�� �Q�X�V�S�U�R�L�]�Y�R�G�L�P�D�� �S�U�R�L�]�Y�R�G�Q�M�H�� �V�R�N�D��

�J�U�R�å�ÿ�D���L���D�U�R�Q�L�M�H���X���U�H�F�H�S�W�X�U�L���L�Q�W�H�J�U�D�O�Q�R�J���þ�D�M�Q�R�J�D���S�H�F�L�Y�D�����' �U�X�J�L���F�L�O�M���R�Y�H���G�L�V�H�U�W�D�F�L�M�H���E�L�R���M�H���L�V�S�L�W�D�W�L��

�I�L�]�L�N�D�O�Q�R���N�H�P�L�M�V�N�D���� �P�R�U�I�R�O�R�ã�N�D�� �L�� �W�H�U�P�D�O�Q�D�� �V�Y�R�M�V�W�Y�D�� �M�H�V�W�L�Y�R�J�� �I�L�O�P�D�� �Q�D�� �E�D�]�L�� �N�L�W�R�]�D�Q�D�� �L�� �J�X�P�H��

�D�U�D�E�L�N�H���R�E�R�J�D�ü�H�Q�R�J���H�N�V�W�U�D�N�W�R�P���V�M�H�P�H�Q�N�L���J�U�R�å�ÿ�D���W�H���L�V�S�L�W�D�W�L���Q�M�L�K�R�Y���X�W�M�H�F�D�M���Q�D���Q�X�W�U�L�W�L�Y�Q�L���V�D�V�W�D�Y����

�D�Q�W�L�R�N�V�L�G�D�F�L�M�V�N�X�� �D�N�W�L�Y�Q�R�V�W���� �S�U�R�E�D�Y�O�M�L�Y�R�V�W�� �ã�N�U�R�E�D�� �W�H�� �S�U�R�G�X�O�M�H�Q�M�H�� �W�U�D�M�Q�R�V�W�L�� �J�R�W�R�Y�R�J�� �S�U�R�L�]�Y�R�G�D����

�7�D�N�R�ÿ�H�U�����F�L�O�M���R�Y�H���G�L�V�H�U�W�D�F�L�M�H���M�H���L�V�W�U�D�å�L�W�L���X�W�M�H�F�D�M���N�R�Q�]�X�P�D�F�L�M�H���þ�D�M�Q�R�J���S�H�F�L�Y�D���V���Q�X�V�S�U�R�L�]�Y�R�G�L�P�D��

�S�U�R�L�]�Y�R�G�Q�M�H���Y�R�ü�D�������W�U�R�S���J�U�R�å�ÿ�D���L���D�U�R�Q�L�M�H�������L���M�H�V�W�L�Y�L�P���I�L�O�P�R�P���Q�D���E�D�]�L���N�L�W�R�]�D�Q�D���L���J�X�P�H���D�U�D�E�L�N�H��

�R�E�R�J�D�ü�H�Q�R�J���H�N�V�W�U�D�N�W�R�P���V�M�H�P�H�Q�N�L���J�U�R�å�ÿ�D���Q�D���U�H�F�H�S�W�R�U���]�D���R�N�V�L�G�L�U�D�Q�L���O�L�S�R�S�U�R�W�H�L�Q���Q�L�V�N�H���J�X�V�W�R�ü�H��

���R�[�/�'�/�����X�� �]�G�U�D�Y�L�K�� �å�H�Q�V�N�L�K�� �R�V�R�E�D���W�H�� �L�V�S�L�W�D�W�L�� �W�U�å�L�ã�Q�L�� �S�R�W�H�Q�F�L�M�D�O�� �L�� �V�W�D�Y�R�Y�H�� �S�R�W�U�R�ã�D�þ�D�� �S�U�H�P�D��

�I�X�Q�N�F�L�R�Q�D�O�Q�R�P���L���R�G�U�å�L�Y�R�P���þ�D�M�Q�R�P���S�H�F�L�Y�X���X���W�U�L���P�H�G�L�W�H�U�D�Q�V�N�H���]�H�P�O�M�H�����+�U�Y�D�W�V�N�D���� �)�U�D�Q�F�X�V�N�D���L��

�6�M�H�Y�H�U�Q�D�� �0�D�N�H�G�R�Q�L�M�D�������,�V�W�U�D�å�L�Y�D�Q�M�H���M�H�� �X�N�O�M�X�þ�L�Y�D�O�R�� �L���S�U�R�F�M�H�Q�X�� �U�D�]�L�Q�H���]�Q�D�Q�M�D�� �R�� �R�G�U�å�L�Y�R�V�W�L�� �L��

�Q�X�W�U�L�W�L�Y�Q�R�M�� �V�Y�L�M�H�V�W�L���� �V�S�U�H�P�Q�R�V�W�L���N�X�S�R�Y�L�Q�H�� �þ�D�M�Q�R�J�� �S�H�F�L�Y�D���V�� �Q�X�V�S�U�R�L�]�Y�R�G�L�P�D�� �K�U�D�Q�H�� �L�� �S�U�R�F�M�H�Q�X��

�U�D�]�O�L�N�D�� �X�� �R�G�J�R�Y�R�U�L�P�D�� �L�]�P�H�ÿ�X�� �]�H�P�D�O�M�D�� �L�� �J�H�Q�H�U�D�F�L�M�D�����5�H�]�X�O�W�D�W�L�� �S�R�N�D�]�X�M�X�� �G�D�� �Q�X�V�S�U�R�L�]�Y�R�G�L��

�S�U�R�L�]�Y�R�G�Q�M�H���V�R�N�D���J�U�R�å�ÿ�D���L���D�U�R�Q�L�M�H�����N�D�R���R�G�U�å�L�Y�D���D�O�W�H�U�Q�D�W�L�Y�D�����P�R�J�X���X�V�S�M�H�ã�Q�R���]�D�P�L�M�H�Q�L�W�L���G�R������������

�N�D�N�D�R�� �S�U�D�K�D�� �X�� �S�U�R�L�]�Y�R�G�Q�M�L�� �L�Q�W�H�J�U�D�O�Q�R�J�� �þ�D�M�Q�R�J�� �S�H�F�L�Y�D�����V�P�D�Q�M�X�M�X�ü�L�� �S�U�L�W�R�P�� �W�Y�U�G�R�ü�X�� ���������������� �L��

�å�L�O�D�Y�R�V�W�������������������ã�W�R���U�H�]�X�O�W�L�U�D���Y�H�ü�L�P���I�D�N�W�R�U�R�P���ã�L�U�H�Q�M�D���W�H���M�H�G�Q�D�N�R�P���V�H�Q�]�R�U�V�N�R�P���S�U�L�K�Y�D�W�O�M�L�Y�R�ã�ü�X��

�X���X�V�S�R�U�H�G�E�L���V���þ�D�M�Q�L�P���S�H�F�L�Y�R�P���N�R�M�H���V�D�G�U�å�L���V�D�P�R���N�D�N�D�R�����1�D�G�D�O�M�H�����M�H�V�W�L�Y�L���I�L�O�P�R�Y�L���Q�D���E�D�]�L���N�L�W�R�]�D�Q�D��

�L���J�X�P�H���D�U�D�E�L�N�H���V���H�N�V�W�U�D�N�W�R�P���V�M�H�P�H�Q�N�L���J�U�R�å�ÿ�D���L�P�D�M�X���S�R�å�H�O�M�Q�D���V�Y�R�M�V�W�Y�D���N�R�M�D���P�R�J�X���S�R�E�R�O�M�ã�D�W�L��

�N�Y�D�O�L�W�H�W�X���L���S�U�R�G�X�O�M�L�W�L���U�R�N���W�U�D�M�Q�R�V�W�L���]�D���Q�D�M�P�D�Q�M�H���������G�D�Q�D���X���R�G�Q�R�V�X���Q�D���N�R�Q�W�U�R�O�Q�R���þ�D�M�Q�R���S�H�F�L�Y�R����

�ý�D�M�Q�R�� �S�H�F�L�Y�R�� �V�� �W�U�R�S�R�P�� �J�U�R�å�ÿ�D�� �L�� �D�U�R�Q�L�M�H�� �W�H�� �V�� �M�H�V�W�L�Y�L�P�� �I�L�O�P�R�Y�L�P�D�� �R�E�R�J�D�ü�H�Q�L�P�� �H�N�V�W�U�D�N�W�R�P��

�V�M�H�P�H�Q�N�L���J�U�R�å�ÿ�D���L�P�D���S�R�Y�H�ü�D�Q���V�D�G�U�å�D�M���I�O�D�Y�R�Q�R�L�G�D�����������������L���D�Q�W�L�R�N�V�L�G�D�F�L�M�V�N�L���S�R�W�H�Q�F�L�M�D�O����������������

�������X���X�V�S�R�U�H�G�E�L���V���N�R�Q�W�U�R�O�Q�L�P���N�H�N�V�R�P�����7�D�N�R�ÿ�H�U�����V�D�G�U�å�D�M���V�S�R�U�R���S�U�R�E�D�Y�O�M�L�Y�R�J���ã�N�U�R�E�D���S�U�H�Y�O�D�G�D�Y�D��



�Q�D�G�� �E�U�]�R�� �S�U�R�E�D�Y�O�M�L�Y�L�P�� �ã�N�U�R�E�R�P�����5�D�Q�G�R�P�L�]�L�U�D�Q�D�� �N�R�Q�W�U�R�O�L�U�D�Q�D�� �V�W�X�G�L�M�D�� �Q�D�� �]�G�U�D�Y�L�P�� �å�H�Q�V�N�L�P��

�R�V�R�E�D�P�D���S�R�N�D�]�D�O�D���M�H���G�D���X�P�M�H�U�H�Q�D���N�R�Q�]�X�P�D�F�L�M�D���þ�D�M�Q�R�J���S�H�F�L�Y�D���V���W�U�R�S�R�P���J�U�R�å�ÿ�D���L���D�U�R�Q�L�M�H���W�H���V��

�M�H�V�W�L�Y�L�P�� �I�L�O�P�R�Y�L�P�D�� �R�E�R�J�D�ü�H�Q�L�P�� �H�N�V�W�U�D�N�W�R�P�� �V�M�H�P�H�Q�N�L�� �J�U�R�å�ÿ�D���Q�H�� �S�R�Y�H�ü�D�Y�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�X��

�R�N�V�L�G�L�U�D�Q�L�K�� �/�'�/�� �U�H�F�H�S�W�R�U�D�� �N�R�G�� �]�G�U�D�Y�L�K�� �å�H�Q�D���� �D�O�L�� �G�D�� �P�R�J�X�ü�H�� �S�R�V�W�R�M�L�� �S�R�Y�H�]�D�Q�R�V�W�� �L�]�P�H�ÿ�X��

�N�R�Q�F�H�Q�W�U�D�F�L�M�H���R�N�V�L�G�L�U�D�Q�R�J���/�'�/���U�H�F�H�S�W�R�U�D���L���R�S�V�H�J�D���V�W�U�X�N�D�����3�U�H�V�M�H�þ�Q�R���L�V�W�U�D�å�L�Y�D�Q�M�H���S�U�R�Y�H�G�H�Q�R���X��

�W�U�L�P�D���P�H�G�L�W�H�U�D�Q�V�N�L�P���]�H�P�O�M�D�P�D�����+�U�Y�D�W�V�N�D�����)�U�D�Q�F�X�V�N�D���L���6�M�H�Y�H�U�Q�D���0�D�N�H�G�R�Q�L�M�D�������S�R�N�D�]�D�O�R���M�H���G�D��

�M�H�� �þ�D�M�Q�R�� �S�H�F�L�Y�R�� �R�G�� �F�M�H�O�R�Y�L�W�L�K�� �å�L�W�D�U�L�F�D�� �Q�D�� �S�U�Y�R�P�� �R�G�Q�R�V�Q�R�� �G�U�X�J�R�P�� �P�M�H�V�W�X�� �N�D�G�D�� �J�R�Y�R�U�L�P�R�� �R��

�S�U�H�I�H�U�H�Q�F�L�M�L�����7�D�N�R�ÿ�H�U���������������L�V�S�L�W�D�Q�L�N�D���M�H���S�R�W�Y�U�G�L�O�R���L�Q�W�H�U�H�V���]�D���N�X�S�Q�M�X���R�G�U�å�L�Y�R�J���þ�D�M�Q�R�J���S�H�F�L�Y�D����

�,�S�D�N�����]�Q�D�Q�M�H���S�R�W�U�R�ã�D�þ�D���R�� �Q�X�V�S�U�R�L�]�Y�R�G�L�P�D�� �L�� �Q�M�L�K�R�Y�L�P���E�O�D�J�R�W�Y�R�U�Q�L�P���X�þ�L�Q�F�L�P�D�� �N�R�M�H�� �L�P�D�M�X�� �]�D��

�]�G�U�D�Y�O�M�H���M�H�� �R�J�U�D�Q�L�þ�H�Q�R�����6�W�R�J�D���� �W�U�å�L�ã�Q�L�� �S�R�W�H�Q�F�L�M�D�O�� �þ�D�M�Q�R�J���S�H�F�L�Y�D���R�G�� �F�M�H�O�R�Y�L�W�L�K�� �å�L�W�D�U�L�F�D�� �V��

�Q�X�V�S�U�R�L�]�Y�R�G�L�P�D���S�R�V�W�R�M�L�����D�O�L���E�U�D�Q�G�����F�L�M�H�Q�D���L���R�E�U�D�]�R�Y�D�Q�M�H���S�R�W�U�R�ã�D�þ�D���S�U�L�W�R�P���L�P�D�M�X���N�O�M�X�þ�Q�X���X�O�R�J�X��

�S�U�L�O�L�N�R�P���N�X�S�R�Y�L�Q�H�� 

 

�.�O�M�X�þ�Q�H�� �U�L�M�H�þ�L�����Q�X�V�S�U�R�L�]�Y�R�G�L�� �Y�R�ü�D���� �M�H�V�W�L�Y�L�� �I�L�O�P�R�Y�L���� �N�L�W�R�]�D�Q���� �J�X�P�D�� �D�U�D�E�L�N�D���� �R�E�O�R�å�H�Q�L�� �N�H�N�V�L����

�R�N�V�L�G�L�U�D�Q�L���/�'�/���U�H�F�H�S�W�R�U�����S�U�R�E�D�Y�O�M�L�Y�R�V�W���ã�N�U�R�E�D�����V�Y�L�M�H�V�W���R���S�U�H�K�U�D�Q�L�����]�Q�D�Q�M�H���R���R�G�U�å�L�Y�R�V�W�L 

 

 

 

 

 

 

 

 
 



�,�Q�I�R�U�P�D�W�L�R�Q�� �D�E�R�X�W�� �W�K�H�� �6�X�S�H�U�Y�L�V�R�U���±�� �0�D�U�L�R�� �â�þ�H�W�D�U���� �3�K���'������ �$�V�V�R�F�L�D�W�H�� �3�U�R�I�H�V�V�R�U 

 

�0�$�5�,�2���â�ý�(�7�$�5�����3�K���'�������V�H�U�Y�H�V���D�V���D�Q���D�V�V�R�F�L�D�W�H���S�U�R�I�H�V�V�R�U���D�W���W�K�H���8�Q�L�Y�H�U�V�L�W�\���R�I���=�D�J�U�H�E���)�D�F�X�O�W�\��

�R�I�� �)�R�R�G�� �7�H�F�K�Q�R�O�R�J�\�� �D�Q�G�� �%�L�R�W�H�F�K�Q�R�O�R�J�\���� �+�H�� �R�E�W�D�L�Q�H�G�� �K�L�V�� �G�R�F�W�R�U�D�W�H�� �L�Q�� �)�R�R�G�� �6�F�L�H�Q�F�H�� �D�Q�G��

�7�H�F�K�Q�R�O�R�J�\�� �I�U�R�P�� �W�K�H�� �V�D�P�H�� �L�Q�V�W�L�W�X�W�L�R�Q�� �L�Q�� ������������ �6�L�Q�F�H�� ������������ �K�H�� �K�D�V�� �K�H�O�G�� �W�K�H�� �S�R�V�L�W�L�R�Q�� �R�I��

�$�V�V�R�F�L�D�W�H�� �3�U�R�I�H�V�V�R�U���� �L�Q�V�W�U�X�F�W�L�Q�J�� �X�Q�G�H�U�J�U�D�G�X�D�W�H�� �D�Q�G�� �J�U�D�G�X�D�W�H�� �V�W�X�G�H�Q�W�V�� �L�Q�� �F�R�X�U�V�H�V�� �I�R�F�X�V�H�G�� �R�Q��

�I�R�R�G���S�D�F�N�D�J�L�Q�J�� �D�Q�G�� �W�K�H�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �R�I�� �S�D�F�N�D�J�H�G�� �I�R�R�G���S�U�R�G�X�F�W�V���� �3�U�R�I���� �'�U���� �â�þ�H�W�D�U�
�V�� �U�H�V�H�D�U�F�K��

�U�H�Y�R�O�Y�H�V�� �D�U�R�X�Q�G�� �H�G�L�E�O�H�� �D�Q�G�� �S�R�O�\�P�H�U�� �I�L�O�P�V�� �I�R�U�� �I�R�R�G�� �S�D�F�N�D�J�L�Q�J���� �H�[�S�O�R�U�L�Q�J�� �W�K�H�L�U�� �L�P�S�D�F�W�� �R�Q��

�S�U�R�G�X�F�W���V�K�H�O�I���O�L�I�H���� �+�H�� �X�Q�G�H�U�Z�H�Q�W�� �V�F�L�H�Q�W�L�I�L�F�� �W�U�D�L�Q�L�Q�J�� �D�E�U�R�D�G�� �D�W�� �W�K�H�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �%�X�U�J�X�Q�G�\����

�'�L�M�R�Q�����)�U�D�Q�F�H�����I�R�F�X�V�L�Q�J���R�Q���:�D�W�H�U�����$�F�W�L�Y�H���0�R�O�H�F�X�O�H�V�����0�D�F�U�R�P�R�O�H�F�X�O�H�V�����D�Q�G���$�F�W�L�Y�L�W�L�H�V�����(�0�0�$��

�(�$���������������:�L�W�K���R�Y�H�U���������S�H�H�U���U�H�Y�L�H�Z�H�G���M�R�X�U�Q�D�O���D�U�W�L�F�O�H�V���D�Q�G���Q�X�P�H�U�R�X�V���E�R�R�N���F�K�D�S�W�H�U�V���S�X�E�O�L�V�K�H�G��

�E�\���U�H�S�X�W�D�E�O�H���S�X�E�O�L�V�K�H�U�V���V�X�F�K���D�V���(�O�V�H�Y�L�H�U�����6�S�U�L�Q�J�H�U�����D�Q�G���&�5�&���3�U�H�V�V�����3�U�R�I�����'�U�����â�þ�H�W�D�U���K�D�V���P�D�G�H��

�V�L�J�Q�L�I�L�F�D�Q�W�� �F�R�Q�W�U�L�E�X�W�L�R�Q�V�� �W�R�� �W�K�H�� �I�L�H�O�G���� �+�H�� �P�D�L�Q�W�D�L�Q�V�� �D�Q�� �D�F�W�L�Y�H�� �S�U�H�V�H�Q�F�H�� �L�Q�� �Q�D�W�L�R�Q�D�O�� �D�Q�G��

�L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �V�F�L�H�Q�W�L�I�L�F�� �F�R�Q�I�H�U�H�Q�F�H�V���� �S�U�H�V�H�Q�W�L�Q�J�� �K�L�V�� �I�L�Q�G�L�Q�J�V�� �U�H�J�X�O�D�U�O�\���� �3�U�R�I���� �'�U���� �â�þ�H�W�D�U�
�V��

�H�[�S�H�U�W�L�V�H���H�[�W�H�Q�G�V���W�R���S�H�H�U���U�H�Y�L�H�Z�����D�V���K�H���K�D�V���H�Y�D�O�X�D�W�H�G���Q�X�P�H�U�R�X�V���V�F�L�H�Q�W�L�I�L�F���S�D�S�H�U�V���I�R�U���Y�D�U�L�R�X�V��

�M�R�X�U�Q�D�O�V���D�Q�G���V�H�U�Y�H�G���D�V���W�K�H���H�G�L�W�R�U���R�I���V�H�Y�H�U�D�O���V�S�H�F�L�D�O���L�V�V�X�H�V�����+�H���L�V���D�I�I�L�O�L�D�W�H�G���Z�L�W�K���W�K�H���&�U�R�D�W�L�D�Q��

�6�R�F�L�H�W�\�� �R�I�� �)�R�R�G�� �7�H�F�K�Q�R�O�R�J�L�V�W�V���� �%�L�R�W�H�F�K�Q�R�O�R�J�L�V�W�V���� �D�Q�G�� �1�X�W�U�L�W�L�R�Q�L�V�W�V���� �D�Q�G�� �F�R�Q�W�U�L�E�X�W�H�V�� �W�R�� �W�K�H��

�Z�R�U�N�L�Q�J���W�H�D�P���D�W���W�K�H���&�U�R�D�W�L�D�Q���$�J�H�Q�F�\���I�R�U���$�J�U�L�F�X�O�W�X�U�H���D�Q�G���)�R�R�G�����6�L�Q�F�H���������������3�U�R�I�����'�U�����â�þ�H�W�D�U��

�K�D�V�� �E�H�H�Q�� �L�Q�Y�R�O�Y�H�G�� �L�Q�� �Q�X�P�H�U�R�X�V�� �Q�D�W�L�R�Q�D�O�� �D�Q�G�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �U�H�V�H�D�U�F�K�� �S�U�R�M�H�F�W�V���� �3�U�H�V�H�Q�W�O�\���� �K�H��

�V�H�U�Y�H�V�� �D�V�� �D�Q�� �L�Q�Y�H�V�W�L�J�D�W�R�U�� �R�Q�� �S�U�R�M�H�F�W�V�� �I�X�Q�G�H�G�� �E�\�� �W�K�H�� �&�U�R�D�W�L�D�Q�� �6�F�L�H�Q�F�H�� �)�R�X�Q�G�D�W�L�R�Q���� �L�Q�F�O�X�G�L�Q�J��

�6�X�V�W�D�L�Q�D�E�O�H���&�R�Q�F�H�S�W���L�Q���$�F�W�L�Y�H���(�G�L�E�O�H���&�R�D�W�L�Q�J�V���'�H�Y�H�O�R�S�P�H�Q�W���I�R�U���6�K�H�O�I���/�L�I�H���(�[�W�H�Q�V�L�R�Q���R�I���)�U�H�V�K��

�$�G�U�L�D�W�L�F���)�L�V�K���D�Q�G���/�D�V�H�U���6�\�Q�W�K�H�V�L�V���R�I���1�D�Q�R�S�D�U�W�L�F�O�H�V���D�Q�G���$�S�S�O�L�F�D�W�L�R�Q�V�����$�G�G�L�W�L�R�Q�D�O�O�\�����3�U�R�I�����'�U����

�â�þ�H�W�D�U�� �S�D�U�W�L�F�L�S�D�W�H�V�� �D�V�� �W�K�H�� �&�U�R�D�W�L�D�Q�� �S�D�U�W�Q�H�U�� �L�Q�� �Y�D�U�L�R�X�V�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �L�Q�L�W�L�D�W�L�Y�H�V���� �V�X�F�K�� �D�V���)�R�R�G��

�3�D�F�N�D�J�L�Q�J���2�S�H�Q���&�R�X�U�V�H�Z�D�U�H���I�R�U���+�L�J�K�H�U���(�G�X�F�D�W�L�R�Q���D�Q�G���6�W�D�I�I���R�I���&�R�P�S�D�Q�L�H�V�������������)�L�W�1�(�6�6��������������

�&�2�6�7���$�F�W�L�R�Q���5�H�W�K�L�Q�N�L�Q�J�� �S�D�F�N�D�J�L�Q�J�� �I�R�U�� �F�L�U�F�X�O�D�U�� �D�Q�G�� �V�X�V�W�D�L�Q�D�E�O�H�� �I�R�R�G�� �V�X�S�S�O�\�� �F�K�D�L�Q�V�� �R�I�� �W�K�H��

�I�X�W�X�U�H���� �3�5�,�0�$���,�1�7�H�O�O�L�J�H�Q�W���� �$�&�7�L�Y�H�� �0�L�F�U�R�%�,�2�P�H���E�D�V�H�G���� �E�L�R�G�H�J�U�D�G�D�E�O�H�� �3�$�&�.�D�J�L�Q�J�� �I�R�U��

�0�H�G�L�W�H�U�U�D�Q�H�D�Q���I�R�R�G���±���,�1�7�$�&�7�%�L�R�3�D�F�N���D�Q�G���3�5�,�0�$���'�H�V�L�J�Q�����S�U�R�F�H�V�V�L�Q�J���D�Q�G���F�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q��

�R�I�� �L�Q�Q�R�Y�D�W�L�Y�H�� �E�L�R�G�H�J�U�D�G�D�E�O�H�� �D�Q�G�� �F�R�P�S�R�V�W�D�E�O�H�� �D�F�W�L�Y�H�� �S�D�F�N�D�J�L�Q�J�� �V�W�U�X�F�W�X�U�H�V�� �W�R�� �L�P�S�U�R�Y�H�� �I�R�R�G��

�V�D�I�H�W�\���R�I���0�H�G�L�W�H�U�U�D�Q�H�D�Q���I�R�R�G�V���±���(�9�2�/�9�(�3�$�&�.�����3�D�U�W�Q�H�U�V�K�L�S���I�R�U���5�H�V�H�D�U�F�K���D�Q�G���,�Q�Q�R�Y�D�W�L�R�Q���L�Q��

�W�K�H���0�H�G�L�W�H�U�U�D�Q�H�D�Q���$�U�H�D���� 



�,�Q�I�R�U�P�D�W�L�R�Q�� �D�E�R�X�W�� �W�K�H�� �6�X�S�H�U�Y�L�V�R�U���±�� �'�X�E�U�D�Y�N�D�� �1�R�Y�R�W�Q�L���� �3�K���'�������)�X�O�O�� �3�U�R�I�H�V�V�R�U 

 

�'�8�%�5�$�9�.�$�� �1�2�9�2�7�1�,���L�V�� �D�� �I�X�O�O�� �S�U�R�I�H�V�V�R�U�� �D�W�� �W�K�H���8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �=�D�J�U�H�E���)�D�F�X�O�W�\�� �R�I�� �)�R�R�G��

�7�H�F�K�Q�R�O�R�J�\�� �D�Q�G�� �%�L�R�W�H�F�K�Q�R�O�R�J�\���� �,�Q�� ���������� �V�K�H�� �R�E�W�D�L�Q�H�G�� �D�� �3�K���'���� �L�Q�� �1�X�W�U�L�W�L�R�Q�� �I�U�R�P�� �W�K�H���V�D�P�H��

�I�D�F�X�O�W�\���� �6�L�Q�F�H�� ������������ �V�K�H�� �Z�R�U�N�V���W�K�H�U�H���D�V�� �D�� �I�X�O�O�� �S�U�R�I�H�V�V�R�U�����W�H�D�F�K�L�Q�J�� �F�R�X�U�V�H�V�� �U�H�O�D�W�H�G�� �W�R�� �F�H�U�H�D�O��

�F�K�H�P�L�V�W�U�\���D�Q�G���W�H�F�K�Q�R�O�R�J�\�����J�O�X�W�H�Q���I�U�H�H���I�R�R�G�����I�R�R�G���H�[�W�U�X�V�L�R�Q�����R�U�J�D�Q�L�F���I�R�R�G���S�U�R�G�X�F�W�L�R�Q�����H�W�F�����+�H�U��

�V�F�L�H�Q�W�L�I�L�F���Z�R�U�N���L�Q�F�O�X�G�H�V���U�H�V�H�D�U�F�K�L�Q�J���W�K�H���G�L�I�I�H�U�H�Q�W���W�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���L�Q�J�U�H�G�L�H�Q�W�V�����L�Q�F�O�X�G�L�Q�J���E�\��

�S�U�R�G�X�F�W�V�����I�R�U���P�D�N�L�Q�J���E�D�N�H�U�\���S�U�R�G�X�F�W�V���R�I���H�Q�K�D�Q�F�H�G���Q�X�W�U�L�W�L�R�Q�D�O���Y�D�O�X�H�����W�H�F�K�Q�R�O�R�J�L�F�D�O���T�X�D�O�L�W�\�����D�Q�G��

�V�K�H�O�I���O�L�I�H�����6�K�H�� �K�D�G�� �K�H�U�� �V�F�L�H�Q�W�L�I�L�F���W�U�D�L�Q�L�Q�J�� �D�E�U�R�D�G�� �D�W���:�D�U�V�D�Z�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �/�L�I�H�� �6�F�L�H�Q�F�H�V�� �L�Q��

�3�R�O�D�Q�G���� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �1�D�W�X�U�D�O�� �5�H�V�R�X�U�F�H�V�� �D�Q�G�� �/�L�I�H�� �6�F�L�H�Q�F�H�V���� �9�L�H�Q�Q�D�� �L�Q���$�X�V�W�U�L�D�����,�Q�V�W�L�W�X�W�H�� �R�I��

�$�J�U�R�F�K�H�P�L�V�W�U�\�� �D�Q�G�� �)�R�R�G���7�H�F�K�Q�R�O�R�J�\�����9�D�O�H�Q�F�L�D���� �6�S�D�L�Q�����D�Q�G�� �Z�L�W�K�� �W�K�H�� �&�R�F�K�U�D�Q�� �)�H�O�O�R�Z�V�K�L�S�� �L�Q��

�8�6�$�����'�X�E�U�D�Y�N�D���1�R�Y�R�W�Q�L���K�D�V���S�X�E�O�L�V�K�H�G���R�Y�H�U���������S�H�H�U���U�H�Y�L�H�Z�H�G���M�R�X�U�Q�D�O���D�U�W�L�F�O�H�V���Z�L�W�K���P�R�U�H���W�K�D�Q��

�������� �F�L�W�D�W�L�R�Q�V�� ���K���L�Q�G�H�[�� �������� �D�Q�G�� �D�X�W�K�R�U�H�G�� �V�H�Y�H�U�D�O�� �E�R�R�N�� �F�K�D�S�W�H�U�V�� �Z�L�W�K�� �U�H�F�R�J�Q�L�]�H�G�� �V�F�L�H�Q�W�L�I�L�F��

�S�X�E�O�L�V�K�H�U�V�� �O�L�N�H�� �(�O�V�H�Y�L�H�U���� �6�S�U�L�Q�J�H�U�� �D�Q�G�� �&�5�&���3�U�H�V�V�����6�K�H�� �S�U�H�V�H�Q�W�V�� �K�H�U�� �Z�R�U�N�� �F�R�Q�V�L�V�W�H�Q�W�O�\���D�W��

�L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �V�F�L�H�Q�W�L�I�L�F�� �F�R�Q�I�H�U�H�Q�F�H�V�� �L�Q�� �G�L�I�I�H�U�H�Q�W���F�R�X�Q�W�U�L�H�V���� �6�K�H�� �U�H�Y�L�H�Z�H�G�� �Q�X�P�H�U�R�X�V�� �V�F�L�H�Q�W�L�I�L�F��

�S�D�S�H�U�V�� �I�R�U�� �S�H�H�U�� �U�H�Y�L�H�Z�H�G�� �M�R�X�U�Q�D�O�V���� �6�K�H�� �L�V�� �D�� �P�H�P�E�H�U�� �R�I�� �W�K�H�� �7�H�F�K�Q�L�F�D�O�� �&�R�P�P�L�W�W�H�H�� �R�I��

�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �$�V�V�R�F�L�D�W�L�R�Q�� �I�R�U�� �&�H�U�H�D�O�� �6�F�L�H�Q�F�H�� �D�Q�G�� �7�H�F�K�Q�R�O�R�J�\���� �&�U�R�D�W�L�D�Q�� �6�R�F�L�H�W�\�� �R�I�� �)�R�R�G��

�7�H�F�K�Q�R�O�R�J�L�V�W�V�����%�L�R�W�H�F�K�Q�R�O�R�J�L�V�W�V���D�Q�G���1�X�W�U�L�W�L�R�Q�L�V�W�V�����&�U�R�D�W�L�D�Q���&�K�H�P�L�F�D�O���6�R�F�L�H�W�\�����Z�R�U�N�L�Q�J���W�H�D�P��

�&�R�G�H�[���$�O�L�P�H�Q�W�D�U�L�X�V�����%�R�D�U�G���I�R�U���F�H�U�H�D�O�V���D�Q�G���S�X�O�V�H�V�����&�R�X�Q�F�L�O���I�R�U���L�P�S�O�H�P�H�Q�W�L�Q�J���D���X�V�H���R�I���&�U�R�D�W�L�D�Q��

�)�L�H�O�G�V�� �)�O�R�X�U�� �6�L�J�Q�� �D�Q�G�� �W�K�H�� �&�U�R�D�W�L�D�Q�� �)�L�H�O�G�� �%�U�H�D�G�� �6�L�J�Q���� �&�U�R�D�W�L�D�Q���$�J�H�Q�F�\�� �I�R�U���$�J�U�L�F�X�O�W�X�U�H�� �D�Q�G��

�)�R�R�G�����F�R�P�P�L�W�W�H�H���I�R�U���W�K�H���5�H�J�X�O�D�W�L�R�Q���R�Q���F�H�U�H�D�O�V���D�Q�G���F�H�U�H�D�O���S�U�R�G�X�F�W�V�����D�Q�G���W�K�H���(�[�S�H�U�W���Z�R�U�N�L�Q�J��

�J�U�R�X�S���R�Q���W�K�H���5�H�J�X�O�D�W�L�R�Q���R�I���V�D�O�W���O�H�Y�H�O�V���L�Q���E�D�N�H�U�\���S�U�R�G�X�F�W�V�����0�L�Q�L�V�W�U�\���R�I���$�J�U�L�F�X�O�W�X�U�H�������6�L�Q�F�H������������

�V�K�H���K�D�V���E�H�H�Q���L�Q�Y�R�O�Y�H�G���L�Q���Q�X�P�H�U�R�X�V���Q�D�W�L�R�Q�D�O���D�Q�G���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���U�H�V�H�D�U�F�K���S�U�R�M�H�F�W�V�����&�X�U�U�H�Q�W�O�\�����V�K�H��

�L�V���W�K�H���S�U�L�Q�F�L�S�D�O���L�Q�Y�H�V�W�L�J�D�W�R�U���R�I���W�K�H���S�U�R�M�H�F�W���'�H�Y�H�O�R�S�P�H�Q�W���R�I���Q�H�Z���J�H�Q�H�U�D�W�L�R�Q���R�I���V�Q�D�F�N���I�R�R�G���I�R�U��

�F�R�Q�V�X�P�H�U�V�� �Z�L�W�K�� �V�S�H�F�L�I�L�F�� �G�L�H�W�D�U�\�� �Q�H�H�G�V�� �X�V�L�Q�J�� ���'�� �S�U�L�Q�W�L�Q�J�� �W�H�F�K�Q�R�O�R�J�L�H�V���� �&�U�R�D�W�L�D�Q�� �6�F�L�H�Q�F�H��

�)�R�X�Q�G�D�W�L�R�Q�����+�5�=�=�����������������D�V���Z�H�O�O���D�V���W�K�H���S�U�L�Q�F�L�S�D�O���L�Q�Y�H�V�W�L�J�D�W�R�U���R�I���W�K�H���&�U�R�D�W�L�D�Q���S�D�U�W�Q�H�U���L�Q���)�O�D�W��

�E�U�H�D�G���R�I���0�H�G�L�W�H�U�U�D�Q�H�D�Q���D�U�H�D�����L�Q�Q�R�Y�D�W�L�R�Q���	���H�P�H�U�J�L�Q�J���S�U�R�F�H�V�V���	���W�H�F�K�Q�R�O�R�J�\�����3�D�U�W�Q�H�U�V�K�L�S���I�R�U��

�5�H�V�H�D�U�F�K���D�Q�G���,�Q�Q�R�Y�D�W�L�R�Q���L�Q���W�K�H���0�H�G�L�W�H�U�U�D�Q�H�D�Q���$�U�H�D�����3�5�,�0�$���������������� 

  



�$�X�W�K�R�U�V���S�X�E�O�L�F�D�W�L�R�Q�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���G�R�F�W�R�U�D�O���G�L�V�V�H�U�W�D�W�L�R�Q�� 

�3�X�E�O�L�F�D�W�L�R�Q���1�R������ 

�0�R�O�Q�D�U�����' �������1�R�Y�R�W�Q�L�����'�������.�X�U�H�N�����0�������*�D�O�L�ü���� �.�������,�Y�H�N�R�Y�L�ü�����'�������%�L�R�Q�G�D�����+�������â�þ�H�W�D�U�����0������������������

�&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���H�G�L�E�O�H���I�L�O�P�V���H�Q�U�L�F�K�H�G���Z�L�W�K���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���D�Q�G���W�K�H�L�U���D�S�S�O�L�F�D�W�L�R�Q���R�Q���F�R�R�N�L�H�V����

�)�R�R�G���+�\�G�U�R�F�R�O�O�R�L�G�V�����������������������������K�W�W�S�V�������G�R�L���R�U�J�������������������M���I�R�R�G�K�\�G������������������������ 

 

�3�X�E�O�L�F�D�W�L�R�Q���1�R������ 

�0�R�O�Q�D�U�����' �������*�D�E�D�M�����1���1�������9�X�M�L�ü�����/�������â�þ�H�W�D�U�����0�������.�U�L�V�F�K�����-�������0�L�O�H�U�����0�������â�W�H�I�D�Q�R�Y�L�ü�����0�������1�R�Y�R�W�Q�L����

�'�������������������$�S�S�O�L�F�D�W�L�R�Q���R�I���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���D�Q�G���H�G�L�E�O�H���I�L�O�P���W�R���F�R�R�N�L�H�V�����$�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\���D�Q�G��

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �R�[�L�G�L�]�H�G�� �/�'�/�� �U�H�F�H�S�W�R�U�� �L�Q�� �Z�R�P�H�Q�² �$�� �I�L�U�V�W�� �D�S�S�U�R�D�F�K�����$�S�S�O�L�H�G���6�F�L�H�Q�F�H������������

�����������������������K�W�W�S�V�������G�R�L���R�U�J�������������������D�S�S������������������ 

 

�3�X�E�O�L�F�D�W�L�R�Q���1�R������ 

�0�R�O�Q�D�U�����' �������9�H�O�L�F�N�R�Y�D�����(�������3�U�R�V�W�����&�������7�H�P�N�R�Y�����0�������â�þ�H�W�D�U�����0�������1�R�Y�R�W�Q�L�����'�������������������&�R�Q�V�X�P�H�U��

�1�X�W�U�L�W�L�R�Q�D�O���$�Z�D�U�H�Q�H�V�V�����6�X�V�W�D�L�Q�D�E�L�O�L�W�\���.�Q�R�Z�O�H�G�J�H�����D�Q�G���3�X�U�F�K�D�V�H���,�Q�W�H�Q�W�L�R�Q���R�I���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\��

�)�U�L�H�Q�G�O�\�� �&�R�R�N�L�H�V�� �L�Q�� �&�U�R�D�W�L�D���� �)�U�D�Q�F�H���� �D�Q�G�� �1�R�U�W�K�� �0�D�F�H�G�R�Q�L�D�����)�R�R�G�V���� �������� ������������

�K�W�W�S�V�������G�R�L���R�U�J�������������������I�R�R�G�V������������������������ 

 

�6�X�S�S�O�H�P�H�Q�W�D�U�\�� 

�0�R�O�Q�D�U�����'�������1�R�Y�R�W�Q�L�����'�������.�U�L�V�F�K�����-�������%�R�V�L�O�M�N�R�Y�����7�������â�þ�H�W�D�U�����0�������������������7�K�H���R�S�W�L�P�L�V�D�W�L�R�Q���R�I���F�R�R�N�L�H��

�I�R�U�P�X�O�D�W�L�R�Q���Z�L�W�K���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H���S�R�Z�G�H�U�V���D�V���F�R�F�R�D���V�X�E�V�W�L�W�X�W�H�V�����&�U�R�D�W�L�D�Q���-�R�X�U�Q�D�O���R�I��

�)�R�R�G�� �7�H�F�K�Q�R�O�R�J�\���� �%�L�R�W�H�F�K�Q�R�O�R�J�\�� �D�Q�G�� �1�X�W�U�L�W�L�R�Q���� �������� �����±��������

�K�W�W�S�V�������G�R�L���R�U�J���������������������K�F�S�W�E�Q������������������ 

 

 

 

 

 

 

 



�/�L�V�W���R�I���$�E�E�U�H�Y�L�D�W�L�R�Q�V 

�D� �/�D�E���F�R�R�U�G�L�Q�D�W�H 

�$�$ �$�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\ 

�$�& �$�I�W�H�U���&�K�U�L�V�W 

�$�&�(�� �$�Q�J�L�R�W�H�Q�V�L�Q���F�R�Q�Y�H�U�W�L�Q�J���H�Q�]�\�P�H 

�$�/�7 �$�O�D�Q�L�Q�H���W�U�D�Q�V�D�P�L�Q�D�V�H 

�$�6�/�7 �$�F�F�H�O�H�U�D�W�H�G���V�K�H�O�I���O�L�I�H���W�H�V�W�L�Q�J 

�$�6�7 �$�V�S�D�U�W�D�W�H���W�U�D�Q�V�D�P�L�Q�D�V�H 

�E� �/�D�E���F�R�R�U�G�L�Q�D�W�H 

�%�& �%�H�I�R�U�H���&�K�U�L�V�W 

�%�0�, �%�R�G�\���P�D�V�V���L�Q�G�H�[ 

�&�$�' �&�R�U�R�Q�D�U�\���D�U�W�H�U�\���G�L�V�H�D�V�H 

�&�& �&�R�Q�W�U�R�O���F�R�R�N�L�H 

�&�2�� �&�D�U�E�R�Q���G�L�R�[�L�G�H 

�&�5�3 �&���U�H�D�F�W�L�Y�H���S�U�R�W�H�L�Q 

�&�9�'�V �&�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�V 

�'�%�3 �'�L�D�V�W�R�O�L�F���E�O�R�R�G���S�U�H�V�V�X�U�H 

�'�'  �'�H�J�U�H�H���R�I���G�H�D�F�H�W�\�O�D�W�L�R�Q 

�'�3�3�+ ���������'�L�S�K�H�Q�\�O�������S�L�F�U�\�O�K�\�G�U�D�]�\�O 

�'�6�& �'�L�I�I�H�U�H�Q�W�L�D�O���V�F�D�Q�Q�L�Q�J���F�D�O�R�U�L�P�H�W�U�\ 

�(�& �(�Q�G�R�W�K�H�O�L�D�Q���F�H�O�O�V 

�H�1�2�6 �(�Q�G�R�W�K�H�O�L�D�O���Q�L�W�U�L�F���R�[�L�G�H���V�\�Q�W�K�D�V�H 

�(�3�& �(�Q�G�R�W�K�H�O�L�D�O���S�U�R�J�H�Q�L�W�R�U���F�H�O�O�V 

�(�7���� �(�Q�G�R�W�K�H�O�L�Q���� 

�)�$�%�3�� �)�D�W�W�\���D�F�L�G���E�L�Q�G�L�Q�J���S�U�R�W�H�L�Q���� 

�)�$�%�3�� �)�D�W�W�\���D�F�L�G���E�L�Q�G�L�Q�J���S�U�R�W�H�L�Q���� 

�)�$�6 �)�D�W�\���D�F�L�G���V�\�Q�W�K�D�V�H 

�)�)�6 �)�L�O�P���I�R�U�P�L�Q�J���V�R�O�X�W�L�R�Q 

�)�7�,�5 �)�R�X�U�L�H�U���W�U�D�Q�V�I�R�U�P���L�Q�I�U�D�U�H�G���V�S�H�F�W�U�R�V�F�R�S�\ 



�*�$ �*�X�P���D�U�D�E�L�F 

�*�$�( �*�X�P���D�U�D�E�L�F���Z�L�W�K���H�[�W�U�D�F�W 

�*�$�3 �&�R�R�N�L�H�V���Z�L�W�K���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H�� 

�*�$�3���Z�L�W�K���.�*�$�( �&�R�R�N�L�H�V���Z�L�W�K���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H���F�R�D�W�H�G���Z�L�W�K���H�G�L�E�O�H���I�L�O�P 

�*�6�( �*�U�D�S�H���V�H�H�G���H�[�W�U�D�F�W 

�*�6�+���3�[ �*�O�X�W�D�W�K�L�R�Q�H���S�H�U�R�[�L�G�D�V�H 

�+�'�/  �+�L�J�K���G�H�Q�V�L�W�\���O�L�S�R�S�U�R�W�H�L�Q 

�,�&�$�0 �,�Q�W�H�U�F�H�O�O�X�O�D�U���D�G�K�H�V�L�R�Q���P�R�O�H�F�X�O�H 

�,�/�����¶ �,�Q�W�H�U�O�H�X�N�L�Q���� 

�,�/���� �,�Q�W�H�U�O�H�X�N�L�Q���� 

�,�/���� �,�Q�W�H�U�O�H�X�N�L�Q���� 

�.�*�$  �&�K�L�W�R�V�D�Q���D�Q�G���J�X�P���D�U�D�E�L�F 

�.�*�$�(  �&�K�L�W�R�V�D�Q���D�Q�G���J�X�P���D�U�D�E�L�F���Z�L�W�K���H�[�W�U�D�F�W 

�/� �/�D�E���F�R�R�U�G�L�Q�D�W�H 

�/�'�/  �/�R�Z���G�H�Q�V�L�W�\���O�L�S�R�S�U�R�W�H�L�Q�� 

�/�2�; ���� �/�H�F�L�W�L�Q���O�L�N�H���U�H�F�H�S�W�R�U���� 

�/�3�/ �/�L�S�R�S�U�R�W�H�L�Q���O�L�S�D�V�H 

�0�&�3�� �0�R�Q�R�F�\�W�H���F�K�H�P�R�D�W�W�U�D�F�W�D�Q�W���S�U�R�W�H�L�Q���� 

�1�)�����% �1�X�F�O�H�D�U���I�D�F�W�R�U���N�D�S�S�D���O�L�J�K�W���F�K�D�L�Q���H�Q�K�D�Q�F�H�U���R�I���D�F�W�L�Y�D�W�H�G���E���F�H�O�O�V 

�1�2 �1�L�W�U�L�F���R�[�L�G�H 

�2�[���/�'�/  �2�[�L�G�L�]�H�G���O�R�Z���G�H�Q�V�L�W�\���O�L�S�R�S�U�R�W�H�L�Q�� 

�3�&�$ �3�U�L�Q�F�L�S�D�O���F�R�P�S�R�Q�H�Q�W���O�R�D�G�L�Q�J�V 

�3�*�(�� �3�U�R�V�W�D�J�O�D�Q�G�L�Q���H�� 

�S�+ �3�R�W�H�Q�W�L�D�O���R�I���K�\�G�U�R�J�H�Q 

�5�'�6 �5�D�S�L�G�O�\���G�L�J�H�V�W�L�E�O�H���V�W�D�U�F�K 

�5�2�6 �5�H�D�F�W�L�Y�H���R�[�\�J�H�Q���V�S�H�F�L�H�V 

�6�%�' �6�\�V�W�R�O�L�F���E�O�R�R�G���S�U�H�V�V�X�U�H 

�6�(�0 �6�F�D�Q�Q�L�Q�J���H�O�H�F�W�U�R�Q���P�L�F�U�R�V�F�R�S�\ 

�6�'�6 �6�O�R�Z�O�\���G�L�J�H�V�W�L�E�O�H���V�W�D�U�F�K 

�7�$�* �7�U�L�D�F�\�O�J�O�\�F�H�U�R�O 



�7�%�$�5�6 �6�X�E�V�W�D�Q�F�H�V���U�H�D�F�W�L�Q�J���Z�L�W�K���W�K�L�R�E�D�U�E�L�W�X�U�L�F���D�F�L�G 

�7�& �7�R�W�D�O���F�K�R�O�H�V�W�H�U�R�O 

�7�* �7�U�L�J�O�\�F�H�U�L�G�H�V 

�7�1�)���. �7�X�P�R�U���Q�H�F�U�R�V�L�V���I�D�F�W�R�U���. 

�7�3�& �7�R�W�D�O���S�K�H�Q�R�O���F�R�Q�W�H�Q�W 

�9�&�$�0 �9�D�V�F�X�O�D�U���F�H�O�O���D�G�K�H�V�L�R�Q���P�R�O�H�F�X�O�H 

�9�6�0�& �9�D�V�F�X�O�D�U���V�P�R�R�W�K���P�X�V�F�O�H���F�H�O�O 

�:�3�$ �:�D�W�H�U���Y�D�S�R�U���S�H�U�P�H�D�E�L�O�L�W�\ 

�:�6  �:�D�W�H�U���V�R�O�X�E�L�O�L�W�\ 

 

 

 

 

 

 

 

 

 



Table of Contents 

 

�*�H�Q�H�U�D�O���L�Q�W�U�R�G�X�F�W�L�R�Q�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«...........1 

Chapter ���«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �«������ 

Theoretical backgro�X�Q�G�«�«�« ..�«�«�«�«�« �������«�«�«�«�«�«�«�«�« ...�«�«�«�«�«�«�«���� ...5 

1. Ready-to-eat food �± �&�R�R�N�L�H�V�«�«�«�«�«�«�«�«�«�«�« �«�«�«�« �«�������« �«�«�«�«������������ 

2. Cocoa �± composition, health benefits and the need for sustainable alternatives........7 

3. Fruit by-products - new functional and sustainable ingredients �«�«�«�« .�«�«�« .�«��  

3.1. Aronia and grape �± composition, health benefits and food applications�« �«�������� 

3.1.1. Aronia �«�«�«�«�«�«�«�«�«�«�«�«�«�«�« .................................................11 

3.1.2. Grape �«�«�«�«�«�«�«�«�« ...�« �«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�������� 2 

4. Cardiovascular diseases �± the role of oxidized low-density lipoprotein (ox�/�'�/���« 15 

4.1. Grape and aronia �± protective properties against cardiovascular diseases.�«����17 

���������������6�W�D�U�F�K���G�L�J�H�V�W�L�E�L�O�L�W�\�«�«�«�«�«�«�«�«�«�«�« �«�«�« �«�����«�«�« �������«�«�«�« �«�«�« ���� 

6.  �%�L�R�S�R�O�\�P�H�U�V���D�V���V�X�V�W�D�L�Q�D�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H�V���L�Q���W�K�H���I�R�R�G���S�D�F�N�D�J�L�Q�J���L�Q�G�X�V�W�U�\�«�«�« �«��..21 

6.1.  Chitosan�«�«�«�«�«�« �« �«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« ...�«�« ...24 

6.2. Gum arabic�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« ...�«��..26 

���������������&�R�Q�V�X�P�H�U���D�W�W�L�W�X�G�H���W�R�Z�D�U�G�V���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�«�«�«�«�«�«�«�« ���«�«�«�«�«�«�«������ �������� 

���������������+�\�S�R�W�K�H�V�L�V�����U�H�V�H�D�U�F�K���R�E�M�H�F�W�L�Y�H�V�����D�Q�G���H�[�S�H�F�W�H�G���V�F�L�H�Q�W�L�I�L�F���F�R�Q�W�U�L�E�X�W�L�R�Q�V�«�«�����« �«�������� 

Chapter 2 ............................................................................................................................... 33 

Publication No 1: Characteristics of edible films enriched with fruit by-products and their ap-

plication on cookies�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �«�« �«�«�«�«�«�«���� .34 

Publication No 2: Application of fruit by-products and edible film to cookies: Antioxidant 

activity and concentration of oxidized LDL receptor in women�² A first approach  ........... 45 

Publication No 3: Consumer Nutritional Awareness, Sustainability Knowledge, and Purchase 

Intention of Environmentally Friendly Cookies in Croatia, France, and North Macedonia 

�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �«�«�«�«�«�«�«�«�«�«������ �«�«�«������.62 

Chapter 3 ............................................................................................................................... 81 

General discussion .................................................................................................................. 81 

1.     Development of cookies and edible films enriched with fruit by-products..............82 



1.1.  Development of cookies with grape- and aronia pomace�« �« �« �« �«������.........82  

�������������������������������������������3�K�\�V�L�F�D�O���D�Q�G���V�H�Q�V�R�U�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���F�R�R�N�L�H�V���Z�L�W�K���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D��

�S�R�P�D�F�H�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« ������ 

2.  Extending the shelf-life of cookies through the application of edible �I�L�O�P�V�«�«�«����88 

              2.1. Accelerated and direct shelf-life method�«�«�«�«�«�« �«�« �«�«�« �« �«�������« 88 

3. Improving the quality of cookies through the application of fruit by-products and 

edible films..................................................................................................................89 

4. Effects of the consumption of cookies containing GAP and KGAE on oxLDL in 

healthy women�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�� �«�«�«�«�«�«�« �«�«��������0 

5. Market potential and consumer attitude towards whole grain and sustainable 

cookies�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«������ ..92 

�&�K�D�S�W�H�U�����«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �«�« �«����  

Conclusio�Q�V�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�����« �«�«�� �«�������� 

�5�H�I�H�U�H�Q�F�H�V�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« ���«�«�«�«�« ���« �« ������ 

�$�X�W�R�E�L�R�J�U�D�S�K�\�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �« �«�«�«�«�«�«�« �«�«�� �«�« ������ 

�6�X�S�S�O�H�P�H�Q�W�D�U�\�«�«�«�«�«�«�«�«�« �« �«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �«�«�� �« ������



�í���n���W �� �P �� 
 

 

 

 

�*�H�Q�H�U�D�O���L�Q�W�U�R�G�X�F�W�L�R�Q



�*�H�Q�H�U�D�O���L�Q�W�U�R�G�X�F�W�L�R�Q 

�î���n���W �� �P �� 
 

�,�Q�� �U�H�F�H�Q�W�� �\�H�D�U�V���� �W�K�H�U�H�� �K�D�V�� �E�H�H�Q�� �D�� �J�U�R�Z�L�Q�J�� �F�R�Q�F�H�U�Q�� �D�P�R�Q�J�� �F�R�Q�V�X�P�H�U�V�� �D�E�R�X�W�� �W�K�H��

�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �R�I���W�K�H���I�R�R�G���V�X�S�S�O�\���F�K�D�L�Q�����6�|�U�T�Y�L�V�W�� �H�W�� �D�O������ �������������� �7�K�H�� �J�O�R�E�D�O�� �I�R�R�G��

�V�\�V�W�H�P���H�Q�F�R�X�Q�W�H�U�V���D���V�L�J�Q�L�I�L�F�D�Q�W���F�K�D�O�O�H�Q�J�H���U�H�O�D�W�H�G���W�R���I�R�R�G���Z�D�V�W�H�����Z�L�W�K���P�R�U�H���W�K�D�Q���R�Q�H���W�K�L�U�G���R�I���W�K�H��

�I�R�R�G�� �L�Q�W�H�Q�G�H�G�� �I�R�U�� �K�X�P�D�Q�� �F�R�Q�V�X�P�S�W�L�R�Q�� �E�H�L�Q�J�� �O�R�V�W�� �R�U�� �Z�D�V�W�H�G���H�Y�H�U�\�� �\�H�D�U�����<�L�O�P�D�]�� �D�Q�G�� �.�D�K�Y�H�F�L����

������������ 

�&�R�R�N�L�H�V�� �D�U�H�� �D�� �Y�H�U�\�� �S�R�S�X�O�D�U�� �F�H�U�H�D�O���E�D�V�H�G�� �I�R�R�G�� �F�R�Q�V�X�P�H�G�� �E�\�� �E�R�W�K�� �F�K�L�O�G�U�H�Q�� �D�Q�G�� �D�G�X�O�W�V��

�Z�R�U�O�G�Z�L�G�H�����)�O�R�U�H�Q�F�H���H�W���D�O�������������������G�X�H���W�R���W�K�H�L�U���Q�X�W�U�L�H�Q�W���G�H�Q�V�H���S�U�R�I�L�O�H�����G�L�Y�H�U�V�H���I�O�D�Y�R�U�V���D�Q�G���V�K�D�S�H�V����

�D�Q�G���G�X�H���W�R���W�K�H�L�U���O�R�Q�J���V�K�H�O�I���O�L�I�H�����$�M�L�O�D���H�W���D�O���������������������*�L�Y�H�Q���W�K�H���J�U�R�Z�L�Q�J���L�Q�W�H�U�H�V�W���L�Q���I�X�Q�F�W�L�R�Q�D�O���F�R�R�N�L�H�V��

�H�Q�U�L�F�K�H�G�� �Z�L�W�K�� �Y�D�U�L�R�X�V�� �Q�X�W�U�L�H�Q�W�V�� �D�Q�G�� �E�L�R�D�F�W�L�Y�H�� �F�R�P�S�R�X�Q�G�V�� �V�X�F�K�� �D�V�� �G�L�H�W�D�U�\�� �I�L�E�H�U���������J�O�X�F�D�Q�V����

�S�R�O�\�S�K�H�Q�R�O�V���R�U���Y�L�W�D�P�L�Q�V�����F�R�R�N�L�H���F�R�Q�V�X�P�S�W�L�R�Q���F�D�Q���E�H���L�Q�F�R�U�S�R�U�D�W�H�G���L�Q�W�R���J�O�R�E�D�O���Q�X�W�U�L�W�L�R�Q���V�W�U�D�W�H�J�L�H�V��

�W�R���D�G�G�U�H�V�V���V�H�Y�H�U�D�O���Q�X�W�U�L�H�Q�W���G�H�I�L�F�L�H�Q�F�L�H�V���D�V���Z�H�O�O���D�V���F�K�U�R�Q�L�F���D�Q�G���Q�X�W�U�L�W�L�R�Q���U�H�O�D�W�H�G���G�L�V�H�D�V�H�V�����&�D�Q�D�O�L�V��

�H�W���D�O�������������������V�X�F�K���D�V���F�H�O�L�D�F���G�L�V�H�D�V�H�����R�E�H�V�L�W�\�����G�L�D�E�H�W�H�V���P�H�O�O�L�W�X�V���W�\�S�H���,�,���D�Q�G���F�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�V��

���.�H�N�D�O�L�K���H�W���D�O�������������������%�X�I�I�L�q�U�H���H�W���D�O�������������������3�X�H�U�W�D���H�W���D�O�������������������0�R�O�Q�D�U���H�W���D�O�������������������� 

�)�R�R�G���L�Q�G�X�V�W�U�\���E�\���S�U�R�G�X�F�W�V���L�Q�F�O�X�G�L�Q�J���S�H�H�O�V�����U�H�P�Q�D�Q�W�V���R�I���S�X�O�S�����V�H�H�G�V�����D�Q�G���V�W�H�P�V�����G�H�S�H�Q�G�L�Q�J��

�R�Q�� �W�K�H�� �W�\�S�H�� �R�I�� �I�U�X�L�W���� �U�H�S�U�H�V�H�Q�W�� ���������� �W�R�� ���������� �R�I�� �W�K�H�� �R�U�L�J�L�Q�D�O�� �I�U�X�L�W�� �P�D�V�V�� ���*�D�O�D�Q�D�N�L�V���� �������������� 

�7�K�H���U�L�V�L�Q�J���L�Q�W�H�U�H�V�W���L�Q���H�[�W�U�D�F�W�L�Q�J���Q�X�W�U�L�H�Q�W�V���I�U�R�P���E�\���S�U�R�G�X�F�W�V���I�R�U���Z�D�V�W�H���P�D�Q�D�J�H�P�H�Q�W���Z�L�W�K���H�F�R�Q�R�P�L�F��

�D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���E�H�Q�H�I�L�W�V�����3�D�O�R�F�F�L���D�Q�G���&�K�U�R�Q�R�S�R�X�O�R�X�������������������P�D�N�H�V���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���D���U�H�O�H�Y�D�Q�W��

�V�R�X�U�F�H���R�I���G�L�H�W�D�U�\���I�L�E�H�U���D�Q�G���S�R�O�\�S�K�H�Q�R�O�V���I�R�U���F�R�R�N�L�H���S�U�R�G�X�F�W�L�R�Q�����3�U�R�N�R�S�R�Y���H�W���D�O���������������������3�U�H�Y�L�R�X�V��

�V�W�X�G�L�H�V���K�D�Y�H���L�Q�G�L�F�D�W�H�G�� �W�K�D�W�� �L�Q�F�U�H�D�V�L�Q�J�� �W�K�H�� �D�P�R�X�Q�W�� �R�I�� �J�U�D�S�H�� �S�R�P�D�F�H�� �L�Q�� �F�R�R�N�L�H�V���F�D�Q���U�H�G�X�F�H�� �W�K�H�L�U��

�D�F�F�H�S�W�D�Q�F�H�� �E�\�� �F�R�Q�V�X�P�H�U�V�� �G�X�H�� �W�R�� �D�Q�� �L�Q�W�H�Q�V�H�� �I�U�X�L�W�\���D�F�L�G�L�F�� �W�D�V�W�H�� �D�Q�G���D���G�D�U�N�H�U�� �F�R�O�R�U���� �&�R�R�N�L�H�V�� �Z�L�W�K��

�P�D�[�L�P�X�P�� �R�I������������ �D�G�G�H�G�� �J�U�D�S�H�� �S�R�P�D�F�H�� �Z�H�U�H�� �W�K�H���E�H�V�W���D�F�F�H�S�W�H�G�� ���$�F�X�Q�� �H�W�� �D�O������ ���������������:�K�L�O�H��

�Q�X�P�H�U�R�X�V���V�F�L�H�Q�W�L�I�L�F���V�W�X�G�L�H�V���K�D�Y�H���E�H�H�Q�� �F�R�Q�G�X�F�W�H�G���� �W�K�H�\���K�D�Y�H���S�U�L�P�D�U�L�O�\�� �I�R�F�X�V�H�G���R�Q���H�[�S�O�R�U�L�Q�J���W�K�H��

�S�K�\�V�L�F�R�F�K�H�P�L�F�D�O���D�Q�G���V�H�Q�V�R�U�\���S�U�R�S�H�U�W�L�H�V���R�I���F�R�R�N�L�H�V���H�Q�U�L�F�K�H�G���Z�L�W�K���E�\���S�U�R�G�X�F�W�V���I�U�R�P���L�Q�G�L�Y�L�G�X�D�O���I�U�X�L�W��

�Y�D�U�L�H�W�L�H�V���R�U���R�W�K�H�U���V�S�H�F�L�I�L�F���V�R�X�U�F�H�V�����$�Q���H�[�W�H�Q�V�L�Y�H���U�H�Y�L�H�Z���R�I���W�K�H���H�[�L�V�W�L�Q�J���O�L�W�H�U�D�W�X�U�H���Z�D�V���Q�R�W���D�E�O�H���W�R��

�L�G�H�Q�W�L�I�L�H�G�� �D�Q�\�� �S�X�E�O�L�V�K�H�G�� �V�W�X�G�L�H�V�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �V�L�P�X�O�W�D�Q�H�R�X�V�� �H�Q�U�L�F�K�P�H�Q�W�� �R�I�� �F�R�R�N�L�H�V�� �Z�L�W�K�� �E�\��

�S�U�R�G�X�F�W�V���I�U�R�P���D�U�R�Q�L�D���D�Q�G���J�U�D�S�H���M�X�L�F�H���S�U�R�G�X�F�W�L�R�Q�����7�K�H�U�H�I�R�U�H�����D�G�G�L�W�L�R�Q�D�O���U�H�V�H�D�U�F�K���D�Q�G���H�P�S�K�D�V�L�V���D�U�H��

�Q�H�H�G�H�G���W�R���V�K�R�Z���W�K�H���D�F�F�H�S�W�D�Q�F�H���R�I���F�R�R�N�L�H�V���F�R�Q�W�D�L�Q�L�Q�J���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V�� 

�)�L�Q�G�L�Q�J�� �D�� �V�X�L�W�D�E�O�H�� �D�O�W�H�U�Q�D�W�L�Y�H���I�R�U�� �F�R�F�R�D�� �S�R�Z�G�H�U���Z�L�W�K�� �U�H�G�X�F�H�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�P�S�D�F�W���L�V��

�E�H�F�R�P�L�Q�J�� �L�P�S�H�U�D�W�L�Y�H�� ���/�R�X�O�O�L�V�� �D�Q�G�� �3�L�Q�D�N�R�X�O�D�N�L���� ������������ �V�L�Q�F�H�� �W�K�H�� �P�D�L�Q�� �O�L�P�L�W�D�W�L�R�Q�� �R�I�� �F�R�P�P�H�U�F�L�D�O��

�D�O�W�H�U�Q�D�W�L�Y�H�V���� �V�X�F�K�� �D�V�� �F�D�U�R�E���� �V�W�D�U�F�K���E�D�V�H�G�� �U�D�Z�� �P�D�W�H�U�L�D�O�V���� �O�H�J�X�P�H�V���� �V�R�\�� �I�O�R�X�U���� �F�K�L�F�R�U�\���� �F�K�R�F�R�O�D�W�H��

�I�O�D�Y�R�U�L�Q�J���� �D�Q�G�� �Y�D�U�L�R�X�V�� �D�G�G�L�W�L�Y�H�V���� �L�V�� �W�K�D�W�� �W�K�H�\�� �G�L�I�I�H�U�� �I�U�R�P�� �Q�D�W�X�U�D�O�� �F�R�F�R�D�� �S�R�Z�G�H�U�� �L�Q�� �R�Q�H�� �R�U�� �P�R�U�H��



�*�H�Q�H�U�D�O���L�Q�W�U�R�G�X�F�W�L�R�Q 

�ï���n���W �� �P �� 
 

�S�U�R�S�H�U�W�L�H�V�����V�X�F�K���D�V���F�R�O�R�U�����Z�D�W�H�U���V�R�O�X�E�L�O�L�W�\�����D�Q�G���F�K�H�P�L�F�D�O���F�R�P�S�R�V�L�W�L�R�Q�����5�L�N�R�Q���D�Q�G���G�H�O���9�D�O�O�H������������������

�)�U�X�L�W���E�\���S�U�R�G�X�F�W�V���P�L�J�K�W���V�H�U�Y�H�� �D�V�� �D�� �S�D�U�W�L�D�O�� �V�X�E�V�W�L�W�X�W�H���I�R�U�� �F�R�F�R�D�� �S�R�Z�G�H�U���L�Q�� �F�R�R�N�L�H�V���� �+�R�Z�H�Y�H�U���� �Q�R��

�H�[�L�V�W�L�Q�J���V�W�X�G�\���K�D�V���H�[�S�O�R�U�H�G���W�K�H���S�R�W�H�Q�W�L�D�O���R�I���V�X�E�V�W�L�W�X�W�L�Q�J���F�R�F�R�D���S�R�Z�G�H�U���Z�L�W�K���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V�� 

�3�D�F�N�D�J�L�Q�J���S�O�D�\�V���D�Q���L�P�S�R�U�W�D�Q�W���U�R�O�H���L�Q���W�K�H���P�D�U�N�H�W�L�Q�J���D�Q�G���V�K�H�O�I���O�L�I�H���R�I���F�R�R�N�L�H�V�����$�V���D���U�H�V�X�O�W���R�I��

�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�Q�I�O�X�H�Q�F�H�V���G�X�U�L�Q�J���V�W�R�U�D�J�H�����V�X�F�K���D�V���H�[�S�R�V�X�U�H���W�R���O�L�J�K�W���D�Q�G���R�[�\�J�H�Q�����W�K�H���I�D�W���F�R�Q�W�H�Q�W���R�I��

�I�D�W���U�L�F�K���F�R�R�N�L�H�V���F�D�Q���X�Q�G�H�U�J�R���Q�R�W�D�E�O�H���F�K�D�Q�J�H�V�����'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���O�H�Y�H�O���R�I���H�[�S�R�V�X�U�H���W�K�L�V���F�D�Q���O�H�D�G�����W�R��

�D���U�H�G�X�F�W�L�R�Q���L�Q���E�R�W�K���W�K�H���T�X�D�O�L�W�\���D�Q�G���Q�X�W�U�L�W�L�R�Q�D�O���Y�D�O�X�H���R�I���W�K�H���S�U�R�G�X�F�W�����/�X���	���;�X�������������������+�H�Q�F�H�����W�K�H��

�F�U�X�F�L�D�O�� �D�V�S�H�F�W�� �I�R�U�� �S�D�F�N�D�J�L�Q�J�� �P�D�W�H�U�L�D�O�V�� �L�V�� �W�K�H�L�U�� �F�D�S�D�E�L�O�L�W�\�� �W�R�� �H�V�W�D�E�O�L�V�K�� �V�W�U�R�Q�J�� �E�D�U�U�L�H�U�V�� �D�J�D�L�Q�V�W�� �W�K�H��

�L�Q�I�L�O�W�U�D�W�L�R�Q�� �R�I�� �R�[�\�J�H�Q�� �D�Q�G�� �Z�D�W�H�U�� �Y�D�S�R�U�� ���*�D�O�L�ü�� �H�W�� �D�O������ �������������� �2�U�L�H�Q�W�H�G�� �S�R�O�\�S�U�R�S�\�O�H�Q�H�� ���2�3�3���� �D�Q�G��

�P�H�W�D�O�L�]�H�G���S�R�O�\�P�H�U�V���K�D�Y�H���H�P�H�U�J�H�G���D�V���W�K�H���S�U�L�P�D�U�\���V�H�O�H�F�W�L�R�Q�V���L�Q���W�K�H���G�R�P�D�L�Q���R�I���F�R�P�P�H�U�F�L�D�O���F�R�R�N�L�H��

�S�D�F�N�D�J�L�Q�J�����*�D�O�L�ü���H�W���D�O���������������������%�H�V�L�G�H�V�����W�K�H���J�U�R�Z�L�Q�J���D�Z�D�U�H�Q�H�V�V���D�Q�G���W�L�J�K�W�H�Q�L�Q�J���R�I���U�H�J�X�O�D�W�L�R�Q�V���R�Q��

�V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �L�Q�� �S�U�R�G�X�F�W�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�Q�G�� �L�Q�G�X�V�W�U�L�D�O�� �S�U�D�F�W�L�F�H�V�� �K�D�Y�H���L�Q�F�U�H�D�V�H�G���W�K�H���L�Q�W�H�U�H�V�W�� �L�Q��

�L�Q�Q�R�Y�D�W�L�Y�H���S�D�F�N�D�J�L�Q�J���R�S�W�L�R�Q�V�����V�X�F�K���D�V���H�G�L�E�O�H���D�Q�G���E�L�R�G�H�J�U�D�G�D�E�O�H���I�L�O�P�V�����'�H�Y�H�O�R�S�P�H�Q�W�V���L�Q���W�K�L�V���D�U�H�D��

�V�K�R�Z�� �S�R�W�H�Q�W�L�D�O�� �I�R�U�� �G�H�F�U�H�D�V�L�Q�J�� �W�K�H�� �Z�L�G�H�V�S�U�H�D�G�� �X�V�H�� �R�I�� �G�L�V�S�R�V�D�E�O�H�� �S�D�F�N�D�J�L�Q�J�����Z�K�L�F�K�� �F�D�Q���O�H�D�G���W�R�� �D��

�G�H�F�U�H�D�V�H���L�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�P�S�D�F�W���D�Q�G���F�D�U�E�R�Q���H�P�L�V�V�L�R�Q�V�����$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H�L�U���X�V�H���F�D�Q���V�L�J�Q�L�I�L�F�D�Q�W�O�\��

�L�P�S�U�R�Y�H���S�U�R�G�X�F�W���T�X�D�O�L�W�\���L�Q���V�H�Y�H�U�D�O���Z�D�\�V�����E�\���S�U�H�Y�H�Q�W�L�Q�J���P�R�L�V�W�X�U�H���O�R�V�V�����U�H�G�X�F�L�Q�J���J�D�V���S�H�U�P�H�D�E�L�O�L�W�\����

�F�R�Q�W�U�R�O�O�L�Q�J���P�L�J�U�D�W�L�R�Q���R�I���Z�D�W�H�U���V�R�O�X�E�O�H���V�X�E�V�W�D�Q�F�H�V�����D�Q�G���L�Q�F�R�U�S�R�U�D�W�L�Q�J���I�X�Q�F�W�L�R�Q�D�O���L�Q�J�U�H�G�L�H�Q�W�V���V�X�F�K��

�D�V���Y�L�W�D�P�L�Q�V�����P�L�Q�H�U�D�O�V�����D�Q�W�L�R�[�L�G�D�Q�W�V���L�Q�W�R���H�G�L�E�O�H���I�L�O�P�V�����9�X�M�N�R�Y�L�ü���H�W���D�O�������������������� 

�&�R�Q�V�X�P�L�Q�J���F�R�R�N�L�H�V���K�L�J�K���L�Q���V�X�J�D�U���D�Q�G���V�D�W�X�U�D�W�H�G���I�D�W���L�Q���K�L�J�K���D�P�R�X�Q�W�V���L�Q�F�U�H�D�V�H�V���K�H�D�O�W�K���U�L�V�N�V��

�L�Q�F�O�X�G�L�Q�J�� �F�D�U�G�L�R�Y�D�V�F�X�O�D�U�� �G�L�V�H�D�V�H�V�����&�9�'�V���� �D�Q�G�� �W�\�S�H�� �,�,�� �G�L�D�E�H�W�H�V���P�H�O�O�L�W�X�V�����'�L�1�L�F�R�O�D�Q�W�R�Q�L�R�� �H�W�� �D�O������

���������������&�9�'�V���D�U�H���D���V�L�J�Q�L�I�L�F�D�Q�W���F�D�X�V�H���R�I���S�U�H�P�D�W�X�U�H���G�H�D�W�K���L�Q���(�X�U�R�S�H�����D�F�F�R�U�G�L�Q�J���W�R���W�K�H���:�R�U�O�G���+�H�D�O�W�K��

�2�U�J�D�Q�L�]�D�W�L�R�Q�����%�H�Q�M�D�P�L�Q���H�W���D�O���������������������:�K�L�O�H���F�R�R�N�L�H���F�R�Q�V�X�P�S�W�L�R�Q���D�I�I�H�F�W�V���E�O�R�R�G���J�O�X�F�R�V�H���D�Q�G���O�L�S�L�G��

�O�H�Y�H�O�V�����L�W���L�V���W�K�H���R�[�L�G�D�W�L�R�Q���R�I���O�R�Z���G�H�Q�V�L�W�\���O�L�S�R�S�U�R�W�H�L�Q�����/�'�/ �����F�K�R�O�H�V�W�H�U�R�O���W�K�D�W���S�U�L�P�D�U�L�O�\���F�R�Q�W�U�L�E�X�W�H�V��

�W�R���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���&�9�'�V�����'�L�1�L�F�R�O�D�Q�W�R�Q�L�R���H�W���D�O���������������������5�H�V�H�D�U�F�K���L�Q�G�L�F�D�W�H�V���W�K�D�W���F�H�U�W�D�L�Q���I�R�R�G��

�L�Q�J�U�H�G�L�H�Q�W�V���O�L�N�H���F�R�F�R�D���S�R�Z�G�H�U�����R�O�L�Y�H���R�L�O�����J�U�D�S�H�V�����Z�L�Q�H�����J�U�D�S�H���V�H�H�G���H�[�W�U�D�F�W�����D�Q�G���D�U�R�Q�L�D���F�D�Q���L�Q�K�L�E�L�W��

�/�'�/�� �F�K�R�O�H�V�W�H�U�R�O�� �R�[�L�G�D�W�L�R�Q���� �S�R�W�H�Q�W�L�D�O�O�\���O�H�D�G�L�Q�J�� �W�R�� �D���U�H�G�X�F�H�G���&�9�'�� �U�L�V�N�����7�D�K�H�U�L�� �H�W�� �D�O������ ��������������

�1�H�Y�H�U�W�K�H�O�H�V�V�����D���J�D�S���L�Q���W�K�H���O�L�W�H�U�D�W�X�U�H���K�D�V���E�H�H�Q���L�G�H�Q�W�L�I�L�H�G���U�H�J�D�U�G�L�Q�J���W�K�H���L�P�S�D�F�W���R�I���F�R�Q�V�X�P�L�Q�J���F�R�R�N�L�H�V��

�H�Q�U�L�F�K�H�G���Z�L�W�K���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���R�Q���W�K�H���/�'�/���F�K�R�O�H�V�W�H�U�R�O���R�[�L�G�D�W�L�R�Q�����K�L�J�K�O�L�J�K�W�L�Q�J���D���Q�H�H�G���I�R�U���I�X�U�W�K�H�U��

�L�Q�Y�H�V�W�L�J�D�W�L�R�Q���L�Q���W�K�L�V���D�U�H�D�� 

�8�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�H���F�R�Q�V�X�P�H�U�V���P�R�W�L�Y�D�W�L�R�Q�� �E�H�K�L�Q�G�� �F�K�R�R�V�L�Q�J�� �I�X�Q�F�W�L�R�Q�D�O�� �R�U�� �V�X�V�W�D�L�Q�D�E�O�H��

���X�S�F�\�F�O�H�G�����I�R�R�G���L�V���F�U�X�F�L�D�O���I�R�U���W�K�H���J�U�R�Z�W�K���R�I���D���P�R�U�H���V�X�V�W�D�L�Q�D�E�O�H���L�Q�G�X�V�W�U�\�����6�X�N�E�R�R�Q�\�D�V�D�W�L�W������������������



�*�H�Q�H�U�D�O���L�Q�W�U�R�G�X�F�W�L�R�Q 

�ð���n���W �� �P �� 
 

�3�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V�� �H�[�S�O�R�U�H�G�� �D�Q�G�� �F�O�D�U�L�I�L�H�G�� �F�R�Q�V�X�P�H�U�� �E�H�K�D�Y�L�R�X�U�� �F�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �S�X�U�F�K�D�V�H�� �L�Q�W�H�Q�W�L�R�Q����

�D�F�F�H�S�W�D�Q�F�H���� �D�Q�G�� �F�R�Q�V�X�P�S�W�L�R�Q�� �R�I�� �F�R�R�N�L�H�V�� ���1�\�V�W�U�D�Q�G�� �D�Q�G�� �2�O�V�H�Q���� ������������ �6�L�H�O�L�F�N�D���5�y�]�\�Q�V�N�D�� �H�W�� �D�O������

���������������F�R�Q�V�L�G�H�U�L�Q�J���I�D�F�W�R�U�V���O�L�N�H���V�H�Q�V�R�U�\���D�S�S�H�D�O�����G�H�P�R�J�U�D�S�K�L�F�V�����S�H�U�F�H�L�Y�H�G���E�H�Q�H�I�L�W�V�����D�Q�G���P�D�U�N�H�W�L�Q�J��

�V�W�U�D�W�H�J�L�H�V�����'�H�D�Q���H�W���D�O�������������������.�U�D�X�V������������������ 

�:�K�L�O�H�� �I�D�F�W�R�U�V�� �V�X�F�K�� �D�V�� �D�Y�D�L�O�D�E�L�O�L�W�\���� �T�X�D�O�L�W�\���� �E�U�D�Q�G���� �Q�R�Y�H�O�W�\���� �S�D�F�N�D�J�L�Q�J���� �D�Q�G�� �S�U�L�F�L�Q�J���Z�H�U�H��

�S�U�R�Y�H�Q���W�R���L�Q�I�O�X�H�Q�F�H���F�R�Q�V�X�P�H�U���K�D�E�L�W�V�����3�X�H�U�W�D���H�W���D�O���������������D�������R�Q�O�\���D���O�L�P�L�W�H�G���Q�X�P�E�H�U���R�I���V�W�X�G�L�H�V���K�D�V��

�H�[�D�P�L�Q�H�G���W�K�H���P�D�U�N�H�W���Y�L�D�E�L�O�L�W�\���R�I���I�X�Q�F�W�L�R�Q�D�O���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���F�R�R�N�L�H�V��



 

�ñ���n���W �� �P �� 
 

 

 
 
 

�&�K�D�S�W�H�U���� 
�7�K�H�R�U�H�W�L�F�D�O���E�D�F�N�J�U�R�X�Q�G 
1. Ready-to-eat food �± Cookies 

2. Cocoa �± composition, health benefits and the need for sustainable alternatives 

3. Fruit by -products �± new functional and sustainable ingredients 

3.1. Aronia and grape �± composition, health benefits and food applications 

3.1.1. Aronia 

3.1.2. Grape 

�������&�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�V���±���W�K�H���U�R�O�H���R�I���R�[�L�G�L�]�H�G���O�R�Z���G�H�Q�V�L�W�\���O�L�S�R�S�U�R�W�H�L�Q�����R�[�/�'�/��  

�����������*�U�D�S�H���D�Q�G���D�U�R�Q�L�D���±���S�U�R�W�H�F�W�L�Y�H���S�U�R�S�H�U�W�L�H�V���D�J�D�L�Q�V�W���F�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�V 

�������6�W�D�U�F�K���G�L�J�H�V�W�L�E�L�O�L�W�\ 

�������%�L�R�S�R�O�\�P�H�U�V���D�V���V�X�V�W�D�L�Q�D�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H�V���L�Q���W�K�H���I�R�R�G���S�D�F�N�D�J�L�Q�J���L�Q�G�X�V�W�U�\ 

�����������&�K�L�W�R�V�D�Q 

�����������*�X�P���D�U�D�E�L�F 

7. Consumer attitude towards sustainability 

�������+�\�S�R�W�K�H�V�L�V�����U�H�V�H�D�U�F�K���R�E�M�H�F�W�L�Y�H�V�����D�Q�G���H�[�S�H�F�W�H�G���V�F�L�H�Q�W�L�I�L�F���F�R�Q�W�U�L�E�X�W�L�R�Q



�7�K�H�R�U�H�W�L�F�D�O���E�D�F�N�J�U�R�X�Q�G 

�ò���n���W �� �P �� 
 

1. Ready-to-eat food �± Cookies 

�&�R�R�N�L�H�V���K�D�Y�H���E�H�F�R�P�H���S�R�S�X�O�D�U���F�H�U�H�D�O���E�D�V�H�G���S�U�R�G�X�F�W�V���D�S�S�U�H�F�L�D�W�H�G���E�\�� �E�R�W�K���W�K�H���\�R�X�Q�J���D�Q�G��

�H�O�G�H�U�O�\���G�X�H�� �W�R���W�K�H�L�U�� �Q�X�W�U�L�H�Q�W�� �F�R�Q�W�H�Q�W�����V�D�W�L�V�I�\�L�Q�J���K�X�P�D�Q�� �F�U�D�Y�L�Q�J�V�� �I�R�U�� �V�X�J�D�U�� �D�Q�G�� �F�K�R�F�R�O�D�W�H�����E�H�L�Q�J��

�D�Y�D�L�O�D�E�O�H�� �L�Q���G�L�Y�H�U�V�H�� �V�K�D�S�H�V�� �D�Q�G�� �I�O�D�Y�R�U�V���� �F�R�Q�Y�H�Q�L�H�Q�W�� �U�H�D�G�\���W�R���H�D�W�� �I�R�U�P�D�W�V���� �D�Q�G���G�X�H�� �W�R�� �W�K�H�L�U���O�R�Q�J��

�V�K�H�O�I���O�L�I�H�����$�M�L�O�D�� �H�W�� �D�O������ ������������ �&�U�R�I�W�R�Q���D�Q�G���6�F�D�Q�Q�H�O�O���� ���������������1�R�Z�D�G�D�\�V���� �F�R�R�N�L�H�V�� �V�H�U�Y�H�� �Y�D�U�L�R�X�V��

�S�X�U�S�R�V�H�V���I�U�R�P���I�X�Q�F�W�L�R�Q�L�Q�J���D�V���O�X�[�X�U�L�R�X�V���J�L�I�W���R�U���D�V���D���F�R�Q�Y�H�Q�L�H�Q�W���V�Q�D�F�N���W�R���E�H�L�Q�J���X�V�H�G���D�V���S�H�W���I�R�R�G���I�R�U��

�G�R�J�V���D�Q�G���F�D�W�V�����$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H�\���D�U�H���X�V�H�G���D�V���G�H�F�R�U�D�W�L�Y�H���L�W�H�P�V�����L�Q�F�R�U�S�R�U�D�W�L�Q�J���L�Q�J�U�H�G�L�H�Q�W�V���V�X�F�K���D�V��

�F�K�R�F�R�O�D�W�H�����F�U�H�D�P�����Q�X�W�V�����D�Q�G���D���Y�D�U�L�H�W�\���R�I���I�O�D�Y�R�U�V�����$�U�H�S�D�O�O�\���H�W���D�O������������������ 

�:�L�W�K�L�Q���W�K�H���I�D�V�W���P�R�Y�L�Q�J���F�R�Q�V�X�P�H�U���J�R�R�G�V���F�D�W�H�J�R�U�\�����W�K�H���F�R�R�N�L�H���P�D�U�N�H�W���V�W�D�Q�G�V���R�X�W���D�V���R�Q�H���R�I��

�W�K�H�� �O�H�D�G�L�Q�J�� �V�H�F�W�R�U�V�� ���$�S�H�G�D���� �������������� �3�U�R�M�H�F�W�L�R�Q�V�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �(�X�U�R�S�H�D�Q�� �F�R�R�N�L�H�� �F�R�Q�V�X�P�S�W�L�R�Q�� �L�V��

�H�[�S�H�F�W�H�G���W�R���U�H�D�F�K���������E�L�O�O�L�R�Q���N�L�O�R�J�U�D�P�V���E�\���������������Z�K�L�F�K���P�H�D�Q�V���D���������������\�H�D�U���R�Q���\�H�D�U���L�Q�F�U�H�D�V�H�����,�Q��

�������������W�K�H���8�Q�L�W�H�G���.�L�Q�J�G�R�P���W�R�R�N���W�K�H���O�H�D�G���L�Q���F�R�R�N�L�H���F�R�Q�V�X�P�S�W�L�R�Q�����U�H�D�F�K�L�Q�J�����������E�L�O�O�L�R�Q���N�L�O�R�J�U�D�P�V����

�I�R�O�O�R�Z�H�G���E�\���6�S�D�L�Q�����,�W�D�O�\�����D�Q�G���)�U�D�Q�F�H�����5�H�S�R�U�W�/�L�Q�N�H�U���������������� 

�0�D�L�Q�� �L�Q�J�U�H�G�L�H�Q�W�V���X�V�H�G���L�Q�� �F�R�R�N�L�H�� �I�R�U�P�X�O�D�W�L�R�Q�V�� �L�Q�F�O�X�G�H�� �I�O�R�X�U���� �I�D�W�� �R�U�� �R�L�O���� �V�X�J�D�U���� �Z�D�W�H�U���� �D�Q�G��

�U�D�L�V�L�Q�J���D�J�H�Q�W�V���V�X�F�K�� �D�V���V�R�G�L�X�P�� �E�L�F�D�U�E�R�Q�D�W�H���R�U���D�P�P�R�Q�L�X�P�� �E�L�F�D�U�E�R�Q�D�W�H���� �6�H�F�R�Q�G�D�U�\�� �L�Q�J�U�H�G�L�H�Q�W�V��

�L�Q�F�O�X�G�H�� �E�X�W�� �D�U�H�� �Q�R�W�� �O�L�P�L�W�H�G�� �W�R���V�D�O�W���� �H�J�J���� �H�P�X�O�V�L�I�L�H�U���� �P�L�O�N�� �S�R�Z�G�H�U���� �D�Q�G�� �I�O�D�Y�R�U�L�Q�J�� �F�R�P�S�R�X�Q�G�V����

�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���&�U�R�D�W�L�D�Q���U�H�J�X�O�D�W�L�R�Q���F�R�R�N�L�H�V���D�U�H�� �E�D�N�H�G���S�U�R�G�X�F�W�V���P�D�G�H���I�U�R�P���V�K�D�S�H�G���V�R�I�W���G�R�X�J�K��

�Z�L�W�K���D���P�L�Q�L�P�X�P���R�I�������������I�D�W���D�Q�G���D���P�D�[�L�P�X�P���R�I�����������Z�D�W�H�U�����2�I�I�L�F�L�D�O���*�D�]�H�W�W�H���Q�R�������������������������&�R�R�N�L�H��

�F�R�Q�V�X�P�S�W�L�R�Q���L�V���S�R�S�X�O�D�U���D�O�W�K�R�X�J�K���F�R�Q�V�X�P�H�U�V���D�X�W�R�P�D�W�L�F�D�O�O�\���S�H�U�F�H�L�Y�H���F�R�R�N�L�H�V���D�V���X�Q�K�H�D�O�W�K�\���I�R�R�G���G�X�H��

�W�R���W�K�H�L�U���K�L�J�K���I�D�W���D�Q�G���V�X�J�D�U���F�R�Q�W�H�Q�W���� 

�+�R�Z�H�Y�H�U���� �E�D�V�H�G�� �R�Q�� �S�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V���� �F�R�R�N�L�H�V�� �F�D�Q�� �E�H���L�Q�W�H�J�U�D�W�H�G�� �L�Q�W�R���S�X�E�O�L�F���Q�X�W�U�L�W�L�R�Q�� �V�W�U�D�W�H�J�L�H�V��

�D�L�P�H�G���W�R�� �W�D�F�N�O�H�� �V�H�Y�H�U�D�O�� �Q�X�W�U�L�H�Q�W�� �G�H�I�L�F�L�H�Q�F�L�H�V���D�V�� �Z�H�O�O�� �D�V���F�K�U�R�Q�L�F�� �D�Q�G�� �Q�X�W�U�L�W�L�R�Q�±�U�H�O�D�W�H�G�� �G�L�V�H�D�V�H�V��

���&�D�Q�D�O�L�V���H�W���D�O�������������������V�X�F�K���D�V���F�H�O�L�D�F���G�L�V�H�D�V�H�����G�L�D�E�H�W�H�V���P�H�O�O�L�W�X�V���W�\�S�H���,�,�����R�E�H�V�L�W�\���D�Q�G���F�D�U�G�L�R�Y�D�V�F�X�O�D�U��

�G�L�V�H�D�V�H�V�����.�H�N�D�O�L�K���H�W���D�O�������������������%�X�I�I�L�q�U�H���H�W���D�O�������������������3�X�H�U�W�D���H�W���D�O���������������E�����0�R�O�Q�D�U���H�W���D�O���������������������$�Q��

�L�Q�F�U�H�D�V�L�Q�J�� �G�H�P�D�Q�G�� �I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �F�R�R�N�L�H�V�� �W�K�D�W�� �S�R�V�V�H�V�V�� �W�K�U�H�H�� �N�H�\�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V����

�W�U�D�G�L�W�L�R�Q�D�O���Q�X�W�U�L�W�L�R�Q�D�O���H�O�H�P�H�Q�W�V�����K�H�D�O�W�K���E�H�Q�H�I�L�W�V���W�K�U�R�X�J�K���U�H�J�X�O�D�U���F�R�Q�V�X�P�S�W�L�R�Q���D�Q�G���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���D�U�H��

�G�H�V�F�U�L�E�H�G���E�\���$�U�H�S�D�O�O�\���H�W���D�O���������������� 

 

 

 

 



�7�K�H�R�U�H�W�L�F�D�O���E�D�F�N�J�U�R�X�Q�G 

�ó���n���W �� �P �� 
 

2. Cocoa �± composition, health benefits and the need for sustainable alternatives 
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�P�L�Q�L�P�L�]�H�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�P�S�D�F�W�V�����/�R�X�O�O�L�V�� �D�Q�G�� �3�L�Q�D�N�R�X�O�D�N�L���� ���������������/�L�P�L�W�H�G�� �U�H�V�H�D�U�F�K�� �K�D�V�� �E�H�H�Q��

�F�R�Q�G�X�F�W�H�G���R�Q���W�K�H���H�[�S�O�R�U�D�W�L�R�Q���R�I���V�X�E�V�W�L�W�X�W�H�V���I�R�U���F�R�F�R�D���S�R�Z�G�H�U�����&�X�U�U�H�Q�W�O�\�����F�R�P�P�H�U�F�L�D�O�O�\���D�Y�D�L�O�D�E�O�H��

�D�O�W�H�U�Q�D�W�L�Y�H�V���L�Q�F�O�X�G�H���V�W�D�U�F�K���E�D�V�H�G���P�D�W�H�U�L�D�O�V�����O�H�J�X�P�H�V�����V�R�\���I�O�R�X�U�����F�K�L�F�R�U�\�����F�K�R�F�R�O�D�W�H���I�O�D�Y�R�U�L�Q�J�����D�Q�G��

�Y�D�U�L�R�X�V���D�G�G�L�W�L�Y�H�V�����7�K�H���P�D�L�Q���G�L�V�D�G�Y�D�Q�W�D�J�H���R�I���W�K�H�V�H���F�R�F�R�D���V�X�E�V�W�L�W�X�W�H�V���L�V���W�K�H�L�U���G�H�Y�L�D�W�L�R�Q���I�U�R�P���Q�D�W�X�U�D�O��

�F�R�F�R�D���S�R�Z�G�H�U���L�Q���W�H�U�P�V���R�I���F�R�O�R�U�����Z�D�W�H�U���V�R�O�X�E�L�O�L�W�\�����D�Q�G���F�K�H�P�L�F�D�O���F�R�P�S�R�V�L�W�L�R�Q�����5�L�N�R�Q���D�Q�G���G�H�O���9�D�O�O�H����

���������������&�D�U�R�E�� �I�O�R�X�U�� �H�P�H�U�J�H�V�� �D�V�� �D�Q�� �H�F�R�Q�R�P�L�F�D�O�O�\�� �I�H�D�V�L�E�O�H�� �D�O�W�H�U�Q�D�W�L�Y�H�� �W�R�� �F�R�F�R�D�� ���/�R�X�O�O�L�V�� �D�Q�G��

�3�L�Q�D�N�R�X�O�D�N�L���� �������������� �F�D�S�D�E�O�H�� �R�I�� �U�H�S�O�D�F�L�Q�J�� �X�S�� �W�R�� ���������� �R�I���W�K�H���F�R�F�R�D�� �S�R�Z�G�H�U�� �L�Q�� �F�R�R�N�L�H�V�� �Z�L�W�K�R�X�W��

�V�X�E�V�W�D�Q�W�L�D�O�O�\�� �D�O�W�H�U�L�Q�J�� �W�K�H�� �I�O�D�Y�R�U�� �S�U�R�I�L�O�H�� ���0�D�Q�O�H�\���� ���������������:�K�L�O�H�� �F�D�U�R�E�� �L�V�� �D�Q�� �D�S�S�H�D�O�L�Q�J�� �F�R�F�R�D��

�V�X�E�V�W�L�W�X�W�H�� �G�X�H�� �W�R�� �L�W�V�� �V�L�P�L�O�D�U�� �S�K�\�W�R�F�K�H�P�L�F�D�O�� �F�R�Q�W�H�Q�W���� �L�W�� �F�R�Q�W�D�L�Q�V�� �D�E�X�Q�G�D�Q�W�� �F�R�Q�G�H�Q�V�H�G�� �W�D�Q�Q�L�Q�V����

�F�R�Q�W�U�L�E�X�W�L�Q�J�� �W�R�� �D�� �S�H�U�V�L�V�W�H�Q�W�� �D�I�W�H�U�W�D�V�W�H�� �R�I�� �W�K�H�� �S�U�R�G�X�F�W�� ���6�L�O�D�Q�L�N�R�Y�H�� �H�W�� �D�O������ �������������� �1�H�Y�H�U�W�K�H�O�H�V�V���� �Q�R��

�H�[�L�V�W�L�Q�J�� �V�W�X�G�\�� �H�[�S�O�R�U�H�G�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�� �R�I�� �V�X�E�V�W�L�W�X�W�L�Q�J�� �F�R�F�R�D�� �S�R�Z�G�H�U�� �Z�L�W�K�� �I�U�X�L�W���E�\���S�U�R�G�X�F�W�V����

�H�P�S�K�D�V�L�]�L�Q�J���W�K�H���Q�H�H�G���W�R���L�G�H�Q�W�L�I�\���D���F�R�F�R�D���U�H�S�O�D�F�H�P�H�Q�W���W�K�D�W���Q�R�W���R�Q�O�\���S�U�H�V�H�U�Y�H�V���E�X�W���H�Q�K�D�Q�F�H�V���V�H�Q�V�R�U�\��

�D�W�W�U�L�E�X�W�H�V�� 
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3. Fruit by -products �± new functional and sustainable ingredients  

�,�Q�� �G�H�Y�H�O�R�S�L�Q�J�� �F�R�X�Q�W�U�L�H�V���� �F�R�Q�F�H�U�Q�V�� �D�E�R�X�W�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �L�Q�F�O�X�G�L�Q�J�� �I�R�R�G�� �Z�D�V�W�H�� �D�Q�G�� �W�K�H��

�G�L�V�S�R�V�D�O���R�I���L�Q�G�X�V�W�U�L�D�O���U�H�V�L�G�X�H�V�����D�U�H���F�K�D�O�O�H�Q�J�L�Q�J�����:�+�2 �������������������5�H�F�R�J�Q�L�]�L�Q�J���W�K�H�V�H���L�V�V�X�H�V�����W�K�H���8�Q�L�W�H�G��

�1�D�W�L�R�Q�V�¶�������������$�J�H�Q�G�D���H�P�S�K�D�V�L�]�H�V���W�K�H���Q�H�F�H�V�V�L�W�\���R�I���G�H�Y�H�O�R�S�L�Q�J���V�X�V�W�D�L�Q�D�E�O�H���I�R�R�G���V�\�V�W�H�P�V���W�R���S�U�R�Y�L�G�H��

�Q�X�W�U�L�W�L�R�X�V�� �G�L�H�W�V�� �I�R�U�� �D�� �J�U�R�Z�L�Q�J�� �S�R�S�X�O�D�W�L�R�Q�� ���3�D�X�F�D�U���0�H�Q�D�F�K�R���� �������������� �)�X�U�W�K�H�U�P�R�U�H���� �W�K�H�� �(�X�U�R�S�H�D�Q��

�8�Q�L�R�Q�� �D�L�P�V�� �W�R�� �U�H�G�X�F�H���I�R�R�G�� �Z�D�V�W�H���S�H�U�� �F�D�S�L�W�D�� �E�\�� �K�D�O�I�� �E�\�� �������������Z�L�W�K���L�P�S�O�H�P�H�Q�W�L�Q�J�� �L�Q�Q�R�Y�D�W�L�Y�H��

�D�S�S�U�R�D�F�K�H�V���I�R�U���W�K�H���U�H�F�\�F�O�L�Q�J���R�I���I�R�R�G���Z�D�V�W�H�����6�W�H�Q�P�D�U�F�N���H�W���D�O���������������������*�L�Y�H�Q���W�K�D�W���W�K�H���D�J�U�R���L�Q�G�X�V�W�U�\��

�J�H�Q�H�U�D�W�H�V�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������ ���� �R�I���R�U�J�D�Q�L�F�� �Z�D�V�W�H���U�L�F�K�� �L�Q�� �Y�D�O�X�D�E�O�H�� �E�L�R�D�F�W�L�Y�H�� �F�R�P�S�R�X�Q�G�V�����K�D�V��

�S�U�R�P�S�W�H�G���F�R�P�S�D�Q�L�H�V���W�R���H�[�S�O�R�U�H���W�K�H���X�V�H���R�I���I�R�R�G���E�\���S�U�R�G�X�F�W�V���D�V���I�X�Q�F�W�L�R�Q�D�O���I�R�R�G�V���Z�L�W�K���W�K�H���D�L�P���R�I��

�P�L�W�L�J�D�W�L�Q�J���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�P�S�D�F�W���R�I���W�K�H���I�R�R�G���S�U�R�G�X�F�W�L�R�Q�����&�R�P�X�Q�L�D�Q���H�W���D�O������������������ 

�)�U�X�L�W�V�� �D�Q�G�� �W�K�H�L�U�� �E�\���S�U�R�G�X�F�W�V�� �S�U�R�Y�L�G�H���Q�X�P�H�U�R�X�V���E�H�Q�H�I�L�F�L�D�O���F�R�P�S�R�Q�H�Q�W�V�� �E�H�\�R�Q�G�� �W�K�H�L�U��

�P�D�F�U�R�Q�X�W�U�L�H�Q�W�������F�D�U�E�R�K�\�G�U�D�W�H�V���� �S�U�R�W�H�L�Q�V���� �D�Q�G�� �I�D�W�V���� �D�Q�G�� �P�L�F�U�R�Q�X�W�U�L�H�Q�W�� ���Y�L�W�D�P�L�Q�V�� �D�Q�G�� �P�L�Q�H�U�D�O�V����

�F�R�P�S�R�V�L�W�L�R�Q�����7�K�H�V�H���F�R�P�S�R�Q�H�Q�W�V���F�R�Q�V�L�V�W���R�I���E�L�R�D�F�W�L�Y�H���F�R�P�S�R�X�Q�G�V���O�L�N�H���F�D�U�R�W�H�Q�R�L�G�V�����V�W�H�U�R�O�V�����S�K�H�Q�R�O�L�F��

�F�R�P�S�R�X�Q�G�V�����F�R�P�S�U�L�V�L�Q�J���E�R�W�K���I�O�D�Y�R�Q�R�L�G�V���D�Q�G���Q�R�Q���I�O�D�Y�R�Q�R�L�G�V�������D�Q�G���G�L�H�W�D�U�\���I�L�E�H�U�����6�D�\�D�J�R���$�\�H�U�G�L����

�H�W���D�O���������������������$�V���D���U�H�V�X�O�W�����E�\���S�U�R�G�X�F�W�V���J�H�Q�H�U�D�W�H�G���G�X�U�L�Q�J���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���I�U�X�L�W���M�X�L�F�H���F�D�Q���E�H���X�W�L�O�L�]�H�G��

�D�V���H�F�R�Q�R�P�L�F�D�O���V�R�X�U�F�H�V���R�I���G�L�H�W�D�U�\���I�L�E�H�U���D�Q�G���S�R�O�\�S�K�H�Q�R�O�V���L�Q���W�K�H���P�D�Q�X�I�D�F�W�X�U�L�Q�J���R�I���F�R�R�N�L�H�V�����3�U�R�N�R�S�R�Y��

�H�W���D�O���������������������0�D�Q�\���V�F�L�H�Q�W�L�I�L�F���V�W�X�G�L�H�V���K�D�Y�H���E�H�H�Q���F�R�Q�G�X�F�W�H�G�����I�R�F�X�V�L�Q�J���R�Q���W�K�H���S�D�U�W�L�D�O���V�X�E�V�W�L�W�X�W�L�R�Q���R�I��

�Z�K�H�D�W�� �I�O�R�X�U�� �Z�L�W�K�� �I�U�X�L�W�� �E�\���S�U�R�G�X�F�W�V�� ���7�D�E�O�H�� �������� �7�K�H�L�U�� �S�U�L�P�D�U�\�� �H�P�S�K�D�V�L�V���Z�D�V�� �W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H��

�S�K�\�V�L�F�R�F�K�H�P�L�F�D�O���D�Q�G���V�H�Q�V�R�U�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���S�U�R�G�X�F�W�V���H�Q�U�L�F�K�H�G���Z�L�W�K���E�\���S�U�R�G�X�F�W�V���I�U�R�P���V�S�H�F�L�I�L�F��

�I�U�X�L�W���Y�D�U�L�H�W�L�H�V���R�U���R�W�K�H�U���V�R�X�U�F�H�V�����+�R�Z�H�Y�H�U�����G�H�V�S�L�W�H���D�Q���H�[�W�H�Q�V�L�Y�H���U�H�Y�L�H�Z���R�I���W�K�H���H�[�L�V�W�L�Q�J���O�L�W�H�U�D�W�X�U�H�����Q�R��

�S�X�E�O�L�V�K�H�G�� �V�W�X�G�L�H�V���F�R�X�O�G�� �E�H���L�G�H�Q�W�L�I�L�H�G�� �W�K�D�W�� �D�G�G�U�H�V�V�� �W�K�H�� �H�Q�U�L�F�K�P�H�Q�W�� �R�I�� �F�R�R�N�L�H�V�� �Z�L�W�K�� �E�\���S�U�R�G�X�F�W�V��

�G�H�U�L�Y�H�G���I�U�R�P���D�U�R�Q�L�D���D�Q�G���J�U�D�S�H���V�L�P�X�O�W�D�Q�H�R�X�V�O�\�� 
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�7�D�E�O�H���������6�X�P�P�D�U�\���R�I���V�W�X�G�L�H�V���X�V�L�Q�J���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���I�R�U���S�D�U�W�L�D�O���V�X�E�V�W�L�W�X�W�L�R�Q���R�I���Z�K�H�D�W���I�O�R�X�U 

�)�U�X�L�W���E�\���S�U�R�G�X�F�W �'�R�V�D�J�H�����I�O�R�X�U��

�Z�H�L�J�K�W�� 

�0�D�M�R�U���I�L�Q�G�L�Q�J�V �5�H�I�H�U�H�Q�F�H 

�6�W�U�D�Z�E�H�U�U�L�H�V�����U�H�G��

�F�X�U�U�D�Q�W�V�����D�Q�G��

�U�D�V�S�E�H�U�U�\���S�R�P�D�F�H�� 

������������������������  �9���I�L�E�H�U���F�R�Q�W�H�Q�W���D�Q�G���K�D�U�G�Q�H�V�V �7�D�U�D�V�H�Y�L�þ�L�H�Q�¡���H�W���D�O�������������� 

�%�O�X�H�E�H�U�U�\���S�R�P�D�F�H��

�S�R�Z�G�H�U�� 

������������������  �9���D�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\�����W�R�W�D�O���S�K�H�Q�R�O�L�F��

�F�R�Q�W�H�Q�W�����I�L�E�H�U���F�R�Q�W�H�Q�W 

�7�D�J�O�L�D�Q�L���H�W���D�O�������������� 

�2�U�D�Q�J�H���S�H�H�O���S�R�Z�G�H�U�� ������������������������������  �9���D�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\�����W�R�W�D�O���S�K�H�Q�R�O�L�F��

�F�R�Q�W�H�Q�W�����W�R�W�D�O���I�L�E�H�U�����V�R�O�X�E�O�H���D�Q�G��

�L�Q�V�R�O�X�E�O�H���G�L�H�W�D�U�\���I�L�E�H�U 

�5�D�Q�L���H�W���D�O�������������� 

�%�D�Q�D�Q�D���S�H�H�O���I�O�R�X�U�� ��������������������������������������  �$�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\���D�Q�G���W�R�W�D�O��

�S�K�H�Q�R�O�L�F���F�R�Q�W�H�Q�W���L�P�S�U�R�Y�H�P�H�Q�W���� 

�9���K�D�U�G�Q�H�V�V�����P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W�����D�V�K 

�;���D�P�R�X�Q�W���R�I���S�U�R�W�H�L�Q���D�Q�G���I�D�W 

�;���E�U�L�J�K�W�Q�H�V�V���D�Q�G���\�H�O�O�R�Z�Q�H�V�V 

�6�K�D�I�L���H�W���D�O�������������� 

�3�D�V�V�L�R�Q���I�U�X�L�W���S�H�H�O��

�S�R�Z�G�H�U�� 

������������������������  �9�F�U�X�G�H���I�L�E�H�U���D�Q�G���D�V�K���F�R�Q�W�H�Q�W �*�D�U�F�L�D���H�W���D�O�������������� 

 

�*�U�D�S�H���S�R�P�D�F�H��

�S�R�Z�G�H�U 

������������������������  �9���I�L�E�H�U���D�Q�G���S�U�R�W�H�L�Q���F�R�Q�W�H�Q�W�� 

�,�P�S�U�R�Y�H�G���P�D�L�Q�W�H�Q�D�Q�F�H���R�I���W�H�[�W�X�U�H��

�S�U�R�S�H�U�W�L�H�V���W�K�U�R�X�J�K�R�X�W���V�W�R�U�D�J�H�� 

�7�K�H�D�J�D�U�D�M�D�Q���H�W���D�O�������������� 

������������  �+�L�J�K���S�U�R�W�H�L�Q���F�R�Q�W�H�Q�W�����������������D�Q�G��

�D�S�S�U�R�S�U�L�D�W�H���P�L�F�U�R�E�L�R�O�R�J�L�F�D�O���T�X�D�O�L�W�\���� 

�$�G�H�T�X�D�W�H���S�U�R�G�X�F�W���D�F�F�H�S�W�D�E�L�O�L�W�\���D�Q�G��

�F�R�Q�V�X�P�H�U���Z�L�O�O�L�Q�J�Q�H�V�V���W�R���E�X�\�� 

�)�R�Q�W�D�Q�D���H�W���D�O�������������� 
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3.1. Aronia and grape �± composition, health benefits and food applications 

3.1.1. Aronia 

�$�U�R�Q�L�D�����$�U�R�Q�L�D���P�H�O�D�Q�R�F�D�U�S�D�������D���P�H�P�E�H�U���R�I���W�K�H���5�R�V�D�F�H�D�H���I�D�P�L�O�\�����L�V���Q�D�W�L�Y�H���W�R���W�K�H���H�D�V�W�H�U�Q��

�U�H�J�L�R�Q�V�� �R�I�� �1�R�U�W�K�� �$�P�H�U�L�F�D�� ���%�R�U�R�Z�V�N�D�� �H�W�� �D�O������ �������������� �,�Q�G�L�J�H�Q�R�X�V�� �F�R�P�P�X�Q�L�W�L�H�V�� �K�L�J�K�O�\�� �H�V�W�H�H�P�H�G��

�D�U�R�Q�L�D���D�Q�G���X�W�L�O�L�]�H�G���L�W���W�R���P�D�N�H���W�H�D���I�R�U���W�U�H�D�W�L�Q�J���F�R�O�G�V�����0�R�U�H�R�Y�H�U�����W�K�H���E�D�U�N���Z�D�V���X�V�H�G���I�R�U���L�W�V���D�V�W�U�L�Q�J�H�Q�W��

�S�U�R�S�H�U�W�L�H�V�� ���.�X�O�O�L�Q�J�� �D�Q�G�� �5�D�Y�H�O���� �������������� �7�K�H�� �$�U�R�Q�L�D�� �J�H�Q�X�V�� �F�R�Q�V�L�V�W�V�� �R�I�� �W�Z�R�� �V�S�H�F�L�H�V�����$�U�R�Q�L�D��

�P�H�O�D�Q�R�F�D�U�S�D�����0�L�F�K�[�������(�O�O�L�R�W�����F�R�P�P�R�Q�O�\���N�Q�R�Z�Q���D�V���D�U�R�Q�L�D�����D�Q�G���$�U�R�Q�L�D���D�U�E�X�W�L�I�R�O�L�D�����/�������3�H�U�V�������U�H�G��

�D�U�R�Q�L�D�������.�X�O�O�L�Q�J���D�Q�G���5�D�Y�H�O�������������������N�Q�R�Z�Q���D�V���6�L�E�H�U�L�D�Q���E�O�X�H�E�H�U�U�\�����$�U�R�Q�L�D���E�X�V�K�H�V���W�\�S�L�F�D�O�O�\���U�H�D�F�K���D��

�P�D�[�L�P�X�P���K�H�L�J�K�W���R�I�����������P�H�W�H�U�V���D�Q�G���S�U�R�G�X�F�H���F�O�X�V�W�H�U�V���R�I���������������V�P�D�O�O���Z�K�L�W�H���I�O�R�Z�H�U�V���I�U�R�P���0�D�\���W�R��

�-�X�Q�H�����7�K�H�V�H�� �I�O�R�Z�H�U�V���H�Y�H�Q�W�X�D�O�O�\�� �G�H�Y�H�O�R�S���L�Q�W�R���E�O�D�F�N���E�H�U�U�L�H�V���� �P�H�D�V�X�U�L�Q�J������������ �P�P���L�Q���G�L�D�P�H�W�H�U���D�Q�G��

�Z�H�L�J�K�L�Q�J�� ������������ �J�U�D�P�V�� ���2�F�K�P�L�D�Q�� �H�W�� �D�O������ ���������������' �X�H���W�R�� �W�K�H�L�U�� �W�D�U�W�� �I�O�D�Y�R�U�� �D�Q�G�� �D�V�W�U�L�Q�J�H�Q�F�\�����D�U�R�Q�L�D��

�E�H�U�U�L�H�V�� �D�U�H�� �V�H�O�G�R�P�� �F�R�Q�V�X�P�H�G�� �G�L�U�H�F�W�O�\�� �D�V�� �I�U�H�V�K�� �I�U�X�L�W�� ���%�R�U�R�Z�V�N�D�� �H�W�� �D�O������ ���������������$�U�R�Q�L�D�� �K�D�V�� �J�D�L�Q�H�G��

�S�R�S�X�O�D�U�L�W�\���S�U�L�P�D�U�L�O�\���W�K�U�R�X�J�K���W�K�H���H�[�W�H�Q�V�L�Y�H���S�U�R�G�X�F�W�L�R�Q���R�I���M�X�L�F�H�V�����M�D�P�V�����Z�L�Q�H�V�����O�L�T�X�H�X�U�V�����D�Q�G���E�U�D�Q�G�\��

���.�X�O�O�L�Q�J���D�Q�G���5�D�Y�H�O������������������ 

�$�U�R�Q�L�D���L�V���U�H�F�R�J�Q�L�]�H�G���D�V���R�Q�H���R�I���W�K�H���E�H�U�U�L�H�V���Z�L�W�K���W�K�H���K�L�J�K�H�V�W���S�R�O�\�S�K�H�Q�R�O���F�R�Q�W�H�Q�W�����-�D�N�R�E�H�N���H�W��

�D�O������ ���������������3�U�R�G�X�F�W�V�� �G�H�U�L�Y�H�G�� �I�U�R�P���$�U�R�Q�L�D�� �P�H�O�D�Q�R�F�D�U�S�D���K�D�Y�H�� �E�H�H�Q�� �I�R�X�Q�G�� �W�R�� �U�H�W�D�L�Q�� �V�X�E�V�W�D�Q�W�L�D�O��

�D�P�R�X�Q�W�V���R�I���S�R�O�\�S�K�H�Q�R�O�V���H�Y�H�Q���D�I�W�H�U���S�U�R�F�H�V�V�L�Q�J�����7�R�O�L�ü���H�W���D�O���������������������D�Q�G���W�K�H���W�R�W�D�O���S�R�O�\�S�K�H�Q�R�O���F�R�Q�W�H�Q�W��

�L�Q���D�U�R�Q�L�D���U�D�Q�J�H�V���I�U�R�P�������������W�R�������������P�J�����������J���R�I���G�U�\���P�D�W�W�H�U�����0�D�\�H�U���0�L�H�E�D�F�K���H�W���D�O���������������������7�K�L�V��

�U�H�F�R�J�Q�L�W�L�R�Q���R�U�L�J�L�Q�D�W�H�V���I�U�R�P���L�W�V���H�O�H�Y�D�W�H�G���O�H�Y�H�O�V���R�I���S�U�R�F�\�D�Q�L�G�L�Q�V�����D�Q�W�K�R�F�\�D�Q�L�G�L�Q�V�����D�Q�G���S�K�H�Q�R�O�L�F���D�F�L�G�V����

�Z�L�W�K�� �I�O�D�Y�R�Q�R�O�V�� �S�U�H�V�H�Q�W�L�Q�J���L�Q���O�R�Z�H�U���T�X�D�Q�W�L�W�L�H�V�� ���2�V�]�P�L�D���V�N�L�� �D�Q�G�� �:�R�M�G�\�O�R���� �������������� �$�P�R�Q�J�� �W�K�H�V�H��

�F�R�P�S�R�X�Q�G�V�����S�R�O�\�P�H�U�L�F���S�U�R�F�\�D�Q�L�G�L�Q�V���V�W�D�Q�G���R�X�W���D�V���W�K�H���S�U�H�G�R�P�L�Q�D�Q�W���F�O�D�V�V�����U�H�S�U�H�V�H�Q�W�L�Q�J�������������R�I���W�K�H��

�I�U�X�L�W�¶�V���S�R�O�\�S�K�H�Q�R�O�V�����5�H�V�H�D�U�F�K���V�X�J�J�H�V�W�V���W�K�D�W���D�O�P�R�V�W�������������R�I���D�U�R�Q�L�D�¶�V���D�Q�W�L�R�[�L�G�D�Q�W���S�U�R�S�H�U�W�L�H�V���F�D�Q���E�H��

�D�W�W�U�L�E�X�W�H�G���W�R���S�U�R�F�\�D�Q�L�G�L�Q�V�����'�H�Q�H�Y���H�W���D�O���������������������$�Q�W�K�R�F�\�D�Q�L�Q�V���L�Q���D�U�R�Q�L�D���F�R�Q�W�U�L�E�X�W�H���W�R���D�S�S�U�R�[�L�P�D�W�H�O�\��

���������� �R�I���W�K�H���W�R�W�D�O���S�R�O�\�S�K�H�Q�R�O�V�����S�U�L�P�D�U�L�O�\���F�R�P�S�U�L�V�L�Q�J���D���E�O�H�Q�G���R�I���I�R�X�U���G�L�I�I�H�U�H�Q�W���F�\�D�Q�L�G�L�Q���J�O�\�F�R�V�L�G�H�V����

�����2���J�D�O�D�F�W�R�V�L�G�H�� �������������������� �����2���J�O�X�F�R�V�L�G�H�� ������������������ �����2���D�U�D�E�L�Q�R�V�L�G�H�� �������������������� �D�Q�G�� �����2���[�\�O�R�V�L�G�H��

���������������� ���-�X�U�H�Q�G�L�ü���D�Q�G���â�þ�H�W�D�U���� �������������� �J�L�Y�L�Q�J���D���E�O�D�F�N���� �G�D�U�N���S�X�U�S�O�H���F�R�O�R�U���W�R���W�K�H���I�U�X�L�W�����%�H�V�L�G�H�V���� �E�\��

�S�U�R�G�X�F�W�V���G�H�U�L�Y�H�G���I�U�R�P���D�U�R�Q�L�D���D�U�H���D�E�X�Q�G�D�Q�W���L�Q���G�L�H�W�D�U�\���I�L�E�H�U�����P�D�N�L�Q�J���W�K�H�P���Y�D�O�X�D�E�O�H���L�Q�J�U�H�G�L�H�Q�W�V���I�R�U��

�Q�X�W�U�L�W�L�R�Q�D�O���V�X�S�S�O�H�P�H�Q�W�V���D�Q�G���I�X�Q�F�W�L�R�Q�D�O���I�R�R�G�V�����:�D�Z�H�U���H�W���D�O�������������������� 

�7�K�H�� �K�L�J�K�� �S�U�R�S�R�U�W�L�R�Q�� �R�I�� �S�R�O�\�S�K�H�Q�R�O�V���L�Q�� �D�U�R�Q�L�D�� �F�R�Q�W�U�L�E�X�W�H�V�� �W�R���L�W�V�� �U�R�E�X�V�W�� �D�Q�W�L�R�[�L�G�D�Q�W��

�S�U�R�S�H�U�W�L�H�V���� �H�Y�L�G�H�Q�W���L�Q�� �E�R�W�K�� �W�K�H�� �I�U�X�L�W���D�Q�G�� �L�W�V�� �G�H�U�L�Y�H�G�� �S�U�R�G�X�F�W�V�� ���7�R�O�L�ü�� �H�W�� �D�O������ ���������������$�V�� �Y�H�U�L�I�L�H�G���E�\��

�Y�D�U�L�R�X�V���L�Q���Y�L�Y�R���D�Q�G���L�Q���Y�L�W�U�R���V�W�X�G�L�H�V�����$�U�R�Q�L�D�¶�V���S�U�L�P�D�U�\���S�R�O�\�S�K�H�Q�R�O�L�F���F�R�P�S�R�Q�H�Q�W�V���K�D�Y�H���V�K�R�Z�Q���G�L�Y�H�U�V�H��
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�E�H�Q�H�I�L�W�V�� �L�Q�F�O�X�G�L�Q�J�� �D�Q�W�L���L�Q�I�O�D�P�P�D�W�R�U�\���� �D�Q�W�L���F�D�Q�F�H�U�R�J�H�Q�L�F���� �D�Q�W�L�P�L�F�U�R�E�L�D�O���� �D�Q�G�� �D�Q�W�L�Y�L�U�D�O���S�U�R�S�H�U�W�L�H�V��

���%�R�U�R�Z�V�N�D���D�Q�G���%�U�]�y�V�N�D�����������������6�]�R�S�D���H�W���D�O�������������������-�X�U�L�N�R�Y�D���H�W���D�O���������������������7�K�H�V�H���D�Q�W�L���L�Q�I�O�D�P�P�D�W�R�U�\��

�S�U�R�S�H�U�W�L�H�V���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���S�U�H�Y�H�Q�W�L�Q�J���F�K�U�R�Q�L�F���G�L�V�H�D�V�H�V���O�L�N�H���G�L�D�E�H�W�H�V�����F�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�V����

�D�Q�G���D�X�W�R�L�P�P�X�Q�H���G�L�V�H�D�V�H�V�����-�X�U�L�N�R�Y�D���H�W���D�O���������������������,�Q���Y�L�W�U�R���V�W�X�G�L�H�V���G�H�P�R�Q�V�W�U�D�W�H���W�K�H���D�U�R�Q�L�D���H�[�W�U�D�F�W�V�¶��

�E�D�F�W�H�U�L�R�V�W�D�W�L�F���D�F�W�L�Y�L�W�\���D�J�D�L�Q�V�W���S�D�W�K�R�J�H�Q�V���V�X�F�K���D�V���6�W�D�S�K�\�O�R�F�R�F�F�X�V���D�X�U�H�X�V���D�Q�G���(�V�F�K�H�U�L�F�K�L�D���F�R�O�L�����.�L�P��

�D�Q�G�� �6�K�L�Q���� �������������� �3�D�U�N�� �H�W�� �D�O���� �������������� �U�H�S�R�U�W�H�G���W�K�H���D�Q�W�L�Y�L�U�D�O�� �D�F�W�L�Y�L�W�\�� �R�I�� �D�U�R�Q�L�D�� �M�X�L�F�H���� �D�Q�G��

�S�U�R�D�Q�W�K�R�F�\�D�Q�L�G�L�Q�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���D�V���S�R�W�H�Q�W���D�Q�W�L�P�L�F�U�R�E�L�D�O���D�J�H�Q�W�V���D�J�D�L�Q�V�W���W�H�Q���G�L�I�I�H�U�H�Q�W���S�D�W�K�R�J�H�Q�V��

�E�\���3�D�Y�O�R�Y�L�ü���H�W���D�O���������������������$�G�G�L�W�L�R�Q�D�O�O�\�����6�R�Q�R�G�D���H�W���D�O�������������������V�X�J�J�H�V�W�H�G���W�K�D�W���$�U�R�Q�L�D���P�H�O�D�Q�R�F�D�U�S�D��

�H�[�W�U�D�F�W�� �L�Q�W�D�N�H�� �D�F�W�V�� �D�V�� �D�� �W�K�H�U�P�R�U�H�J�X�O�D�W�R�U�� �L�Q�� �K�H�D�O�W�K�\�� �Z�R�P�H�Q�� �Z�L�W�K�� �D�� �F�R�O�G�� �F�R�Q�V�W�L�W�X�W�L�R�Q���� �S�R�W�H�Q�W�L�D�O�O�\��
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4. Cardiovascular diseases �± the role of oxidized low-density lipoprotein (oxLDL)  

 Cardiovascular diseases (CVDs) is a major cause of premature mortality and disability 

across Europe. According to the World Health Organization�¶s 2019 data, CVDs were responsible 

for 17.9 million deaths, representing 32 % of the global total (WHO, 2021). Approximately 75 % 

of all deaths related to cardiovascular disease could be prevented by adopting a healthy lifestyle 

(Benjamin et al., 2019). A health-oriented lifestyle includes not smoking, follow a balanced diet, 

and to engage in regular physical exercise. The fundamental pathology of CVDs is atherosclerosis, 

a condition affecting arteries and leading to complications like myocardial infarction and stroke 

(Libby et al., 2019). Atherosclerosis primarily occurs in the subendothelial space of the middle 

and large arteries, especially in areas with disturbed or bifurcated blood flow (Kong et al., 2022). 

Several risk factors, such as hyperlipidemia, hypertension, oxidative stress, inflammation, endo-

thelial dysfunction, and unhealthy habits like smoking, collectively contribute to the development 

and progression of atherosclerotic CVD (Lee and Cooke, 2011).  

 Oxidative stress is recognized as a significant risk factor in the pathogenesis of various 

diseases, including cancer, age-related disorders, neurodegenerative diseases, autoimmune disor-

ders, and CVDs. The influence of oxidative stress on CVD development involves multiple path-

ways. In the context of atherosclerosis, the oxidation of low-density lipoprotein (LDL) particles in 

the vascular endothelium is identified as an initial event in the formation of atherosclerotic plaques 

(Lin et al., 2021). An imbalance between the generation of radicals (production of reactive oxygen 

species) and their elimination (action of antioxidants) can result in the creation of oxidized low-

density lipoprotein (oxLDL) (Leopold and Loscalzo, 2008). The newly generated oxLDL triggers 

the onset of atherosclerosis through a sequence of events as described by Obermayer et al. (2018): 

1. Enhanced expression of adhesion molecules on vascular endothelial cells. 

2. Attraction of leukocytes to endothelial cells. 

3. Sequestration of leukocytes into the intimal layer, activation of macrophages. 

4. Release of cytokines and reactive oxygen species (ROS), and 

5. Formation of plaques. 

 Furthermore, the lectin-like receptor-1 (LOX-1) for oxLDL plays a crucial role in initi-

ating atherosclerosis, as various responses are initiated upon oxLDL binding to this receptor in 

various cell types (Figure 1). This binding enhances the absorption of oxLDL in both macrophages 
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and vascular smooth muscle cells (VSMCs) and stimulates foam cell formation. Additionally, it 

induces apoptosis in VSMCs and contributes to endothelial activation (Poznyak et al., 2021). 

 

 

Figure 1. Contribution of LOX-1 to atherosclerosis (Poznyak, et al., 2021) 
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4.1.  Grape and aronia �± protective properties against cardiovascular diseases 

�1�X�P�H�U�R�X�V���V�W�X�G�L�H�V���K�D�Y�H���F�R�Q�I�L�U�P�H�G���W�K�H���S�U�R�W�H�F�W�L�Y�H���H�I�I�H�F�W�V���R�I���S�R�O�\�S�K�H�Q�R�O�V���I�U�R�P���D�U�R�Q�L�D�����J�U�D�S�H�V��

���L�Q�� �Y�D�U�L�R�X�V�� �I�R�U�P�V�� �D�Q�G�� �G�R�V�D�J�H�V�������D�Q�G�� �Z�L�Q�H�� �D�J�D�L�Q�V�W���&�9�'�V���� �Z�L�W�K�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�� �F�R�Q�G�X�F�W�H�G���L�Q�� �E�R�W�K��

�K�X�P�D�Q���D�Q�G���D�Q�L�P�D�O���V�W�X�G�L�H�V����For example, consuming organic aronia juice at a daily dose of 250 mL 

over a period of three weeks led to reduced triacylglycerol (TAG) levels and increased serum 

antioxidant capacity in healthy individuals (Nowak et al., 2016). In postmenopausal women with 

abdominal obesity, supplementation with aronia enriched with stable glucomannan fibers resulted 

in a decrease of  body mass index (BMI), waist circumference, and systolic blood pressure (SBP), 

accompanied by beneficial changes in fatty acid profiles (Kardum et al., 2014).���$�Q�L�P�D�O�� �V�W�X�G�L�H�V��

�K�D�Y�H�� �V�K�R�Z�Q�� �W�K�D�W���L�Q�F�O�X�V�L�R�Q�� �R�I�� �D�U�R�Q�L�D�� �S�R�P�D�F�H�� �L�Q�� �I�H�H�G�� �P�L�[�W�X�U�H�V�� �I�R�U�� �3�R�O�L�V�K���0�H�U�L�Q�R�� �O�D�P�E�V�� �U�H�G�X�F�H�G��

�Y�D�U�L�R�X�V�� �P�H�W�D�E�R�O�L�F�� �P�D�U�N�H�U�V�� �L�Q�F�O�X�G�L�Q�J���D�O�D�Q�L�Q�� �W�U�D�Q�V�D�P�L�Q�D�V�H���� �D�V�S�D�U�W�D�W�H�� �W�U�D�Q�V�D�P�L�Q�D�V�H�����D�Q�G�� �J�O�X�F�R�V�H��

�O�H�Y�H�O�V�����/�L�S�L���V�N�D���H�W���D�O���������������������6�L�P�L�O�D�U�O�\�����W�K�H���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���R�I���G�U�L�H�G���D�U�R�Q�L�D���S�R�Z�G�H�U���W�R���P�L�F�H���Z�L�W�K��

�Q�R�Q���D�O�F�R�K�R�O�L�F���I�D�W�W�\���O�L�Y�H�U���G�L�V�H�D�V�H���U�H�V�X�O�W�H�G���L�Q���G�H�F�U�H�D�V�H�G���7�$�*���O�H�Y�H�O�V���D�Q�G���O�L�Y�H�U���Z�H�L�J�K�W�����D�F�F�R�P�S�D�Q�L�H�G��

�E�\���W�K�H���G�R�Z�Q�U�H�J�X�O�D�W�L�R�Q�� �R�I�� �J�H�Q�H�V�� �L�Q�Y�R�O�Y�H�G�� �L�Q���W�K�H���O�L�S�L�G�� �P�H�W�D�E�R�O�L�V�P�����3�D�U�N�� �H�W�� �D�O������ �������������� �6�W�H�U�L�O�L�]�H�G��

�D�U�R�Q�L�D���M�X�L�F�H���F�R�Q�V�X�P�S�W�L�R�Q���L�Q���P�D�O�H���U�D�W�V���L�Q�F�U�H�D�V�H�G���E�R�G�\���Z�H�L�J�K�W���D�Q�G���%�0�,���Z�K�L�O�H���/�'�/���O�H�Y�H�O�V���G�H�F�U�H�D�V�H�G��

���'�D�V�N�D�O�R�Y�D���H�W���D�O���������������������$�G�G�L�W�L�R�Q�D�O�O�\�����I�U�H�H�]�H���G�U�L�H�G���D�U�R�Q�L�D���I�U�X�L�W�V���L�Q���W�K�H���G�L�H�W���R�I���P�L�F�H���I�H�G���D���K�L�J�K���I�D�W��

�G�L�H�W���U�H�G�X�F�H�G���O�L�Y�H�U���I�L�E�U�R�V�L�V���D�Q�G���O�L�S�L�G���O�H�Y�H�O�V���Z�K�L�O�H���L�Q�F�U�H�D�V�L�Q�J���W�R�W�D�O���F�K�R�O�H�V�W�H�U�R�O�����<�D�P�D�Q�H���H�W���D�O��������������������

�,�Q�� �K�X�P�D�Q�� �V�W�X�G�L�H�V�� �L�Q�Y�R�O�Y�L�Q�J�� �J�U�D�S�H�� �S�U�R�G�X�F�W�V�����W�K�H���F�R�Q�V�X�P�S�W�L�R�Q�� �R�I�� �J�U�D�S�H�� �M�X�L�F�H�� �R�U�� �S�R�Z�G�H�U�� �O�H�G�� �W�R��

�L�P�S�U�R�Y�H�P�H�Q�W�V���L�Q���O�L�S�L�G���S�U�R�I�L�O�H�V���D�Q�G���E�O�R�R�G���S�U�H�V�V�X�U�H�����=�H�U�Q���H�W���D�O�����������������3�D�U�N���H�W���D�O�����������������7�R�D�O�G�R���H�W���D�O����

�������������&�R�U�U�H�G�R�U���H�W���D�O�������������������2�Y�H�U�D�O�O�����W�K�H�V�H���I�L�Q�G�L�Q�J�V���K�L�J�K�O�L�J�K�W���W�K�H���S�R�W�H�Q�W�L�D�O���K�H�D�O�W�K���E�H�Q�H�I�L�W�V���R�I���D�U�R�Q�L�D��

�D�Q�G���J�U�D�S�H���S�U�R�G�X�F�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���Y�D�U�L�R�X�V���K�H�D�O�W�K���F�R�Q�G�L�W�L�R�Q�V�� 

�7�K�H�V�H�� �E�H�Q�H�I�L�F�L�D�O�� �H�I�I�H�F�W�V�� �L�Q�F�O�X�G�H�� �W�K�H�� �S�U�H�V�H�U�Y�D�W�L�R�Q�� �R�I�� �Y�D�V�F�X�O�D�U�� �H�Q�G�R�W�K�H�O�L�D�O�� �I�X�Q�F�W�L�R�Q����

�P�R�G�X�O�D�W�L�R�Q�� �R�I�� �E�O�R�R�G�� �S�U�H�V�V�X�U�H���� �U�H�J�X�O�D�W�L�R�Q�� �R�I�� �O�L�S�L�G�� �P�H�W�D�E�R�O�L�V�P���� �U�H�G�X�F�W�L�R�Q�� �R�I�� �R�[�L�G�D�W�L�Y�H�� �V�W�U�H�V�V����

�D�W�W�H�Q�X�D�W�L�R�Q���R�I���L�Q�I�O�D�P�P�D�W�L�R�Q�����L�Q�K�L�E�L�W�L�R�Q���R�I���S�O�D�W�H�O�H�W���I�X�Q�F�W�L�R�Q���D�Q�G���W�K�U�R�P�E�R�V�L�V�����L�Q�K�L�E�L�W�L�R�Q���R�I���S�O�D�W�H�O�H�W��

�D�J�J�U�H�J�D�W�L�R�Q�����D�Q�G���W�K�H���G�H�F�U�H�D�V�H���L�Q���/�'�/���R�[�L�G�D�W�L�R�Q�����5�D�V�L�Q�H�V���3�H�U�H�D���D�Q�G���7�H�L�V�V�H�G�U�H�����������������D�V���S�U�H�V�H�Q�W�H�G��

�L�Q���)�L�J�X�U�H�V������ �D�Q�G�� ������ �1�H�Y�H�U�W�K�H�O�H�V�V�����D���J�D�S�� �L�Q�� �W�K�H�� �H�[�L�V�W�L�Q�J�� �O�L�W�H�U�D�W�X�U�H���F�D�Q�� �E�H�� �Q�R�W�L�F�H�G���� �D�V�� �Q�R�� �V�W�X�G�\��

�H�[�D�P�L�Q�L�Q�J���W�K�H���L�P�S�D�F�W���R�I���F�R�Q�V�X�P�L�Q�J���F�R�R�N�L�H�V���H�Q�U�L�F�K�H�G���Z�L�W�K���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���R�Q���W�K�H���R�[�L�G�D�W�L�R�Q���R�I��

�/�'�/���F�K�R�O�H�V�W�H�U�R�O���L�V���D�Y�D�L�O�D�E�O�H���� 



�7�K�H�R�U�H�W�L�F�D�O���E�D�F�N�J�U�R�X�Q�G 

�í�ô���n���W �� �P �� 
 

 

�)�L�J�X�U�H���������3�U�R�W�H�F�W�L�Y�H���H�I�I�H�F�W�V���R�I���D�U�R�Q�L�D���D�J�D�L�Q�V�W���F�D�U�G�L�R�Y�D�V�F�X�O�D�U���G�L�V�H�D�V�H�����.�D�V�S�U�]�D�N���'�U�R�]�G�������������� 
�9�Y�D�O�X�H���L�Q�F�U�H�D�V�H�����;�Y�D�O�X�H���G�H�F�U�H�D�V�H�����$�&�(���D�Q�J�L�R�W�H�Q�V�L�Q�� �F�R�Q�Y�H�U�W�L�Q�J���H�Q�]�\�P�H�����&�5�3���&���U�H�D�F�W�L�Y�H�� �S�U�R�W�H�L�Q���� �H�1�2�6���H�Q�G�R�W�K�H�O�L�D�O���Q�L�W�U�L�F���R�[�L�G�H�� �V�\�Q�W�K�D�V�H���� �(�3�&��

�H�Q�G�R�W�K�H�O�L�D�O���S�U�R�J�H�Q�L�W�R�U���F�H�O�O�V�����(�7�������H�Q�G�R�W�K�H�O�L�Q���������)�$�%�3�����I�D�W�W�\���D�F�L�G���E�L�Q�G�L�Q�J���S�U�R�W�H�L�Q���������)�$�%�3�����I�D�W�W�\���D�F�L�G���E�L�Q�G�L�Q�J���S�U�R�W�H�L�Q���������)�$�6���I�D�W�\���D�F�L�G���V�\�Q�W�K�D�V�H����

�*�6�+���3�[���J�O�X�W�D�W�K�L�R�Q�H�� �S�H�U�R�[�L�G�D�V�H���� �+�'�/���K�L�J�K���G�H�Q�V�L�W�\�� �O�L�S�R�S�U�R�W�H�L�Q�� �F�K�R�O�H�V�W�H�U�R�O���� �,�&�$�0���L�Q�W�H�U�F�H�O�O�X�O�D�U�� �D�G�K�H�V�L�R�Q�� �P�R�O�H�F�X�O�H���� �,�/�������L�Q�W�H�U�O�H�X�N�X�Q�� ������ �,�/������

�L�Q�W�H�U�O�H�X�N�X�Q���������,�/���������L�Q�W�H�U�O�H�X�N�X�Q�����������/�'�/���O�R�Z���G�H�Q�V�L�W�\���O�L�S�R�S�U�R�W�H�L�Q���F�K�R�O�H�V�W�H�U�R�O�����/�3�/���O�L�S�R�S�U�R�W�H�L�Q���O�L�S�D�V�H�����0�&�3�����P�R�Q�R�F�\�W�H���F�K�H�P�R�D�W�W�U�D�F�W�D�Q�W���S�U�R�W�H�L�Q��

�������1�)�����%���Q�X�F�O�H�D�U���I�D�F�W�R�U���N�D�S�S�D���O�L�J�K�W���F�K�D�L�Q���H�Q�K�D�Q�F�H�U���R�I���D�F�W�L�Y�D�W�H�G���%���F�H�O�O�V�����1�2���Q�L�W�U�L�F���R�[�L�G�H�����3�*�(�����S�U�R�V�W�D�J�O�D�Q�G�L�Q���(�������5�2�6���U�H�D�F�W�L�Y�H���R�[�\�J�H�Q���V�S�H�F�L�H�V����

�7�$�*���W�U�L�D�F�\�O�J�O�\�F�H�U�R�O�����7�%�$�5�6���V�X�E�V�W�D�Q�F�H�V���U�H�D�F�W�L�Q�J���Z�L�W�K���W�K�L�R�E�D�U�E�L�W�X�U�L�F���D�F�L�G�����7�&���W�R�W�D�O���F�K�R�O�H�V�W�H�U�R�O�����7�1�)���.���W�X�P�R�U���Q�H�F�U�R�V�L�V���I�D�F�W�R�U���.�����9�&�$�0���Y�D�V�F�X�O�D�U��

�F�H�O�O���D�G�K�H�V�L�R�Q���P�R�O�H�F�X�O�H�� 
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6. Biopolymers as sustainable alternatives in the food packaging industry 
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6.1. Chitosan 

�&�K�L�W�L�Q�� �D�Q�G�� �L�W�V�� �G�H�D�F�H�W�\�O�D�W�H�G���I�R�U�P�����F�K�L�W�R�V�D�Q�����E�H�O�R�Q�J�� �W�R�� �D�� �J�U�R�X�S���R�I�� �O�L�Q�H�D�U�� �S�R�O�\�V�D�F�F�K�D�U�L�G�H�V��

�F�R�P�S�R�V�H�G���R�I���Y�D�U�\�L�Q�J���D�P�R�X�Q�W�V���R�I���������:�������O�L�Q�N�H�G���U�H�V�L�G�X�H�V���R�I���1���D�F�H�W�\�O�������D�P�L�Q�R�������G�H�R�[�\���' ���J�O�X�F�R�V�H��

���J�O�X�F�R�V�D�P�L�Q�H���� �D�Q�G�� �����D�P�L�Q�R�������G�H�R�[�\���' ���J�O�X�F�R�V�H�� ���1���D�F�H�W�\�O���J�O�X�F�R�V�D�P�L�Q�H���� �U�H�V�L�G�X�H�V���� �&�K�L�W�L�Q���� �D�Q��

�D�E�X�Q�G�D�Q�W���E�L�R�S�R�O�\�P�H�U�����L�V���I�R�X�Q�G���L�Q���W�K�H���H�[�R�V�N�H�O�H�W�R�Q���R�I���F�U�X�V�W�D�F�H�D�Q�V�����L�Q�V�H�F�W���F�X�W�L�F�O�H�V�����D�O�J�D�H���D�Q�G���I�X�Q�J�D�O��

�F�H�O�O���Z�D�O�O�V�����)�L�J�X�U�H�����������7�U�D�G�L�W�L�R�Q�D�O�O�\�����F�R�P�P�H�U�F�L�D�O���F�K�L�W�R�V�D�Q���K�D�V���E�H�H�Q���S�U�H�G�R�P�L�Q�D�Q�W�O�\���G�H�U�L�Y�H�G���I�U�R�P���W�K�H��

�F�K�H�P�L�F�D�O���G�H�D�F�H�W�\�O�D�W�L�R�Q���R�I���F�K�L�W�L�Q���V�R�X�U�F�H�G���I�U�R�P���F�U�X�V�W�D�F�H�D�Q�V�����+�R�Z�H�Y�H�U�����W�K�H�U�H���L�V���J�U�R�Z�L�Q�J���L�Q�W�H�U�H�V�W���L�Q��

�F�K�L�W�R�V�D�Q�� �V�R�X�U�F�H�G�� �I�U�R�P�� �I�X�Q�J�L�� �D�Q�G�� �L�Q�V�H�F�W�� �F�X�W�L�F�O�H�V���R�Q�� �W�K�H�� �P�D�U�N�H�W���� �7�K�H�V�H�� �D�O�W�H�U�Q�D�W�L�Y�H�� �V�R�X�U�F�H�V�� �R�I�I�H�U��

�D�G�Y�D�Q�W�D�J�H�V���V�X�F�K���D�V���E�H�W�W�H�U���Y�L�V�F�R�V�L�W�\���F�R�Q�W�U�R�O���D�Q�G���K�L�J�K�H�U���G�H�D�F�H�W�\�O�D�W�L�R�Q���O�H�Y�H�O�V�����*�K�R�U�P�D�G���������������� 
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�$�G�G�L�W�L�R�Q�D�O�O�\���� �F�K�L�W�R�V�D�Q�� �P�L�J�K�W�� �L�Q�W�H�U�I�H�U�H�� �Z�L�W�K�� �5�1�$�� �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �E�\�� �D�W�W�D�F�K�L�Q�J�� �W�R�� �E�D�F�W�H�U�L�D�O�� �'�1�$����

�L�Q�G�L�F�D�W�L�Q�J���D�Q���H�[�W�U�D���P�R�G�H���R�I���D�F�W�L�R�Q�����.�H���������������� 

�5�H�V�H�D�U�F�K���K�D�V���V�K�R�Z�Q���W�K�D�W���F�K�L�W�R�V�D�Q���E�D�V�H�G���F�R�D�W�L�Q�J�V�����G�X�H���W�R���W�K�H�L�U���H�[�F�H�O�O�H�Q�W���E�L�R�F�K�H�P�L�F�D�O���D�Q�G��

�I�L�O�P�R�J�H�Q�L�F���S�U�R�S�H�U�W�L�H�V�����K�D�Y�H���S�R�W�H�Q�W�L�D�O���I�R�U���D���Y�D�U�L�H�W�\���R�I���Z�L�G�H���D�S�S�O�L�F�D�W�L�R�Q�V���R�Q���Y�D�U�L�R�X�V���S�U�R�G�X�F�W�V���V�X�F�K��

�D�V���I�L�V�K�����0�H�U�O�R���H�W���D�O���������������������I�U�X�L�W�V�����.�D�U�D�J�|�]���D�Q�G���'�H�P�L�U�G�|�Y�H�Q�������������������F�K�H�H�V�H�����+�D�Q�L���7�D�E�D�L�H���=�D�Y�D�U�H�K��

�D�Q�G���$�U�G�H�V�W�D�Q�L���� �������������D�Q�G���W�K�H�� �P�H�D�W�� �D�Q�G�� �P�H�D�W�� �S�U�R�G�X�F�W���S�U�H�V�H�U�Y�D�W�L�R�Q�����0�D�K�G�D�Y�L���H�W�� �D�O������ ���������������$��

�V�X�P�P�D�U�\���R�I���F�K�L�W�R�V�D�Q���D�S�S�O�L�F�D�W�L�R�Q�V�����S�U�R�S�H�U�W�L�H�V���D�Q�G���E�L�R�O�R�J�L�F�D�O���D�F�W�L�Y�L�W�L�H�V���L�V���J�L�Y�H�Q���L�Q���)�L�J�X�U�H������ 
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�)�L�J�X�U�H���������&�K�L�W�R�V�D�Q���D�S�S�O�L�F�D�W�L�R�Q�V�����S�U�R�S�H�U�W�L�H�V���D�Q�G���E�L�R�O�R�J�L�F�D�O���D�F�W�L�Y�L�W�L�H�V (�+�D�U�X�J�D�G�H���D�W���D�O���������������� 

 

 

6.2.  Gum arabic 

�*�X�P�� �D�U�D�E�L�F�����*�$�����L�V�� �D�� �Q�D�W�X�U�D�O�� �S�R�O�\�V�D�F�F�K�D�U�L�G�H�� �R�E�W�D�L�Q�H�G�� �I�U�R�P�� �W�K�H�� �V�W�H�P�V�� �D�Q�G�� �E�U�D�Q�F�K�H�V�� �R�I��

�$�F�D�F�L�D���V�H�Q�H�J�D�O���D�Q�G���$�F�D�F�L�D�� �V�H�\�D�O���� �Z�K�L�F�K���D�U�H���U�L�F�K�� �L�Q�� �Q�R�Q���Y�L�V�F�R�X�V�� �V�R�O�X�E�O�H�� �I�L�E�H�U�V�� ���:�L�O�O�L�D�P�V�� �D�Q�G��

�3�K�L�O�O�L�S�V�������������������3�U�L�P�D�U�L�O�\���I�R�X�Q�G���L�Q���6�X�G�D�Q�����&�K�D�G�����D�Q�G���1�L�J�H�U�L�D�����*�$���I�R�U�P�V���D�Q���D�U�D�E�L�Q�R�J�D�O�D�F�W�D�Q���S�U�R�W�H�L�Q��

�F�R�P�S�O�H�[���Z�L�W�K���P�D�J�Q�H�V�L�X�P���� �F�D�O�F�L�X�P���� �D�Q�G�� �S�R�W�D�V�V�L�X�P�� �V�D�O�W�V�� �R�I�� �D�U�D�E�L�F�� �D�F�L�G�� ���)�L�J�X�U�H�����������$�U�D�E�L�F�� �D�F�L�G��

�F�R�Q�V�L�V�W�V���R�I�����������O�L�Q�N�H�G�������' ���J�D�O�D�F�W�R�S�\�U�D�Q�R�V�\�O���X�Q�L�W�V�����D�O�R�Q�J���Z�L�W�K���E�U�D�Q�F�K�H�V���W�K�D�W���F�R�Q�V�L�V�W���R�I���W�Z�R���W�R���I�L�Y�H��

�����' ���J�D�O�D�F�W�R�S�\�U�D�Q�R�V�\�O�� �U�H�V�L�G�X�H�V�� �O�L�Q�N�H�G�� �W�R�J�H�W�K�H�U�� �W�K�U�R�X�J�K�� ���������H�W�K�H�U���O�L�Q�N�D�J�H�V�� �D�Q�G�� �F�R�Q�Q�H�F�W�H�G�� �W�R�� �W�K�H��

�I�X�Q�G�D�P�H�Q�W�D�O�������' ���J�D�O�D�F�W�R�S�\�U�D�Q�R�V�\�O���F�K�D�L�Q���E�\�����������O�L�Q�N�D�J�H�V�����$�V�K�R�X�U���H�W���D�O������������������  

 



�7�K�H�R�U�H�W�L�F�D�O���E�D�F�N�J�U�R�X�Q�G 

�î�ó���n���W �� �P �� 
 

�$�� ���%�� ���&����  

�)�L�J�X�U�H�����������$�����$�F�D�F�L�D���V�H�\�D�O���W�U�H�H�����%�����*�X�P���D�U�D�E�L�F�������&�����&�K�H�P�L�F�D�O���V�W�U�X�F�W�X�U�H���R�I���$�U�D�E�L�F���D�F�L�G���S�U�H�V�H�Q�W���L�Q��

�J�X�P���D�U�D�E�L�F�����$�O���-�X�E�R�U�L���H�W���D�O���������������� 

 

�*�X�P�� �D�U�D�E�L�F�� �F�R�P�S�U�L�V�H�V�� �W�K�U�H�H�� �G�L�V�W�L�Q�F�W�� �I�U�D�F�W�L�R�Q�V���� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������������ ���� �F�R�Q�V�L�V�W�� �R�I��

�D�U�D�E�L�Q�R�J�D�O�D�F�W�D�Q�����Z�L�W�K���P�L�Q�L�P�D�O���S�U�R�W�H�L�Q���F�R�Q�W�H�Q�W�����R�Q�O�\�������������������������������F�R�Q�V�W�L�W�X�W�H�V���D�Q���D�U�D�E�L�Q�R�J�D�O�D�F�W�D�Q��

�S�U�R�W�H�L�Q���F�R�P�S�O�H�[�����F�R�Q�W�D�L�Q�L�Q�J���D�E�R�X�W�����������������S�U�R�W�H�L�Q�����D�Q�G���W�K�H���U�H�P�D�L�Q�L�Q�J�����������F�R�Q�V�L�V�W���R�I���R�Q�H���R�U���W�Z�R��

�J�O�\�F�R�S�U�R�W�H�L�Q�V�����Z�L�W�K���D���K�L�J�K�H�U���S�U�R�W�H�L�Q���F�R�Q�W�H�Q�W���R�I���D�S�S�U�R�[�L�P�D�W�H�O�\�������������������/�R�S�H�]���7�R�U�U�H�]���H�W���D�O��������������������

�7�K�H���F�K�H�P�L�F�D�O���F�R�P�S�R�V�L�W�L�R�Q���R�I���J�X�P���D�U�D�E�L�F���F�D�Q���Y�D�U�\���E�D�V�H�G���R�Q���I�D�F�W�R�U�V���V�X�F�K���D�V���L�W�V���V�R�X�U�F�H�����W�K�H���D�J�H���R�I��

�W�K�H���W�U�H�H�V���I�U�R�P���Z�K�L�F�K���L�W���Z�D�V���K�D�U�Y�H�V�W�H�G�����D�Q�G���S�U�H�Y�D�L�O�L�Q�J���F�O�L�P�D�W�L�F���D�Q�G���V�R�L�O���F�R�Q�G�L�W�L�R�Q�V�����9�H�U�E�H�N�H�Q���H�W���D�O������

������������ 

�*�X�P�� �D�U�D�E�L�F�� �L�V�� �Z�L�G�H�O�\�� �X�V�H�G�� �G�X�H�� �W�R�� �L�W�V�� �K�L�J�K�� �V�R�O�X�E�L�O�L�W�\�� �D�Q�G�� �O�R�Z�� �Y�L�V�F�R�V�L�W�\�� �D�W�� �K�L�J�K��

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����6�D�N�O�R�H�V�W�V�D�N�X�Q���H�W���D�O�������������������D�Q�G���D�F�W�V���D�V���D�Q���R�L�O���Z�D�W�H�U���H�P�X�O�V�L�I�L�H�U�����9�X�L�O�O�H�P�L�Q���H�W���D�O������

�������������� �,�W�� �G�L�V�V�R�O�Y�H�V�� �T�X�L�F�N�O�\�� �L�Q�� �F�R�O�G�� �R�U�� �Z�D�U�P�� �Z�D�W�H�U���� �D�Q�G�� �W�K�L�V�� �S�U�R�S�H�U�W�\�� �P�D�N�H�V�� �L�W�� �W�K�H�� �P�R�V�W�� �V�R�O�X�E�O�H��

�K�\�G�U�R�F�R�O�O�R�L�G�� ���&�K�U�D�Q�L�R�W�L�� �D�Q�G���7�]�L�D���� �������������� �,�Q�� �W�K�H�� �I�R�R�G�� �L�Q�G�X�V�W�U�\�����*�$���L�V�� �X�V�H�G�� �D�V�� �D�� �V�W�D�E�L�O�L�]�H�U���D�Q�G�� �L�V��

�D�V�V�L�J�Q�H�G���W�K�H���(���Q�X�P�E�H�U�������������,�W���L�V���X�V�H�G���L�Q���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���M�X�L�F�H�V���I�R�U���G�L�O�X�W�L�R�Q�����J�X�P�P�\���V�Z�H�H�W�V���V�X�F�K��

�D�V���J�X�P�P�\���F�D�Q�G�L�H�V�����D�Q�G���P�D�U�V�K�P�D�O�O�R�Z���F�R�R�N�L�H�V�����F�K�R�F�R�O�D�W�H���V�Z�H�H�W�V���D�Q�G���H�G�L�E�O�H���J�O�L�W�W�H�U�����0�D�U�L�R�G������������������

�)�X�U�W�K�H�U�P�R�U�H�����*�$���L�V���X�V�H�G���D�V���D�Q���H�P�X�O�V�L�I�L�H�U���D�Q�G���W�K�L�F�N�H�Q�H�U���I�R�U���J�O�D�]�H�V�����I�L�O�O�H�U�V�����F�K�H�Z�L�Q�J���J�X�P�V���D�Q�G���R�W�K�H�U��

�F�R�Q�I�H�F�W�L�R�Q�H�U�\���S�U�R�G�X�F�W�V�����5�L�Q�V�N�\���D�Q�G���5�L�Q�V�N�\������������������ 

�5�H�V�H�D�U�F�K���K�D�V���V�K�R�Z�Q���W�K�D�W���J�X�P���D�U�D�E�L�F���E�D�V�H�G���F�R�D�W�L�Q�J�V���K�D�Y�H���W�K�H���S�R�W�H�Q�W�L�D�O���W�R���H�I�I�H�F�W�L�Y�H�O�\���G�H�O�D�\��

�W�K�H���U�L�S�H�Q�L�Q�J���S�U�R�F�H�V�V���D�Q�G���W�R���P�D�L�Q�W�D�L�Q���W�K�H���S�R�V�W�K�D�U�Y�H�V�W���T�X�D�O�L�W�\���R�I���Y�D�U�L�R�X�V���I�U�X�L�W�V�����L�Q�F�O�X�G�L�Q�J���E�D�Q�D�Q�D����

�W�R�P�D�W�R�����S�D�S�D�\�D�����D�Q�G���P�D�Q�J�R�����7�L�D�P�L�\�X���H�W���D�O���������������������*�X�P���$�U�D�E�L�F���F�R�P�S�R�V�L�W�H���H�G�L�E�O�H���I�L�O�P���K�D�V���E�H�H�Q��

�U�H�S�R�U�W�H�G���W�R���V�L�J�Q�L�I�L�F�D�Q�W�O�\���F�R�Q�W�U�R�O���W�K�H���U�H�V�S�L�U�D�W�L�R�Q���U�D�W�H���L�Q���F�K�L�O�L���S�H�S�S�H�U�����0�X�W�K�P�D�L�Q�Q�D�K�����������������D�Q�G���I�U�H�V�K��

�J�X�D�Y�D�� ���0�X�U�P�X���D�Q�G���0�L�V�K�U�D���� �������������� �D�V�� �Z�H�O�O�� �D�V�� �W�R�� �P�D�L�Q�W�D�L�Q�� �W�K�H�� �I�L�U�P�Q�H�V�V�� �R�I�� �I�U�X�L�W�V�� �D�Q�G�� �Y�H�J�H�W�D�E�O�H�V��

���7�D�K�L�U���H�W���D�O���������������������,�W���D�O�V�R���G�H�O�D�\�V���F�R�O�R�U���F�K�D�Q�J�H���L�Q���S�U�R�G�X�F�W�V���O�L�N�H���G�H�K�\�G�U�D�W�H�G���W�R�P�D�W�R���V�O�L�F�H�V���D�Q�G���I�U�H�V�K��

�V�W�U�D�Z�E�H�U�U�\���I�U�X�L�W�����(�O�W�R�X�P���D�Q�G���%�D�E�L�N�H�U�����������������7�D�K�L�U���H�W���D�O������������������ 
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�$�S�S�O�L�F�D�W�L�R�Q���R�I���D���K�H�U�E�D�O���I�R�U�P�X�O�D�W�L�R�Q���F�R�Q�W�D�L�Q�L�Q�J���J�X�P���D�U�D�E�L�F�����*�$�����G�L�U�H�F�W�O�\���W�R���W�K�H���W�H�H�W�K���D�Q�G��

�J�X�P�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �U�H�G�X�F�H�V�� �J�L�Q�J�L�Y�D�O�� �D�Q�G�� �S�O�D�T�X�H�� �L�Q�G�L�F�H�V�� ���3�U�D�G�H�H�S�� �H�W�� �D�O������ �������������� �,�Q�� �P�L�F�H���� �*�$��

�V�X�S�S�O�H�P�H�Q�W�D�W�L�R�Q�� �L�Q�� �G�U�L�Q�N�L�Q�J�� �Z�D�W�H�U�� �R�U�� �G�L�H�W�� �U�H�G�X�F�H�V�� �R�E�H�V�L�W�\�� �E�\�� �D�O�W�H�U�L�Q�J�� �O�L�S�L�G�� �P�H�W�D�E�R�O�L�F�� �J�H�Q�H��

�H�[�S�U�H�V�V�L�R�Q�� �D�Q�G�� �D�J�H���G�H�S�H�Q�G�H�Q�W�� �I�D�W�� �G�H�S�R�V�L�W�L�R�Q�� �L�Q�� �Y�L�V�F�H�U�D�O�� �D�G�L�S�R�V�H�� �W�L�V�V�X�H�� ���$�K�P�H�G���H�W�� �D�O������ ��������������

�&�R�P�E�L�Q�L�Q�J�� �*�$�� �Z�L�W�K�� �D�W�R�U�Y�D�V�W�D�W�L�Q�� �G�H�F�U�H�D�V�H�V�� �W�R�W�D�O�� �F�K�R�O�H�V�W�H�U�R�O���� �/�'�/���� �D�Q�G�� �W�U�L�J�O�\�F�H�U�L�G�H�� �O�H�Y�H�O�V�� �L�Q��

�K�\�S�H�U�O�L�S�L�G�H�P�L�D���S�D�W�L�H�Q�W�V���� �O�R�Z�H�U�L�Q�J���K�H�D�U�W���G�L�V�H�D�V�H���U�L�V�N�����0�R�K�D�P�H�G������������������ �6�X�E�M�H�F�W�V���F�R�Q�V�X�P�L�Q�J���*�$��

�U�H�S�R�U�W�H�G�� �G�H�F�U�H�D�V�H�G�� �F�D�O�R�U�L�F�� �L�Q�W�D�N�H�� �D�Q�G���L�Q�F�U�H�D�V�H�G�� �V�D�W�L�H�W�\�� ���&�D�O�D�P�H�� �H�W�� �D�O������ ���������������$�G�G�L�W�L�R�Q�D�O�O�\���� �*�$��

�D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���L�P�S�U�R�Y�H�V���V�\�P�S�W�R�P�V���R�I���D�F�X�W�H���Q�R�Q���E�O�R�R�G�\���G�L�D�U�U�K�H�D�����K�L�J�K���E�R�G�\���Z�H�L�J�K�W�����D�Q�G���S�U�H�Y�H�Q�W�V��

�V�H�Y�H�U�H���G�H�K�\�G�U�D�W�L�R�Q���L�Q���F�K�L�O�G�U�H�Q�����6�D�O�D�K���H�W���D�O������������������ 
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7. Consumer attitude towards sustainability 

�&�R�Q�V�X�P�H�U�V�� �K�D�Y�H�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �V�K�L�I�W�H�G�� �W�K�H�L�U�� �D�W�W�H�Q�W�L�R�Q�� �W�R�Z�D�U�G�V�� �E�U�R�D�G�H�U�� �H�W�K�L�F�D�O�� �L�V�V�X�H�V�� �D�Q�G��

�V�X�V�W�D�L�Q�D�E�O�H�� �I�R�R�G�� �S�U�R�G�X�F�W�V���� �7�K�L�V�� �W�U�H�Q�G�� �L�Q�F�O�X�G�H�V�� �S�U�H�I�H�U�H�Q�F�H�V�� �I�R�U�� �O�R�F�D�O�O�\�� �V�R�X�U�F�H�G���L�W�H�P�V���� �S�U�R�G�X�F�W�V��

�S�U�R�P�R�W�L�Q�J�� �D�Q�L�P�D�O�� �Z�H�O�I�D�U�H���� �I�D�L�U���W�U�D�G�H�� �J�R�R�G�V���� �V�H�D�V�R�Q�D�O�� �S�U�R�G�X�F�H���� �D�Q�G�� �W�K�R�V�H�� �Z�L�W�K�� �O�R�Z�� �F�D�U�E�R�Q��

�I�R�R�W�S�U�L�Q�W�V�����&�R�G�U�R�Q���H�W���D�O���������������������,�Q���W�R�G�D�\�
�V���Z�R�U�O�G�����L�Q�G�L�Y�L�G�X�D�O�V���I�D�F�H���P�R�X�Q�W�L�Q�J���F�K�D�O�O�H�Q�J�H�V�����V�X�F�K���D�V��

�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�R�O�O�X�W�L�R�Q�����V�W�U�H�V�V�����D�Q�G���K�H�D�O�W�K���L�V�V�X�H�V���O�L�Q�N�H�G���W�R���O�L�I�H�V�W�\�O�H���F�K�R�L�F�H�V�����K�L�J�K�O�L�J�K�W�L�Q�J���W�K�H���Q�H�H�G��

�I�R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�����7�R�S�R�O�V�N�D���H�W���D�O�������������������%�X�H�U�N�H���H�W���D�O���������������������$�V���D���U�H�V�X�O�W�����W�K�H�U�H���L�V���D���U�L�V�L�Q�J���G�H�P�D�Q�G��

�I�R�U���S�U�R�G�X�F�W�V���P�H�H�W�L�Q�J���K�L�J�K���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���V�W�D�Q�G�D�U�G�V�� 

�&�R�Q�V�X�P�H�U�� �F�K�R�L�F�H�V�� �D�U�H�� �V�K�D�S�H�G�� �E�\�� �W�K�H�L�U�� �S�H�U�F�H�S�W�L�R�Q�V�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �L�Q�I�O�X�H�Q�F�L�Q�J�� �W�K�H�L�U��

�D�W�W�L�W�X�G�H�� �D�Q�G�� �E�H�K�D�Y�L�R�U���� �(�W�K�L�F�D�O�� �F�R�Q�F�H�U�Q�V�� �D�U�H�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �S�U�L�R�U�L�W�L�]�H�G���� �O�H�D�G�L�Q�J�� �W�R���D���S�U�H�I�H�U�H�Q�F�H���I�R�U��

�V�X�V�W�D�L�Q�D�E�O�H�� �I�R�R�G�� �R�S�W�L�R�Q�V�� ���6�i�Q�F�K�H�]���%�U�D�Y�R�� �H�W�� �D�O������ �������������� �6�W�X�G�L�H�V�� �V�K�R�Z�� �W�K�D�W�� �G�H�P�R�J�U�D�S�K�L�F�V�� �O�L�N�H��

�J�H�Q�G�H�U�����P�D�U�L�W�D�O���V�W�D�W�X�V�����D�Q�G���S�D�U�H�Q�W�K�R�R�G���L�Q�I�O�X�H�Q�F�H���W�K�H���Z�L�O�O�L�Q�J�Q�H�V�V���W�R���S�D�\���P�R�U�H���I�R�U���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\��

�I�U�L�H�Q�G�O�\�� �S�U�R�G�X�F�W�V�� ���/�D�U�R�F�K�H�� �H�W�� �D�O������ �������������9�H�F�F�K�L�R�� �D�Q�G���$�Q�Q�X�Q�]�L�D�W�D���� �������������� �6�X�V�W�D�L�Q�D�E�O�H�� �S�D�F�N�D�J�L�Q�J��

�D�O�V�R���J�D�U�Q�H�U�V���D�W�W�H�Q�W�L�R�Q�����Z�L�W�K���F�R�Q�V�X�P�H�U�V���Z�L�O�O�L�Q�J���W�R���S�D�\���H�[�W�U�D���I�R�U���H�F�R���I�U�L�H�Q�G�O�\���R�S�W�L�R�Q�V�����1�J�X�\�H�Q���H�W���D�O������

������������ 

�,�Q�W�H�U�H�V�W�L�Q�J�O�\���� �F�R�Q�V�X�P�H�U�V�� �P�D�\�� �S�H�U�F�H�L�Y�H�� �S�U�R�G�X�F�W�V�� �Z�L�W�K�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �F�O�D�L�P�V�� �D�V�� �K�D�Y�L�Q�J��

�V�X�S�H�U�L�R�U���T�X�D�O�L�W�\�����H�Y�H�Q���L�I���W�K�H���T�X�D�O�L�W�\���R�I���D���S�U�R�G�X�F�W���L�V���Q�R�W���G�L�U�H�F�W�O�\���U�H�O�D�W�H�G���W�R���W�K�H�V�H���F�O�D�L�P�V�����*�D�Q�J�O�P�D�L�U��

�:�R�R�O�L�V�F�U�R�I�W���D�Q�G���:�R�R�O�L�V�F�U�R�I�W�������������������'�H�V�S�L�W�H���W�K�H���J�U�R�Z�L�Q�J���D�Z�D�U�H�Q�H�V�V�����W�K�H�U�H���L�V���V�W�L�O�O���D���J�D�S���E�H�W�Z�H�H�Q��

�W�K�H���D�W�W�L�W�X�G�H�� �W�R�Z�D�U�G�V�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �D�Q�G���W�K�H���D�F�W�X�D�O�� �E�H�K�D�Y�L�R�U���� �R�I�W�H�Q�� �G�X�H�� �W�R�� �S�U�L�F�H�� �S�H�U�F�H�S�W�L�R�Q�V�� �D�Q�G��

�V�N�H�S�W�L�F�L�V�P�����.�D�X�W�L�V�K���H�W���D�O���������������������(�G�X�F�D�W�L�R�Q���D�Q�G���D�J�H���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W���I�D�F�W�R�U�V���L�Q�I�O�X�H�Q�F�L�Q�J���F�R�Q�V�X�P�H�U�V��

�F�R�Q�F�H�U�Q���I�R�U���I�R�R�G���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� 

�9�R�O�X�Q�W�D�U�\�� �O�D�E�H�O�L�Q�J�� �F�D�Q�� �G�U�L�Y�H�� �F�K�D�Q�J�H�V�� �L�Q�� �F�R�Q�V�X�P�S�W�L�R�Q�� �S�D�W�W�H�U�Q�V�� �D�Q�G�� �H�Q�K�D�Q�F�H�� �F�R�Q�V�X�P�H�U��

�D�Z�D�U�H�Q�H�V�V�����+�R�Z�H�Y�H�U�����H�I�I�H�F�W�L�Y�H���X�W�L�O�L�]�D�W�L�R�Q���R�I���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���L�Q�I�R�U�P�D�W�L�R�Q���G�H�S�H�Q�G�V���R�Q���W�K�H���F�R�Q�V�X�P�H�U�V��

�P�R�W�L�Y�D�W�L�R�Q���D�Q�G���X�Q�G�H�U�V�W�D�Q�G�L�Q�J�����9�H�F�F�K�L�R���D�Q�G���$�Q�Q�X�Q�]�L�D�W�D�������������������7�K�H�U�H�I�R�U�H�����J�U�D�V�S�L�Q�J���W�K�H���G�U�L�Y�H�U�V���R�I��

�F�R�Q�V�X�P�H�U�� �D�F�F�H�S�W�D�Q�F�H�� �L�V�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �O�D�X�Q�F�K�L�Q�J�� �V�X�V�W�D�L�Q�D�E�O�H�� �S�U�R�G�X�F�W�V�� �V�X�F�F�H�V�V�I�X�O�O�\�� ���%�D�N�H�U�� �H�W�� �D�O������

������������ 

 

 

 

 

 



�7�K�H�R�U�H�W�L�F�D�O���E�D�F�N�J�U�R�X�Q�G 

�ï�ì���n���W �� �P �� 
 

8. Hypothesis, research objectives, and expected scientific contributions  

�7�K�L�V���U�H�V�H�D�U�F�K���K�\�S�R�W�K�H�V�L�]�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J�� 

1) Fruit by-products can successfully replace cocoa powder and extend the shelf-life of whole 

grain cookies without compromising sensory and physical properties. 

2) Cookies with an edible film based on chitosan and gum arabic, along with fruit by-prod-

ucts, provide improved nutritional value, antioxidant activity, starch digestibility, and consumer 

acceptance. 

3) Consumption of whole grain cookies with an edible film and fruit by-products does not 

lead to the formation of oxLDL receptors in healthy women. 

 

�7�K�H���S�U�L�P�D�U�\���R�E�M�H�F�W�L�Y�H���R�I���W�K�L�V���G�L�V�V�H�U�W�D�W�L�R�Q���L�V���W�R���H�[�D�P�L�Q�H���W�K�H���I�H�D�V�L�E�L�O�L�W�\���R�I���V�X�E�V�W�L�W�X�W�L�Q�J���F�R�F�R�D���S�R�Z�G�H�U��

�L�Q���Z�K�R�O�H���J�U�D�L�Q���F�R�R�N�L�H�V���Z�L�W�K���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���D�Q�G���W�R���D�V�V�H�V�V���W�K�H���H�I�I�H�F�W���R�I���L�Q�W�H�J�U�D�W�L�Q�J���D�Q���H�G�L�E�O�H���I�L�O�P��

�R�Q���W�K�H���F�R�R�N�L�H�V���V�H�Q�V�R�U�\���D�Q�G���S�K�\�V�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� 

�6�H�F�R�Q�G�O�\�����W�R���L�Q�Y�H�V�W�L�J�D�W�H���F�R�Q�V�X�P�H�U���D�W�W�L�W�X�G�H�����G�H�W�H�U�P�L�Q�H���W�K�H���Q�X�W�U�L�W�L�R�Q�D�O���S�U�R�I�L�O�H�����D�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\����

�D�Q�G���V�W�D�U�F�K���G�L�J�H�V�W�L�E�L�O�L�W�\�����D�Q�G���H�Y�D�O�X�D�W�H���W�K�H���L�P�S�D�F�W���R�I���F�R�Q�V�X�P�L�Q�J���F�R�R�N�L�H�V���F�R�Q�W�D�L�Q�L�Q�J���E�R�W�K���W�K�H���H�G�L�E�O�H��

�I�L�O�P���D�Q�G���I�U�X�L�W���E�\���S�U�R�G�X�F�W�V���R�Q���R�[�/�'�/���U�H�F�H�S�W�R�U���P�R�G�X�O�D�W�L�R�Q���L�Q���K�H�D�O�W�K�\���Z�R�P�H�Q�� 

 

�7�K�H���U�H�V�H�D�U�F�K���S�O�D�Q���Z�D�V���G�L�Y�L�G�H�G���L�Q�W�R���W�Z�R���S�D�U�W�V�� 

�7�K�H�� �S�U�H�O�L�P�L�Q�D�U�\�� �V�W�D�J�H���L�Q�Y�R�O�Y�H�G���W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I���Z�K�R�O�H�� �J�U�D�L�Q���F�R�R�N�L�H�V���L�Q�F�R�U�S�R�U�D�W�L�Q�J���F�R�F�R�D��

�S�R�Z�G�H�U���D�O�R�Q�J�V�L�G�H���J�U�D�S�H�� �D�Q�G���R�U�� �D�U�R�Q�L�D�� �S�R�P�D�F�H���D�V�� �H�O�X�F�L�G�D�W�H�G�� �L�Q�� �W�K�H���6�X�S�S�O�H�P�H�Q�W�D�U�\���P�D�W�H�U�L�D�O����

�$�G�G�L�W�L�R�Q�D�O�O�\���� �H�I�I�R�U�W�V�� �Z�H�U�H�� �P�D�G�H�� �W�R�� �S�U�R�G�X�F�H�� �H�G�L�E�O�H�� �I�L�O�P�V�� �S�R�V�V�H�V�V�L�Q�J���I�D�Y�R�X�U�D�E�O�H���S�K�\�V�L�F�D�O�� �D�Q�G��

�V�H�Q�V�R�U�\���D�W�W�U�L�E�X�W�H�V�����D�V���G�R�F�X�P�H�Q�W�H�G���L�Q���3�X�E�O�L�F�D�W�L�R�Q���1�R�����������7�K�L�V���V�H�F�W�L�R�Q���D�O�V�R���I�R�F�X�V�H�V���R�Q���G�H�W�H�U�P�L�Q�L�Q�J��

�W�K�H���Q�X�W�U�L�W�L�R�Q�D�O���Y�D�O�X�H�����E�L�R�D�F�W�L�Y�H���S�U�R�I�L�O�H�����D�Q�G���V�K�H�O�I���O�L�I�H���R�I���F�R�R�N�L�H�V���Z�L�W�K���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H����

�E�R�W�K�� �Z�L�W�K�� �D�Q�G�� �Z�L�W�K�R�X�W�� �D�Q�� �H�G�L�E�O�H�� �I�L�O�P�� �H�Q�U�L�F�K�H�G�� �Z�L�W�K�� �J�U�D�S�H�� �V�H�H�G�� �H�[�W�U�D�F�W���D�V�� �G�R�F�X�P�H�Q�W�H�G�� �L�Q��

�3�X�E�O�L�F�D�W�L�R�Q���1�R���������D�Q�G���3�X�E�O�L�F�D�W�L�R�Q���1�R�������� 

 

�,�Q���W�K�H���V�X�E�V�H�T�X�H�Q�W���S�K�D�V�H�����W�K�L�V���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���G�H�O�Y�H�V���L�Q�W�R���W�K�H���H�I�I�H�F�W�V���R�I���W�K�H���F�R�Q�V�X�P�S�W�L�R�Q���R�I���F�R�R�N�L�H�V��

�F�R�Q�W�D�L�Q�L�Q�J�� �H�G�L�E�O�H�� �I�L�O�P�� �D�Q�G�� �I�U�X�L�W�� �E�\���S�U�R�G�X�F�W�V�� �R�Q�� �R�[�/�'�/�� �U�H�F�H�S�W�R�U�� �P�R�G�X�O�D�W�L�R�Q�� �L�Q�� �K�H�D�O�W�K�\�� �I�H�P�D�O�H��

�V�X�E�M�H�F�W�V�����D�V���G�H�V�F�U�L�E�H�G���L�Q���3�X�E�O�L�F�D�W�L�R�Q���1�R�����������)�X�U�W�K�H�U�P�R�U�H�����W�K�H���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���H�[�D�P�L�Q�H�V���F�R�Q�V�X�P�H�U�V�
��

�X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �Q�X�W�U�L�W�L�R�Q�D�O�� �S�U�L�Q�F�L�S�O�H�V���� �W�K�H�L�U�� �D�Z�D�U�H�Q�H�V�V�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �F�R�Q�F�H�U�Q�V���� �D�Q�G�� �W�K�H�L�U��
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�S�X�U�F�K�D�V�L�Q�J���L�Q�W�H�Q�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\�� �I�U�L�H�Q�G�O�\�� �F�R�R�N�L�H�V���L�Q���&�U�R�D�W�L�D���� �)�U�D�Q�F�H���� �D�Q�G���1�R�U�W�K��

�0�D�F�H�G�R�Q�L�D�����D�V���G�H�W�D�L�O�H�G���L�Q���3�X�E�O�L�F�D�W�L�R�Q���1�R�������� 

 

�7�K�U�R�X�J�K�R�X�W���W�K�L�V���G�L�V�V�H�U�W�D�W�L�R�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���U�H�V�H�D�U�F�K���L�Q�T�X�L�U�L�H�V���Z�H�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G�� 

1) �&�D�Q���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H���H�I�I�H�F�W�L�Y�H�O�\���V�X�E�V�W�L�W�X�W�H���D���S�R�U�W�L�R�Q���R�I���F�R�F�R�D���S�R�Z�G�H�U���L�Q���F�R�R�N�L�H�V��

�Z�K�L�O�H���S�U�H�V�H�U�Y�L�Q�J���W�K�H�L�U���V�H�Q�V�R�U�\���D�W�W�U�L�E�X�W�H�V�"�����6�X�S�S�O�H�P�H�Q�W�D�U�\�� 
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�H�Q�U�L�F�K�H�G���Z�L�W�K���J�U�D�S�H���V�H�H�G���H�[�W�U�D�F�W�"�����3�X�E�O�L�F�D�W�L�R�Q���1�R�������� 

3) �'�R�H�V���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���H�G�L�E�O�H���I�L�O�P�V���F�R�P�S�R�V�H�G���R�I���F�K�L�W�R�V�D�Q���D�Q�G���J�X�P���D�U�D�E�L�F�����H�Q�K�D�Q�F�H�G���Z�L�W�K��

�J�U�D�S�H���V�H�H�G���H�[�W�U�D�F�W�����L�P�S�D�F�W���W�K�H���T�X�D�O�L�W�\���D�Q�G���V�K�H�O�I���O�L�I�H���R�I���F�R�R�N�L�H�V�"�����3�X�E�O�L�F�D�W�L�R�Q���1�R�������� 

4) �+�R�Z�� �G�R�H�V�� �W�K�H�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �R�I�� �F�R�F�R�D�� �S�R�Z�G�H�U�� �Z�L�W�K�� �I�U�X�L�W�� �E�\���S�U�R�G�X�F�W�V���� �F�R�X�S�O�H�G�� �Z�L�W�K�� �W�K�H��

�D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �H�G�L�E�O�H�� �I�L�O�P�V���� �D�I�I�H�F�W�� �W�K�H�� �Q�X�W�U�L�W�L�R�Q�D�O�� �F�R�P�S�R�V�L�W�L�R�Q���� �D�Q�W�L�R�[�L�G�D�Q�W�� �F�D�S�D�F�L�W�\���� �D�Q�G�� �V�W�D�U�F�K��

�G�L�J�H�V�W�L�E�L�O�L�W�\���R�I���F�R�R�N�L�H�V�"�����3�X�E�O�L�F�D�W�L�R�Q���1�R�������� 

5) �&�D�Q���W�K�H���U�H�J�X�O�D�U���F�R�Q�V�X�P�S�W�L�R�Q���R�I���F�R�R�N�L�H�V�² �Z�K�H�U�H�������������R�I���F�R�F�R�D���L�V���U�H�S�O�D�F�H�G���E�\���J�U�D�S�H�����D�Q�G��
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�R�[�/�'�/���U�H�F�H�S�W�R�U���O�H�Y�H�O�V���L�Q���K�H�D�O�W�K�\���Z�R�P�H�Q�"�����3�X�E�O�L�F�D�W�L�R�Q���1�R�������� 

6) �:�K�D�W�� �L�V�� �W�K�H�� �P�D�U�N�H�W�� �S�R�W�H�Q�W�L�D�O�� �I�R�U���H�F�R���I�U�L�H�Q�G�O�\�� �F�R�R�N�L�H�V�� �L�Q�� �&�U�R�D�W�L�D���� �)�U�D�Q�F�H���� �D�Q�G�� �1�R�U�W�K��
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(i) Formulation of cookies where 24 % of cocoa was replaced with grape- and aronia pomace, 

and subsequently coated with edible films enriched with grape seed extract, without com-

promising sensory characteristics. 

(ii)  Comprehensive investigation of the physical and chemical attributes of edible films derived 

from chitosan and gum arabic, supplemented with grape seed extract. 

(iii)  Evaluation of the effects of incorporating edible films enriched with grape seed extract on 

the nutritional composition, antioxidant capacity, starch digestibility, and shelf-life exten-

sion of the final cookie products.  

(iv) Examination of the influence of consuming cookies containing grape- and aronia pomace-

combined with edible films enriched with grape seed extract, on oxLDL levels in healthy 

female participants. 
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(v) Analysis of market potential and consumer perceptions regarding whole grain cookies fea-

turing food by-products and edible films across Croatian, French, and North Macedonian 

population. 

(vi) Contribution to further explore the potential uses of by-products in advancing functional 

food applications.
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Abstract: Cookie consumption can change the serum level of oxidized low-density lipoprotein

(oxLDL) and oxLDL receptors, both playing important roles in the pathogenesis of atherosclerosis

and cardiovascular diseases. This study investigated the nutritional value and the antioxidant

activity of whole grain cookies in which 24% of the cocoa powder was substituted with grape and

aronia pomace and were further coated with edible �lms enriched with grape seed extract (GAP

with KGAE) as well as the effects of their consumption on the serum level of oxLDL receptors in

women. The proximate composition, mineral content, antioxidant activity, and starch digestibility

in vitro of experimental and control cookies were determined. A group of 12–13 healthy women

(median age 36) consumed 45 g of GAP with KGAE or commercial cookies for 10 days. The results

showed that GAP and KGAE cookies had increased �avonoid content (22%) and antioxidant potential

(27–73%) compared to the control. The content of slowly digestible starch prevailed over rapidly

digestible starch. The serum concentrations of the oxLDL receptors between the test and control

groups were similar. We can conclude that the moderate consumption of whole grain cookies with

fruit by-products does not lead to the formation of oxLDL receptors in healthy women.

Keywords: oxidized LDL receptor; starch digestibility; biscuits; chitosan; gum arabic; grape pomace;

aronia; chokeberry pomace; cocoa substitute; grape seed extract

1. Introduction

The excessive consumption of cookies that are high in sugar and saturated fat can lead
to chronic non-communicable diseases such as cardiovascular disease (CVD) and diabetes
type II [ 1]. CVD is a leading cause of premature death and disability in Europe, according
to the World Health Organization [ 2]. Cookie consumption changes the blood concentra-
tion of glucose, but also triglycerides, low-density lipoprotein (LDL), and high-density
lipoprotein [ 1]. This alone does not cause CVD because LDL must �rst be oxidized. If
there is an imbalance between radical formation (production of reactive oxygen species)
and radical removal (action of antioxidants), oxidized low-density lipoprotein (oxLDL)
can form [3]. The newly formed oxLDL triggers the onset of atherosclerosis in the fol-
lowing steps: increased expression of adhesion molecules on vascular endothelial cells,
the attraction of leukocytes to endothelial cells, the sequestration of leukocytes into the
intimal layer, macrophage activation, the release of cytokines and reactive oxygen species
(ROS), and plaque formation [4]. In addition, the lectin-like receptor-1 for oxLDL plays an

Appl. Sci.2023, 13, 5513. https://doi.org/10.3390/app13095513 https://www.mdpi.com/journal/applsci
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important role in triggering atherosclerosis since different actions commence when oxLDL
binds to the oxLDL receptor in different cell types. This binding increases the absorption
of oxLDL in vascular smooth muscle cells (VSMCs) and macrophages and promotes the
production of foam cells. Moreover, it induces apoptosis in VSMCs and contributes to
endothelial activation [5]. However, to our knowledge, no study investigated the effect of
cookie consumption on the formation of oxLDL receptors in humans.

Polyphenols and other antioxidants in human nutrition represent a valuable nutritional
tool in preventing CVD, diabetes, osteoporosis, and cancer [6]. Polyphenols counteract the
oxidation of LDL and the subsequent deposition of atherosclerotic material in tissues [ 7].
Epidemiological studies have shown that polyphenols present in berries [ 8], cocoa [9] and
red wine [10] are strong antioxidants that can slower CVD progression.

Recently, fruit-by products have become interesting for the recovery of their antioxi-
dants. Aronia or chokeberry ( Aronia melanocarpa) is the richest source of polyphenols among
berry fruits [ 11], with a very high content of procyanidins, anthocyanidins, and phenolic
acids, while �avonols are present in lower amounts [ 12]. Aronia is mostly used for juice
production, in which aronia pomace remains a by-product. In addition to their high antiox-
idant capacity, the main polyphenolic constituents of aronia also possess anti-in�ammatory,
anticancer, antimicrobial, antiviral, antidiabetic, antiatherosclerotic, antihypertensive, an-
tiplatelet, and anti-in�ammatory properties [ 13]. Grapes (Vitis vinifera), are one of the
most widely grown crops worldwide [ 14] and are used for wine or juice production. The
remaining grape pomace and seeds contain signi�cant amounts of dietary �ber with high
antioxidant activity due to the natural presence of polyphenols and other bioactive com-
pounds, indicating the potential use of this sustainable resource as a food or beverage
ingredient [ 15–18]. In our previous studies, we found that up to 24% of cocoa powder can
be successfully replaced in cookie recipes with a mixture of grape and aronia pomace (GAP)
without affecting their sensory acceptability [18].

Polysaccharide-based edible �lms are a form of biodegradable food packaging [ 19] that
not only ful�ll the role of protection but also reinforce the mechanical strength and enhance
the phenolic content of a food [ 20]. Edible �lms are used for various food categories,
including baked goods [ 20,21]. Previously, we found that the application of an edible �lm
based on chitosan and gum arabic enriched with grape seed extract (KGAE) positively
affects cookies' shelf life [20]. Although there is great interest in the health bene�ts of edible
�lms enriched with bioactive compounds, the detailed nutritional pro�le of coated cookies
is missing.

The aim of the present study was to investigate the effects of replacing cocoa powder
with fruit by-products and the application of edible �lm on the nutritional value, antiox-
idant activity, and starch digestibility of cookies. The second goal of this study was to
investigate the effects of cookies consumption on oxLDL receptors in healthy women.

2. Materials and Methods
2.1. Materials for Preparation of Cookies and Edible Films

Fine rolled oats (Crown�eld, Germany) with a protein content of 13.5% and whole
spelt �our (Siladi, Croatia) with a protein content of 12% were purchased at a local market.
Margarine (containing 30% butter) (70% fat) and cocoa powder (20% fat) were purchased
from Zvijezda and Kraš (Zagreb, Croatia), respectively. Dried red grape pomace ( Vitis
vinifera L., Frankovka and Syrah varieties, with seeds, containing 9.2% fat) and aronia
pomace (Aronia melanocarpaL., without seeds, containing 4.0% fat) were obtained as by-
products from local juice producers (Davorka Šipek, Natkri�ovljan, Cestica municipality,
and Tomislav Jurendić, Koprivnica, Croatia). Dried grape and aronia pomaces (7 g) were
ground in a laboratory ball mill (Cryomill, Retsch, Golling an der Salzach, Austria) with
12 steelballs (10 mm diameter) for 3 min in a 50-mL stainless steel container at a vibration
frequency of 30 Hz to achieve the median diameter of the 50th percentile (36 � 5 � m)
similar as cocoa powder (41 � 3 � m) [18].
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The edible �lm was prepared using chitosan (France Chitin, Orange, France, type 652,
Mw 165 kDa, DA > 85%), gum arabic (GA) (Enologica vasons. p.a., San Pietro in Carino,
Italy) and MegaNatural Gold grape seed extract (GSE) donated by Polyphenolics (Madera,
CA, USA; the total phenolic content was 90%, expressed as mg of gallic acid equivalent per
100 g). GSE was stored in its original packaging at � 18 � C. A �lm-forming solution (FFS)
was prepared using acetic acid (Merck, Darmstadt, Germany) and puri�ed water.

2.2. Cookies and Edible Film Preparation

Three types of cookies were prepared according to Molnar et al. [ 20]: control cocoa
cookies without fruit pomace in the recipe (CC), cookies enriched with grape and aronia
pomace (GAP), and cookies with grape and aronia pomace covered with edible �lm (GAP
with KGAE). The recipe for CC contained (with a percentage of spelt �our and oat �akes
combined weight in brackets): �ne rolled oats 300 g, whole spelt �our 252 g, margarine
200 g (36.2%), brown sugar 135 g (24.5%), cocoa powder 48 g (8.7%), vanilla sugar35 g
(6.3%), tap water 20 g (3.6%), salt 4 g (0.7%), baking powder 3 g (0.5%), and sodium
bicarbonate 3 g (0.5%). In GAP and GAP with KGAE, 11 g (23.6%) of cocoa powder was
replaced with a mixture of grape pomace (8.2 g which is 17.5% of cocoa) and aronia pomace
(2.8 g which is 6.1% of cocoa) [18].

The FFS, consisting of chitosan, GA and GSE, was prepared as described previously by
Molnar et al. [ 21]. First, chitosan powder was dissolved in 1% ( v/ v) aqueous acetic solution
while GA powder was dissolved in distilled water to obtain 5% ( w/ v) solutions. Then, GSE
(1 g/L) was added to the GA solution and mixed for 40 min on a magnetic stirrer. Finally,
the GA containing GSE and the chitosan solutions were mixed in a 50:50 ratio to obtain
an active FFS (KGAE). After spraying KGAE over the GAP cookies, they were dried for
30 min at 80 � C in an oven [20].

CC, GAP, and GAP with KGAE were used for nutritional and biochemical analyses as
well as for the determination of starch digestibility, while GAP with KGAE was used in the
intervention study along with commercial cookies.

Commercial cookies (Cioccograno, Mulino Bianco, Barilla) purchased at the local
market contained 22 g of fat of which 10 g were saturated fatty acids, 60.4 g of carbohydrates
of which 23.4 g were sugars, 7.6 g of protein, 6.3 g of dietary �ber and 0.43 g of salt per
100 g.

2.3. Determination of Proximate Composition of Cookies

Ash content was determined after incineration at 550 � C according to the AACC
08-01 method [22]. Moisture content was determined gravimetrically using a moisture
analyzer (PMB53 Adam Equipment, Oxford, CT, USA). Protein content was analyzed
according to the standard Kjeldahl method [ 23] and the conversion factor 6.25 was used
for the calculation. Fat content was analyzed according to ISO 6492:1999 [24] and using
the Foss Soxtec TM 8000 extraction system and the Foss Hydrotec TM 8000 Hydrolasys
system (Foss, Hilleroed, Denmark), while the methyl esters of fatty acids [saturated (SFA),
monounsaturated (MUFA) and polyunsaturated (PUFA)] were determined in accordance
with ISO 12966-4:2015 [25] using an Agilent 7890B gas chromatograph (Santa Clara, CA,
USA). Crude �ber content was measured using the FIBERTEC 2010 and M6 (Foss Analytical
AB, Höganäs, Sweden). The method is based on successive steps of chemical treatments
to dissolve the non-�ber components and the �nal determination of the residue obtained.
The determination of mineral content was performed according to the European standards
EN 14084:2003 [26] and EN 15763:2010 [27]. The determination of ash, protein and fat
content was performed in duplicate, while the determination of crude �ber and minerals
was performed in triplicate for each cookie sample.

2.4. In Vitro Starch Digestibility

Starch digestibility was studied in vitro using a slightly modi�ed method of En-
glyst [ 28], which directly correlates with the glycemic response [ 29]. The method is based
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on the measurement of glucose released from a test food during a time-limited incubation
with digestive enzymes under controlled conditions and allows the determination of free
glucose (FG), rapidly available glucose (RAG), rapidly digestible starch (RDS), slowly
digestible starch (SDS), resistant starch (RS), and total starch (TS). Heat-stable amylase
(A3306) used to determine total starch, as well as pancreatin (P7547), amyloglucosidase
(A7095), and invertase (I4504) used forin vitro hydrolysis of starch, were purchased from
Sigma Aldrich Co. (St. Luis, MO, USA). The absorbance of the standards and samples
was measured at 490 nm using a microplate reader (VICTOR X3, PerkinElmer, Shelton, CT,
USA). The following formulas were used to calculate TS, RDS, SDS, RS, and RAG:

TS = (TG � FG) � 0.9 (1)

RDS = (G20 � FG) � 0.9 (2)

SDS = (G120 � G20) � 0.9 (3)

RS = (TG� G120) � 0.9 (4)

RAG = At � Vt � C � D/As � Wt � 100 (5)

where G20 represents glucose released after 20 min, G120 represents glucose released after
120 min, At is the absorbance of the test solution, Vt is the total volume of the test solution,
C is the concentration of standard (mg glucose/mL), D is the dilution factor, As is the
absorbance of standard and Wt is the weight (in mg) of the sample taken for analysis.

2.5. Determination of Flavonoid Content and Antioxidant Activities

The extract was prepared as described by Molnar et al. [20]. It was used for the
measurement of �avonoid content and antioxidant activities in triplicate using a UV
1600PC spectrophotometer (VWR International, Leuven, Belgium).

For the determination of �avonoid content, 2 mL of the extract, 1.5 mL of 96% ethanol,
0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate, and 100 � L of distilled
water were pipetted into a cuvette. A blank sample was prepared in the same manner, using
the extraction solvent instead of the extract and distilled water instead of 10% aluminum
chloride. After 30 min, the absorbance was measured at 415 nm. The six-point calibration
curve (0.02–0.10� mol/mL) was prepared using a rutin standard solution.

For the ferric reducing antioxidant power (FRAP) assay, 300 � L of the extract was
mixed with 200 � L of methanol and acetone solution (50:50, v/ v) and 2 mL of the FRAP
reagent (temperate at 37� C) was immediately added. The absorbance was measured at
593 nm. Radical scavenging activity was determined using 2,2-diphenyl-1-picrylhydrazyl
(DPPH). In a microcuvette, 150 � L of the extract was mixed with 0.95 mL of a 0.06 mM
DPPH solution. After standing in the dark for 30 min, absorbance was measured at 517 nm.
For the 2,20-Azinobis-(3-ethylbenzthiazolin-6-sulfonic acid) (ABTS) assay, 150 � L of the
extract was mixed well with 2 mL of ABTS + and shaken. The extraction solvent was used
for the blank samples. The absorbance was measured after 6 min with a blank sample
(extraction solvent instead of extract) at 734 nm. The �ve-point standard calibration curves
(0.02–0.10� mol/mL) were prepared for FRAP, DPPH, and ABTS antioxidant tests using a
Trolox solution (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid).

2.6. Determination of oxLDL

The study was designed as a randomized controlled trial. It was carried out in May
2021, at the University Hospital Center Sestre Milosrdnice, the Department of Clinical
Chemistry (Zagreb, Croatia).
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2.6.1. Subjects

A cohort of 25 women (aged 23–60) was randomly divided into two groups. The
control group included 12 women who consumed 45 g of commercial cookies (Cioccograno,
Mulino Bianco, and Barilla). The test group included 13 women who consumed 45 g of
GAP with KGAE. Participants were advised to eat 30 g of cookies at breakfast and 15 g of
cookies between meals daily for 10 days. Study participants were nonsmokers, did not
suffer from chronic diseases, were not taking medications to treat cardiovascular diseases,
and had not taken dietary supplements for at least three months prior to the start of the
study. Subjects who were pregnant, had a body mass index (BMI) of >30 kg/m 2, or were
vegetarians were excluded because these factors affect oxidative stress, which would affect
the results of the study. In addition, subjects who consumed more than 500 mL of �avonoid-
rich foods (tea, coffee, cocoa, fruit juices) were excluded, as determined by a food intake
frequency questionnaire. Subjects suffering from allergies to any of the ingredients were
also excluded. All subjects were asked to maintain their usual lifestyle and to report any
illness if it occurred during the study. All participants signed an informed consent form to
participate in this study.

2.6.2. Anthropometric and Biochemical Parameters

Assessment of participants included anthropometric measurements (body height (BH),
bodyweight (BW), and waist and hip circumference), dietary methods (Food Frequency
Questionnaire (FFQ)), and biochemical methods (determination of glucose, triglycerides,
total cholesterol, HDL and LDL cholesterol, oxLDL receptor, and iron in blood/serum).
Anthropometric measurements were performed at baseline to calculate body mass index
(BMI = BW (kg)/BH 2 (m)), and waist-to-hip ratio (WHR). All necessary information about
the study participants (age, level of education, number of people in the household, alcohol,
medications, dietary supplements, allergy status, frequency of consumption of food pre-
pared outside the home, and level of physical activity) was provided in the �rst section of
the FFQ. The reference period for data collection was the month preceding the participation.

Dietary intake was followed using the modi�ed validated FFQ [ 30]. Foods were
divided into nine categories (cereals, fruits, vegetables, dairy products, legumes, fats, nuts
and seeds, sweets, and beverages). A Likert scale was used to determine frequencies and
the following responses were possible: always (every day—5), often (three to �ve times a
week—4), sometimes (once a week—3), rarely (once or twice a month—2), and never (1).

All biochemical parameters were measured at the beginning of the study in the fasting
state, while the oxLDL receptor was also measured 2 h after consumption of cookies, and
after 10 days of the intervention. Glucose, iron, and lipid pro�le concentrations were
measured with the Abbott Architect c8000 (Abbott Laboratories, Chicago, IL, USA) using
the manufacturer's original reagents. The oxidized LDL receptor was determined using
an enzyme-linked immunosorbent assay (ELISA) kit for lectin-like oxidized LDL receptor
1 (LOX1) (SEB859Hu 96) (CLOUD-CLONE CORP., Houston, TX, USA) according to the
manufacturer's instructions. Brie�y, the method is a double antibody sandwich ELISA
on wells precoated with a LOX1-speci�c antibody. After incubation of the standards
and samples with the pre-coated wells, the next step was to add avidin conjugated to
horseradish peroxidase followed by biotin-conjugated antibodies to each well. When the
3,305,50-Tetramethylbenzidine substrate is added, the color of the wells changes only in
the presence of LOX1. Sulfuric acid stops the reaction. The concentration of LOX1 in the
samples is proportional to the color intensity measured at 450 nm. The detection range
of the method is 12.5–800 pg/mL. The ELISA was performed manually, with automated
washing steps on the Hydro�ex Microplate Washer, and absorbance was measured on
In�nite F50 Readers (Tecan Ltd., Männedorf, Switzerland).
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The data collected from the subjects were kept con�dential. Moreover, the names of the
subjects were encrypted during the processing of the sample and the analysis of the results
and were known only to the principal investigator. At the end of the study, all personal
data and biological materials were disposed of appropriately. Approval for this research
was granted by the Ethics Committee of the University Hospital Center Sestre Milosrdnice
(251-29-11-21-01-9) and the Ethics Committee of the Faculty of Medicine, University of
Zagreb (380-59-10106-21-111/122).

2.7. Data Analysis

Statistical differences between chemical composition, antioxidant level, and starch
digestibility were assessed using one-way analysis of variance (ANOVA) and Tukey's
multiple comparison tests. Results of the FFQ are expressed as a median with 25th and 75th
percentile using a box plot obtained in Statistica 10 (StatSoft, Tulsa, OK, USA). Biochemical
data were analyzed using the Mann-Whitney test or Fisher's exact test and the Spearman
correlation coef�cient. The nonparametric paired test (Wilcoxon's signed-rank test) was
used to compare differences before and after the intervention within the same group. Xlstat-
Pro (win) 7.5.3 GraphPad Prism 8.4.3 was used for statistical analysis (Addinsoft, New
York, NY, USA). A signi�cance level of p < 0.05 was considered in all statistical analyses.

3. Results and Discussion
3.1. Proximate Composition of Cookies

The nutritional pro�le of CC, GAP, and GAP with KGAE is shown in Table 1. The
cookies differed slightly in fat, saturated fat, protein, crude �ber, TS, glucose, and mineral
content, suggesting that fruit by-products (grape and aronia pomace) can be successfully
used as a partial substitute for cocoa powder.

In all types of cookies, SDS prevailed over RDS. Lower RDS content and higher SDS
content directly correlate with a lower glycemic response [ 29,31]. The amount of SDS
was 1.3- to 2-fold higher in our cookies compared with the results of Garsetti et al. [ 31],
suggesting that their consumption might lead to longer satiety and that the cookies might
have a medium to low glycemic index.

A signi�cantly higher RDS (19%) was observed in GAP with KGAE than in CC. This
could be due to the spraying of water-based edible �lm over cookies and the subsequent
drying process. Starch in cookies is only partly gelatinized, but heating in the presence of
water leads to a disruption of the inter- and intramolecular hydrogen bonds between starch
chains, causing the chains to separate and become more available to digestive enzymes [32].
In contrast to our results, Diao et al. [ 33] found that the addition of 3% and 6% chitosan
lowered the digestion rate of waxy maize starch by reducing amylase-driven hydrolysis
reactions. Here, the chitosan was applied on the cookie surface in the form of an edible
�lm. Similarly, Bae et al. [ 34] found that the addition of up to 2% of GA effectively reduces
in vitro starch digestibility by lowering RDS content while increasing the RS content of
Segoami rice noodles. However, since our results showed that cookies containing GAP
with KGAE had the highest RDS, it may be that a thicker layer of edible �lm must be used
to represent an appropriate choice for lowering the glycemic index of the �nal product.
In addition to �ber, RS has a positive effect on the natural �ora of the gastrointestinal
tract [35] and was present in all three cookie varieties. In both of our modi�ed cookies, GAP
and GAP with KGAE, the RS content increased, although the difference was insigni�cant
from CC.
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Table 1. Proximate composition, starch digestibility in vitro , minerals, and antioxidant activity (FRAP,
ABTS and DPPH) of different types of cookies.

Parameter CC GAP GAP with KGAE

Total Fat (g/100 g) 18.65 � 0.17a 18.35� 0.16a 19.16� 0.08b

SFA (g/100 g) 8.2 � 0.08a 8.1 � 0.08a 8.4 � 0.04b

MUFA (g/100 g) 6.6 � 0.06a 6.5 � 0.09a 6.8 � 0.03b

PUFA (g/100 g) 3.4 � 0.03a 3.3 � 0.05b 3.4 � 0.01a,b

TS (% dry weight) 39.99 � 0.54a 42.69� 1.49a 41.96� 0.94a

RDS (% dry weight) 17.63 � 14.41a 18.63� 0.47a,b 21.06� 1.45b

SDS (% dry weight) 21.46 � 2.03a 21.40� 2.62a 19.02� 3.40a

RS (% dry weight) 0.88 � 0.43a 2.65� 1.45a 1.88� 1.87a

RAG (% dry weight) 29.49 � 1.23a 30.71� 0.47a 32.70� 1.82a

Free Glucose (% dry weight) 9.89 � 0.33a 10.01� 0.21a 9.30� 0.32a

Protein (g/100 g) 10.1 � 0.01a 8.9 � 0.16a 9.3 � 0.01b

Crude �ber (g/100 g) 2.29 � 0.06a 2.20� 0.01a 2.15� 0.05a

Minerals as ash (g/100 g
dry weight)

2.04� 0.18a 1.99� 0.11a 1.99� 0.17a

Iron (mg/kg) 33 � 2 b 35 � 1 a 33 � 2 b

Calcium (mg/kg) 60 � 3 a 59 � 3 a 52 � 2 b

Magnesium (mg/kg) 326 � 12 a 292 � 24 b 239 � 19 c

Sodium (mg/kg) 4206 � 25 a 3649� 31 b 3376� 29 c

Flavonoid (mmol rutin/100 g
dry weight)

0.145� 0.02a 0.139� 0.02a 0.177� 0.02b

FRAP (mmol Trolox/100 g
dry weight)

3.022� 0.11c 3.963� 0.03b 4.316� 0.21a

ABTS (mmol Trolox/100 g
dry weight)

11.47� 0.58a 13.88� 0.46b 14.58� 0.90c

DPPH (mmol Trolox/100 g
dry weight)

0.074� 0.01a 0.110� 0.01b 0.128� 0.01c

Different letters (a–c) in the same row indicate signi�cant results ( p < 0.05, Tukey's test). CC—cocoa cook-
ies; GAP—cookies with grape and aronia pomace; GAP with KGAE—cookies with grape and aronia pomace
and edible �lm; SFA—saturated fatty acids; MUFA—monounsaturated fatty acids; PUFA—polyunsaturated
fatty acids; TS—total starch: RDS—readily digested starches; SDS—slowly digested starches; RS—resistant
starches; RAG—rapidly available glucose, FRAP—ferric reducing antioxidant power; ABTS—2,2 0-Azinobis-
(3-ethylbenzthiazolin-6-sulfonic acid); DPPH—2,2-diphenyl-1-picrylhydrazyl.

The mineral composition differed between the cookies. The iron content was slightly
higher in GAP than in the other two samples, probably due to the addition of red grape
pomace. According to the literature, iron content in cocoa powder is about 25 mg/100 g [ 36];
in dry aronia pomace, it ranges from 7.5 to 8.6 mg/100 g [ 12]; whereas in red grape pomace,
it ranges from 117 to 398 mg/100 g of dry weight, depending on the grape variety [ 37]. The
concentrations of calcium and magnesium were higher in CC (13% and 27% respectively)
than in GAP with KGAE, whereas GAP content was in between. This could be due to the
fact that cocoa is naturally abundant in calcium and magnesium, which could reduce the
risk of hypertension and atherosclerosis [ 36,38]. On the other hand, CC had also the highest
sodium content, which is disadvantageous in the risk of CVD [ 2,38]. It is interesting to note
that GAP with KGAE was lower in each mineral analyzed than the GAP sample. It could
be due to the presence of GA in edible �lm, which has been reported to be effective in the
removal of boron [ 39]. Therefore, future studies should investigate the effect of edible �lms
on the bioaccessibility of essential minerals in foods.
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The �avonoid content was the highest in GAP with KGAE, which was 21% higher
compared with CC. This agrees with the total phenolic content measured in our previous
study [ 20]. The CC showed the lowest antioxidant potential, which indicated the relevance
of using fruit by-products in cookies. The FRAP antioxidant capacity of aronia pomace
is 52.2� 0.2 mmol TE/100 g on a dry weight basis [ 40]. In grape pomace, it ranges from
110 to 530� mol TE/g [ 41]. In comparison, cocoa powders have FRAP antioxidant activity
from 110–454� mol TE/g [ 42], of which 54% is lost in baking [ 43]. Foods with higher
amounts of polyphenols (such as anthocyanins, �avonols, and phenolic acids) have a
greater ability to reduce Fe and scavenge both DPPH and ABTS [42]. In this study, GAP
with KGAE showed the highest antioxidant potential in every antioxidant assay, which
depending on the test was 27–73% higher compared to CC, and even 5–9% higher than
GAP. Similarly, Paw�owska et al. [ 44] found an increased antioxidant activity (36% in ABTS
and 83% in DPPH) in muf�ns in which cocoa powder was completely replaced with carob
powder (5% at �our basis). We showed an additional bene�t of applying an edible �lm
with GSE as a source of antioxidants since the FFS contained phenolics at a concentration
of 0.71 gGAE/L [ 20]. Our results agree with the study of C ¡ diz-Gurrea et al. [ 45] who
showed that GSE shows a stronger antioxidant capacity and a higher phenolic and �avan-
3-ol content than cocoa.

Due to the highest antioxidant potential and �avonoid content, GAP and KGAE were
further used for the intervention study in comparison with the commercial cookies of
similar proximate composition.

3.2. Baseline Characteristics

Characteristics and concentrations of biochemical parameters at baseline for the control
and test groups are shown in Table 2 and the results of the FFQ are shown in Figure 1.

The participants in the study had normal BMI. Most of the women, particularly in
the test group, were physically active and consumed dietary supplements and alcohol
(p = 0.041). This can be explained by the fact that many women probably exercise and
take supplements to achieve the socially prescribed ideal body image [ 46]. Most of the
biochemical parameters did not differ at baseline. The only statistically signi�cant difference
was observed in the higher concentration of HDL cholesterol in the test group ( p = 0.029),
which could be due to their higher consumption of �sh and marine products compared to
the control group (Figure 1). However, the concentrations for both groups were within the
reference interval, so this difference was not considered clinically relevant.

Figure 1. Box-Whisker plot of food frequency questionnaire by the control and test group (median
with 25th and 75th percentile (Box value) and non-outlier range (Whisker value); markers � denote
outliers and * extreme).
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Table 2. Baseline characteristics of the subjects at the beginning of the study (with p value between
the control and test group).

Parameter Total
Control
Group

Test Group p

Age (years) median (range)
(span)

36 (23–60) 36 (23–60) 36 (25–46) 0.200 *

Chronic disease (N/total) 6/25 2/12 4/13 0.645 **

Medicaments (N/total) 7/25 2/12 5/13 0.378 **

Allergies (N/total) 1/25 1/12 0/13 0.480 **

Alcohol consumption
(N/total)

13/25 4/12 9/13 0.115 **

Physical activity (N/total) 16/25 5/12 11/13 0.041 **

Food supplements
(N/total)

10/25 2/12 8/13 0.041 **

BMI (kg/m 2) (span) 22.3 (19.6–24.5) 22.1 (19.6–24.9) 22.2 (19.1–24.5) 0.957 *

Waist circumference (cm) 76 (68–86) 77 (74–80) 72 (67–87) 0.869

Hip circumference (cm) 98 (90–105) 101 (87–105) 96 (91–107) 0.717

Waist-to-hip ratio 0.77 (0.74–0.81) 0.77 (0.75–0.80) 0.78 (0.71–0.83) 0.716

Blood glucose (mmol/L) 5.0 (4.8–5.3) 5.2 (5.0–5.3) 5.0 (4.7–5.2) 0.218 *

Cholesterol (mmol/L) 4.7 (4.2–5.2) 4.6 (4.0–5.3) 4.7 (4.4–5.1) 0.604 *

Cholesterol HDL
(mmol/L)

1.6 (1.5–1.7) 1.5 (1.4–1.6) 1.7 (1.6–1.7) 0.029 *

Cholesterol LDL (mmol/L) 2.5 (2.3–3.1) 2.5 (2.1–3.2) 2.5 (2.3–2.9) 0.849 *

Triglycerides (mmol/L) 0.8 (0.7–1.1) 0.8 (0.7–1.3) 0.8 (0.7–1.0) 0.509 *

Iron (Fe) (� mol/L) 16 (11–20) 13 (10–17) 18 (11–24) 0.210 *

UIBC (� mol/L) 41 (32–52) 40 (34–50) 41 (32–53) 0.849 *

TIBC (� mol/L) 57 (53–63) 55 (51–61) 63 (53–65) 0.126 *

Fe saturation (%) 27 (19–38) 26 (18–32) 35 (19–39) 0.369 *

* Mann-Whitney test, ** Fisher exact test. BMI—body mass index; UIBC—unsaturated iron-binding capacity;
TIBC—total iron binding capacity.

Food-item consumption frequencies are on a 1 to 5 Likert scale (5—every day; 4—three
to �ve times a week; 3—once a week; 2—one to two times a month; 1—never).

The diet of participants contained items from each food group. The consumption of
biscuits/cake/milk chocolate (including some extremes) was higher while the consumption
of �sh and marine products was lower in the control group than in the test group.

3.3. Oxidized LDL Receptor

The concentration of oxLDL receptors did not statistically differ between the test or
control group at the beginning or the end of the study (mean 0.41 ng/mL and 0.39 ng/mL,
respectively; p = 0.462) (Table 3).

There was no statistically signi�cant predictor of change in concentration of the oxLDL
receptors at day 10 in either group (Table 4), which was con�rmed by the study results.

Similar to our results, Pokimica et al. [ 47] found 100 mL/day of aronia juice (choke-
berry) at a high or low polyphenol dose during the 8-week intervention had no positive
effect on the change in oxLDL levels. A similar randomized, double-blind trial of forty-
four patients who had suffered myocardial infarction found that oxLDL levels in the
intervention group decreased signi�cantly by 29% after 6 weeks of oral intake of aronia
�avonoid extract [ 48]. It should be noted that this study was performed on patients after
myocardial infarction who received concomitant statin therapy. In addition, several studies
reported the potential of hydroxytyrosol-enriched biscuits for lowering oxidized LDL levels
in humans [ 49,50]. Nevertheless, it must be considered that the above studies observed
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the effect of chokeberry extract or grape pomace only on oxLDL and not on the oxLDL
receptor. Moreover, the putative bene�ts of increased consumption of polyphenols have
limited bioavailability and the mechanisms by which these compounds may modulate
lipid metabolism should be further investigated. Here, we can conclude that whole grain
cookies can be safely consumed in moderate amounts without the risk of increasing oxLDL
in healthy women.

Table 3. Concentration of oxidized low-density lipoprotein (oxLDL) receptors in control and test
group at the beginning of the study and after intervention.

Parameter Total Control Group Test Group
p (Control vs. Test

Group)

oxLDL receptor (0 h) (ng/mL) 0.29 (0.18–0.47) 0.29 (0.19–0.52) 0.29 (0.18–0.47) 0.765 *
oxLDL receptor (after 2 h)
(ng/mL)

0.42 (0.25–0.48) 0.37 (0.24–0.45) 0.45 (0.30–0.60) 0.276 *

p (0 vs. 2 h) 0.753 ** 0.917 **
oxLDL receptor (after 10 days)
(ng/mL)

0.42 (0.27–0.46) 0.43 (0.24–0.45) 0.37 (0.27–0.50) 0.744 *

p (0 vs. 10 days) 0.583 ** 1.000 **
p (2 h vs. 10 days) 0.480 ** 0.600 **

* Mann-Whitney test; ** Wilcoxonov test.

Table 4. Logistic regression analysis of the prediction of the fall in oxidized low-density lipoprotein
(oxLDL) receptor concentration on the 10th day of study.

Control Group Test Group

OR 95% CI p OR 95% CI p
Age 1.02 0.92–1.14 0.684 0.85 0.63–1.14 0.276
Chronic disease 2.33 0.11–50.99 0.590 0.42 0.03–5.71 0.512
Medications - - 0.997 0.25 0.02–3.34 0.295
Alcohol 2.27 0.55–9.35 0.255 0.94 0.27–3.28 0.922
Physical activity 1.67 0.15–18.88 0.680 0.57 0.03–11.85 0.718
Food supplementation - - 0.998 0.22 0.02–2.45 0.219
BMI (kg/m 2) 1.11 0.73–1.69 0.613 0.76 0.50–1.17 0.212
Waist circumferences (cm) 0.94 0.80–1.11 0.464 0.94 0.82–1.07 0.316
Hip circumferences(cm) 0.97 0.84–1.10 0.607 0.91 0.77–1.06 0.23
WHR - - 0.549 - - 0.620
Glucose (mmol/L) 0.13 0.00–5.32 0.280 21.35 0.36–1252.45 0.141
Cholesterol (mmol/L) 2.16 0.59–7.94 0.246 2.44 0.21–28.26 0.476
Cholesterol HDL (mmol/L) 11.22 0.01–12,329.25 0.499 0.50 0.00–95.95 0.795
Cholesterol LDL (mmol/L) 2.27 0.50–10.33 0.287 3.17 0.26–38.37 0.365
Triglycerides (mmol/L) 5.32 0.12–229.97 0.384 0.88 0.03–22.34 0.940
Iron ( � mol/L) 1.10 0.87–1.39 0.401 1.05 0.89–1.24 0.593
UIBC (� mol/L) 0.86 0.70–1.05 0.139 0.98 0.88–1.09 0.711
TIBC (� mol/L) 0.81 0.61–1.08 0.145 0.99 0.86–1.15 0.964
Fe saturation (%) 1.08 0.94–1.24 0.264 1.03 0.94–1.13 0.553

OR—odds ratio; 95% CI—95% confidence interval; BMI—body mass index; WHR—waist-to-hip ratio;
UIBC—unsaturated iron-binding capacity; TIBC—total iron binding capacity.

3.4. Oxidized LDL Receptor and Waist Circumference

In our study, we observed an inverse correlation between waist circumference and
oxLDL receptor concentration in the control group on the 10th day of the study (r = � 0.67;
p = 0.034) (Table 5), but not in the test group. A possible reason for this could be a wider
range of waist circumference in the test group.
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Sikora et al. [51] conducted a study to investigate the effects of two-month supple-
mentation with aronia extract on angiotensin-converting enzyme activity in patients with
metabolic syndrome. They showed a slight decrease in BMI (30.9 to 30.4 kg/m 2; p < 0.001)
and a moderate decrease in waist circumference (95–93.7 cm;p = 0.001) in the obese popula-
tion compared to the control group, which showed a sharp increase in both parameters.
Several other studies investigating the effects of 300–500 mg of aronia extract per day on
overweight/obese patients with metabolic syndrome found no association between oxLDL
and waist circumference or change in waist circumference alone [ 52,53]. In our study, we
did not observe a correlation between BMI and oxLDL receptors, which may be because
our participants had normal BMI.

Table 5. Correlation of concentration of oxidized low-density lipoprotein (oxLDL) receptor with
anthropometric parameters in control and test group.

Parameter
oxLDL Receptor (2 h) oxLDL Receptor (10 d)

Control Group Test Group Control Group Test Group
r * p r * p r * p r * p

Age � 0.25 0.443 � 0.43 0.141 0.05 0.880 0.29 0.336
Body mass index (kg/m 2) � 0.14 0.665 � 0.11 0.734 � 0.42 0.176 0.48 0.094
Waist circumference (cm) � 0.18 0.614 � 0.13 0.680 � 0.67 0.034 0.31 0.336
Hip circumference (cm) � 0.34 0.334 � 0.25 0.429 � 0.31 0.390 0.25 0.436
Waist-to-hip ratio � 0.12 0.748 0 0.983 � 0.60 0.068 0.39 0.216

* Spearman's rank correlation coef�cient. Values in bold indicate statistically signi�cant results.

3.5. Oxidized LDL Receptor and Serum Iron

We observed quite contradictory results regarding the relationship between serum
iron and oxLDL receptor levels (Table 6).

Table 6. Correlation of oxidized low-density lipoprotein (oxLDL) receptor concentration with bio-
chemical parameters in the control and test groups.

Parameters
oxLDL Receptor (2 h) oxLDL Receptor (10 Days)

Control Group Test Group Control Group Test Group
r * p r * p r * p r * p

Glucose (mmol/L) � 0.15 0.637 0.52 0.067 � 0.33 0.294 � 0.23 0.443
Cholesterol (mmol/L) 0.33 0.290 � 0.22 0.472 0.13 0.678 � 0.03 0.921
Cholesterol HDL (mmol/L) 0.40 0.197 0.08 0.784 0.30 0.352 0.22 0.473
Cholesterol LDL (mmol/L) 0.33 0.296 � 0.17 0.579 0.19 0.554 0.04 0.886
Triglycerides (mmol/L) � 0.25 0.429 0.15 0.618 0.21 0.518 � 0.01 0.964
Iron (Fe) (� mol/L) 0.25 0.434 0.08 0.788 0.69 0.012 � 0.62 0.022
UIBC (� mol/L) � 0.23 0.476 � 0.19 0.530 � 0.47 0.121 0.23 0.452
TIBC (� mol/L) � 0.31 0.331 � 0.39 0.193 � 0.02 0.948 � 0.28 0.356
Fe saturation (%) 0.29 0.358 0.04 0.897 0.61 0.037 � 0.47 0.105

* Spearman's rank correlation coef�cient. Values in bold indicate statistically signi�cant results. HDL—high-
density lipoprotein; LDL—low-density lipoprotein, UIBC—unsaturated iron-binding capacity; TIBC—total iron
binding capacity.

The oxLDL receptor had a signi�cant direct relationship with serum iron levels (r = 0.69;
p = 0.012) and iron saturation (r = 0.61; p = 0.037) in the control group and a signi�cant in-
verse relationship with serum iron levels (r = � 0.62;p = 0.022) and iron saturation (r = � 0.47;
p = 0.105) in the tested group at day 10. This could be due to the fact that the control group
had a lower serum iron concentration at baseline. Whether this was a coincidence remains
to be determined, but it is known that aronia pomace has an indirect effect on increasing
blood iron levels [ 54]. Jakovljevic et al. [53] demonstrated that oral supplementation with
aronia extract (0.45 mL/kg/day) for four weeks in combination with different diets (high
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fat vs. standard) resulted in a signi�cant increase in serum iron levels in rats regardless of
diet. In contrast to our results, Brouwers et al. [ 55] found in their study that serum ferritin
concentration and haptoglobin phenotype (Hp) were independently associated with circu-
lating oxLDL levels in males. On the other hand, D'Amelio et al. [ 56] showed in their study
that the association depends on iron-related genes, especially haptoglobin phenotypes. The
Hp of the individual has antioxidant properties and determines the availability of iron to
the cells. It could be that the Hp was not uniform in our subjects and thus contributed to
the different results. A recent study that examined the relationship between iron stress and
oxidative damage in patients with metabolic syndrome found a strong association between
serum ferritin and oxLDL levels. In fact, people with elevated ferritin and oxLDL levels
had a higher risk of metabolic syndrome [ 57]. In addition, there is evidence that some
polyphenols may affect the bioavailability of iron, which in turn may increase the risk of
developing cardiovascular disease, especially in higher-risk populations [58].

Our study has some possible limitations. The size of the groups studied was small, and
they were only composed of healthy women. Furthermore, we were not able to monitor
the dietary intake of our participants during the intervention, although participants were
instructed not to change their dietary habits and lifestyle signi�cantly. In addition, a longer
intervention period is required.

4. Conclusions

In this study, we investigated the nutritional pro�le, starch digestibility, and antioxi-
dant potential of whole grain cookies with fruit by-products and edible �lm enriched with
grape seed extract as well as the concentration of oxidized LDL receptors after their con-
sumption by women. We found that the partial replacement of cocoa powder with grape
and aronia pomace and the use of an edible �lm did not negatively affect the nutritional
pro�le or starch digestibility of the cookies but contributed to their �avonoid content and
antioxidant potential. Our results showed that moderate cookie consumption does not
increase the concentrations of oxidized LDL receptors in healthy women. Nevertheless, our
study provides information about a possible relationship between oxidized LDL receptor
concentration and waist circumference. In addition, our results provide evidence for the
potential preventive effect of whole grain cookies on cardiovascular disease prevention.
Further studies with more participants and a longer intervention period need to be con-
ducted to con�rm the ef�cacy of this potential prevention. The improved antioxidant
properties of the cookies suggest that fruit by-products and edible �lms should be further
investigated for potential applications in the development of functional foods.
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Abstract: The increasing demand for greater utilization of byproducts in the food industry has been

driven by growing interest in environmental sustainability. This paper examines the market potential

and consumer attitudes toward whole-grain and sustainable cookies made with food byproducts

and edible �lms. Additionally, particular attention was given to evaluating levels of sustainability

knowledge and nutritional awareness, willingness to purchase environmentally friendly cookies

with food byproducts, and to appraise differences in answers between countries and generations. An

online questionnaire was used to collect data from Croatian ( n = 472), French (n = 166), and North

Macedonian consumers (n = 119) aged between 18 and 62, predominantly women (82%) with higher

education degrees. Results showed that even if chocolate-coated cookies remain very popular, North

Macedonians prefer whole-grain and plain cookies, while the French prefer chocolate-coated cookies

and Croats prefer both types of cookie. The majority of consumers (96%) were interested in purchasing

environmentally friendly cookies. However, consumers' interest in purchasing cookies with food

byproducts was generally low, which may be related to their limited knowledge of byproducts. In

conclusion, there is market potential for whole-grain cookies with food byproducts, but brand, price,

and consumer education may be critical to their success.

Keywords: food byproducts; generational differences; nutritional awareness; sustainability knowledge

1. Introduction

Consumers are showing an increasing inclination toward food that offer health ben-
e�ts and are increasingly interested in the health bene�ts of food rich in nutrients and
bioactive compounds such as antioxidants, polyphenols, �ber, minerals, and vitamins [ 1,2].
As a result, efforts have been made to develop food that can maintain and improve people's
health [3,4]. Food based on whole grains, which are rich in nutrients, �bers, and phyto-
chemicals, with proven health bene�ts, play signi�cant role in maintaining human health
and wellbeing [ 5]. Although the amount of whole-grain food on the market is constantly
increasing [6], its consumption remains low.

Cookies are a very popular cereal-based food consumed by both children and adults
worldwide [ 7], so they could be used as a suitable vehicle for nutrient incorporation [ 8]. The
highest number of newly developed products can be found in the sweet cookie category,
where claims such as high in/source of �ber and whole grain are among the top �ve used
claims [9]. Cookie consumption does not have to be contrary to the healthy indulgence
trend and can even be used as part of nutritional strategies to tackle several nutrient
de�ciencies as well as chronic and nutrition-related diseases [ 10,11], such as diabetes, celiac
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disease, obesity, and cardiovascular diseases [12–15]. On top of this, the sustainability in
the supply chain of cocoa as a popular ingredient in cookies has been challenged.

Consumer interest in the environmental sustainability of food production has also
increased in recent years [16]. One of the main problems facing the global food system is
food waste, as more than one-third of the food produced for human consumption is either
lost or wasted each year [17–20]. In this regard, byproducts from the fruit industry can be
an optimal source of bioactive compounds and can serve as value-adding ingredients for
cookies [21]. For instance, grape and aronia (chokeberry) pomace could serve as a partial
substitute for cocoa powder in cookies [ 22,23]. Nevertheless, the market for cookies with
byproducts as upcycling ingredients is still limited.

Packaging plays an important role in the marketing and shelf life of cookies. The
use of edible and biodegradable �lms could reduce the amount of disposable packaging
used and therefore reduce environmental pollution and CO 2 emissions. These materials
should be employed in multilayer packaging, improve organoleptic properties, supplement
nutritional value, serve as carriers for antioxidants and microbiological agents, and control
the transfer of moisture, gasses, and other compounds in the food system [24]. Edible
�lms based on chitosan and gum arabic enriched with grape seed extract can improve the
bioactive pro�le [ 12] and extend the shelf life of cookies [ 24] without affecting product
quality or consumer taste.

Based on the above, it could be suggested that the forti�cation of popular cookies with
fruit byproducts and edible �lms could result in a product that easily delivers important
nutrients such as antioxidants, minerals, and �ber to a wider population [ 12,24]. However,
understanding how and why consumers purchase functional or sustainable (upcycled)
foods is important for the sustainable development of this sector [ 20,25]. Previous studies
investigated and explained consumer behavior related to purchase intention, acceptance,
and consumption of cookies [ 19,26,27], which depends on the sensory profile of cookies and
consumer habits, demographic background, personal relevance of functional benefits [28,29],
marketing strategies, and on-pack labeling [ 30]. Various factors such as availability, quality,
brand, novelty, packaging, and pricing have been identi�ed to affect the behavior of cookies
consumers. [15,31]. However, only a limited number of studies have investigated the
market potential of functional and sustainable cookies.

The aim of this study was to investigate the market potential and consumers attitudes
towards whole-grain and sustainable cookies in three Mediterranean countries (Croatia,
France, and North Macedonia). Special attention was paid to differences between countries
and generations in the preference of cookie type, consumption motivation, nutritional
awareness, sustainability knowledge, and willingness to purchase cookies containing food
byproducts. Relations between participants responses and their country of residence
and generation group were evaluated through analysis of variance, principal component,
and cluster analysis. Further on, the importance of sociodemographic factors (education,
country of residence, generation, and gender) on willingness to purchase cookies, which
are bene�cial to health but also the environment or contain food byproducts, was assessed
using classi�cation and a regression tree. Our hypothesis was that a purchase intention is
positively in�uenced by consumer education degree and differs between generations and
countries.

2. Materials and Methods
2.1. Study Design and Study Population

This cross-sectional study was conducted using an anonymous online questionnaire
created on the Google Forms online survey platform. The questionnaire was created in
Croatian and then translated into French and Macedonian. Data collection was conducted
in two intervals from April 2022 to June 2023. The research team distributed invitations
to participate in this study to their professional networks and personal contacts via e-
mail and social networks (Facebook® and LinkedIn ®). To increase the number of study
participants, research team members asked potential participants to forward the invitations
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to their contacts. Eligible participants were adults above 18 years of age, residents of
Croatia, France, or North Macedonia with access to a computer, tablet, or phone with an
internet connection. A total of 797 participants (Croatia ( n = 500), France (n = 172), North
Macedonia (n = 125)) completed the online questionnaire. Participants who responded that
they never consume cereal-based foods (n = 40) were excluded from further analysis. Based
on the study by Šed½k et al. [32], participants were divided into four generations as follows:
Generation Z (born between 2004 and 1997), Generation Y (born between 1996 and 1981),
Generation X (born between 1980 and 1972), and Generation Silver (born between 1971 and
1952). Sociodemographic characteristics of participants who consumed cereals are shown
in Table 1. Generation Y was the most strongly represented. Most study participants were
female, employed and had a higher level of education (bachelor's or master's degree).

Table 1. Participants' characteristics for the total sample and according to gender (numbers of
participants with percentages in brackets).

Sociodemographic Characteristic

Overall
(n = 757)

Croatia
(n = 472)

France
(n = 166)

North
Macedonia
(n = 119)

Gender 1, n (%)

Female 621 (82) 389 (82) 133 (80) 99 (83)

Male 135 (18) 83 (18) 32 (19.3) 20 (17)

Age cohorts, n (%)

Generation Z 191 (25) 58 (12) 116 (70) 17 (14)

Generation Y 337 (45) 278 (59) 17 (10) 42 (35)

Generation X 153 (20) 88 (19) 20 (12) 45 (38)

Generation Silver 76 (10) 48 (10) 13 (8) 15 (13)

Highest education quali�cation, n (%)

Primary school 4 (0.5) 3 (0.6) 1 (0.6) /

Secondary school 87 (11.5) 74 (16) 6 (3.6) 7 (6)

Bachelor's or master's 497 (66) 276 (58.4) 109 (65.8) 112 (94)

PhD 169 (22) 119 (25) 50 (30) /

Employment status, n (%)

Employed, full- or
parttime

503 (66.4) 381 (81) 20 (12) 102 (86)

Student 154 (20.3) 30 (6.4) 114 (69) 10 (8)

Entrepreneur 30 (4) 30 (6.4) / /

Retired 10 (1.3) 5 (1.1) 1 (0.6) 2 (2)

Other 60 (8) 24 (5.1) 31 (18.4) 5 (4)
1 Participant (0.1%) did not want to report their gender.

All participants were voluntarily enrolled in the study and were assured of strict con�-
dentiality. In the participant information sheet at the beginning of the online questionnaire,
potential participants were provided with detailed information about the authors of the
study, af�liations, the main research �ndings, the indication that the results will be used
in a doctoral dissertation, and the estimated time required to complete the questionnaire
(10–12 min). All participants had the right to withdraw from the study at any time without
consequence. There were no adverse health effects that could be caused by participation in
the present study. Participants did not receive any �nancial or other compensation for their
participation in the study.
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All participants signed an informed consent form to participate in this study. This
study was conducted in accordance with the Declaration of Helsinki, and approved by
the Ethics Committee of the Food Technology and Biotechnology (University of Zagreb
Faculty, Croatia, 251-69-11-20-37; 14 December 2020),the Faculty Committee of the Faculty of
Technology and Metallurgy (Ss. Cyril and Methodius University in Skopje, Republic of North
Macedonia, 09-1273/1; 10 November 2020), and the ONIRIS institution (Oniris VetAgroBio—
Ecole V² t² rinaire, Agroalimentaire et de l'Alimentation Nantes Atlantiqu e—French Republic
Agricultural Ministry National HighSchool, France, 23-657; 12 February 2023).

The research data were collected using a structured online questionnaire adapted from
�Cukelj et al. (2016) [33], which consisted of a total of 43 multiple-choice questions divided
into several sections: sociodemographics (5 questions), cookie consumption (9 questions),
purchase intention (8 questions), brand (4 questions), nutrition and health (9 questions),
and sustainability (3 questions).

Sociodemographic information included questions regarding age, gender, education,
employment status, and country of residence. In the cereal product consumption section,
data regarding the type of products consumed, frequency of consumption, and consump-
tion habits were collected. The cookie consumption section included questions regarding
preferred product type, consumption habits (reasons and key drivers for consumption), as
well as the frequency of consumption. Data collected in the nutrition and health category
focused on reading nutrition labels, and intake of dietary �ber and bioactive compounds.
The section on sustainability focused on general knowledge and familiarity with sustain-
ability/edible �lms and fruit byproducts. Within the purchase intention section, the brand
preference for purchasing domestic or foreign producers, the willingness to pay a higher
price for modi�ed cookies or buy cookies of improved nutritional value/cookies with food
industry byproducts/cookies with positive environmental impact was investigated.

Consumption of cereal products and cookies, as well as food rich in �ber and biologi-
cally active compounds, was assessed using a 5-point Likert scale ranging from 1 (never) to
5 (always). Consumer purchase behavior and nutrition awareness were measured using
a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Finally,
participants were asked to indicate their willingness to purchase nutritionally enhanced
and sustainable products (cookies with byproducts of the food industry) on a 2-point scale
from 1 (no) to 2 (yes). Zero was included in these questions as a “do not know” or “would
not like to answer” option.

2.2. Nutritional Awareness Index and Sustainability Knowledge Score

The index of nutritional awareness (INA) indicates greater understanding or improved
application of recent and accepted nutritional principles [ 33]. It was formed from �ve
questions or statements with loadings of 0.6 or more, which explained 45% of the total
variance after factor analysis (Table 2). Questions (“How often do you consume food rich in
dietary �ber?”; “Do you introduce biologically active compounds into your body daily?”;
“Are you reading food labels (nutritional data and ingredient list)?”) and statements (“I
watch what I eat to maintain my health” and “I watch what I eat to maintain a good
appearance and prevent weight gain”) were answered on 5-point Likert scales (ranging
from “always” (5) to “never” (1) for questions or from “I completely agree” (5) to “I do not
agree at all” (1) for statements). After adding up the individual grades, a total sum was
divided with maximum possible score (25) and an INA between 0 and 1 was formed for
each participant. Such an approach has already been described in the literature for similar
purposes [33].

In similar manner, the sustainability knowledge score (SKS) was calculated from one
question on sustainable development and two statements on speci�c knowledge of fruit
byproducts and edible �lms, which accounted for 52% of the total variance after factor
analysis (Table 2). The question “Are you familiar with the term Sustainable Development?”
was answered with “yes” (score 2) or “no” (score 1) while statements regarding edible
�lms and fruit byproducts were answered using the 5-point Likert scales ranging from “I
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completely agree” (5) to “I do not agree at all” (1). After adding up the individual grades, a
total sum was divided with a maximum score (12) that could be achieved, forming an SKS
between 0 and 1 for each participant.

Table 2. Contribution of questions to the index of nutrition awareness and sustainability knowl-
edge score.

Index of Nutrition Awareness Component

Do you introduce biologically active compounds into your
body daily?

0.608

How often do you consume food rich in dietary �ber? 0.713
To what extent do you agree with the following statement: “I
watch what I eat to maintain my health”?

0.765

How much do you agree with the following statement: “I
watch what I eat to maintain a good appearance and prevent
weight gain”?

0.644

Are you reading food labels; particularly nutritional values
and ingredient list on food products?

0.615

Explanation of variance 45%
Eigenvalue 2.257
Sustainability knowledge score
Are you familiar with the term Sustainable Development? 0.533
How much do you agree with the following statement:
“Edible �lms are active packaging systems that extend
product shelf life, improve product quality, and contribute to
the nutritional quality of the �nal product”?

� 0.798

To what extent do you agree with the following statement:
“Grape and/or aronia pomace is a byproduct of the food
industry rich in dietary �ber and polyphenols”?

� 0.806

Explanation of variance 52%
Eigenvalue 1.57

2.3. Data Analysis

All qualitative data were coded and evaluated using descriptive statistics with Stata
and Microsoft Excel and analyzed.

Descriptive statistic, frequency distribution, and correlation analyses were performed
to assess consumer behavior and attitude. Statistical differences between countries and
generations were assessed using Kruskal–Wallis analysis of variance (ANOVA) with multi-
ple comparison (two-tailed). Only variables that differed signi�cantly between generations
or countries were included in the principal component analysis (PCA). Data mining in-
cluded classi�cation and regression tree (C&RT), and an importance plot was generated
using standard classi�cation and regression tree after pruning on variance. Boxplots show
median with 25 and 75 percentile and nonoutlier range. The answers obtained from all
participants were also analyzed by means of multivariate analysis employing hierarchical
cluster analysis using Ward's method. The distance between samples was calculated using
the square of the Euclidean distance with Minitab 17 statistical software. Statistica 14 (Tibco
Software, Palo Alto, USA) was used for other data analysis, and a con�dence level of
p < 0.05 was considered signi�cant.

3. Results and Discussion
3.1. Cookie Consumption and Preference Choice

It is a well-known fact that cookies are, in general, a good source of energy, which
39% of the participants agreed with. In France and Croatia, cookies were consumed more
frequently (one to �ve times per week) than in North Macedonia (one to two times per
month) ( p < 0.001). In addition, North Macedonians prefer whole-grain and plain cookies,
while the French prefer chocolate-coated cookies and the Croats prefer both whole-grain
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and chocolate-coated cookies (Figure 1a). In agreement, �Cukelj et al. [33] found that
chocolate and whole-grain cookies were the most popular cookies among Croats.

Figure 1. Preference (in percentage) of cookies type by (a) country of residence (FR = France;
HR = Croatia; NM = North Macedonia) and ( b) generation.

Regarding the type of cookie, Generation Silver prefers whole-grain cookies, while the
younger generations, especially Generation Z, prefer chocolate-coated cookies (Figure 1b).
The assumption is that the younger generations value taste over nutritional value and
healthy eating. This was also con�rmed by responses to the question of whether they
consider food to be one of the greatest pleasures, which Generation Z strongly agreed
with, compared to the other generations, who partially agreed (median). Consistent with a
previous study [ 34], it was found that Generation Z does care less about healthy eating and
that they place less value on health advice. Overall, chocolate-coated cookies remain the
most popular option, but Generations X and Silver tend to prefer whole-grain products
due to their more health-conscious lifestyles.

Further �ndings highlight Generation Z as unique consumers compared to other gen-
erations. Generation Z answered in the af�rmative more often ( p = 0.021) than Generation
Silver when asked if they preferred cookies to other sweets. Consumption of cookies as
a morning or afternoon snack was reported more frequently by Generation Z (daily or
three to �ve times per week) than by other generations ( p < 0.001). While this re�ects the
nonideal diet of today's generation, which is heavily in�uenced by the media, it is also
possible that this generation lacks the cooking skills to prepare balanced meals or snacks
themselves and relies on ready meals and available snacks from the store.
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3.2. Nutritional Awareness and Interest in Health and Nutritional Value of Cookies

Compared to the other two nationalities, French participants reported eating cookies
more often out of habit, boredom, or stress ( p < 0.001) (Figure 2a). This may suggest that
the French may be emotional consumers. Such �ndings are supported by the results of
several studies; one of them examined the eating habits of elderly French people based on
emotions and found that positive emotions were associated with higher food intake and
vice versa [35]. Another reason could be that most of the French participants were students,
for whom studies suggest that stress can play such a great role in their eating behavior
that it can lead to eating disorders. [ 36]. When comparing generations, our result showed
that Generation Z was more likely to consume cookies out of habit, boredom, or stress
(p = 0.039) than the others (Figure 2b). Similar results were reported by �Cukelj et al. [33],
who showed a clear relation between habits and emotions. While it is not compelling
that younger generations are more emotionally mature and resilient, our �ndings are in
accordance with a study [ 37] that looked at stressful eating habits of Generation Z. Another
study [ 38], which focused exclusively on the female Generation Z population, found mixed
attitudes toward eating habits, with some females having eating disorders. Durukan and
Gul [ 39] found that Generation Z's eating habit discipline was signi�cantly lower than that
of previous generations, which is consistent with our data. Again, it is important to keep
in mind that Generation Z was born in a time characterized by a variety of global issues.
More recently, the COVID-19 pandemic also had profound effects on each generation, but
Generation Z experienced more stress-related changes [40]. It should be noted that more
detailed studies are needed to accurately determine the reason chosen by participants (habit
vs. boredom vs. stress).

Figure 2. The agreement degree of consumers on the question whether they eat cookies out of habit,
boredom, stress and/or other emotions depending on their ( a) country of residence (FR = France;
HR= Croatia; NM = North Macedonia) and ( b) generation (1 = “I do not agree at all”; 5 = “I completely
agree”). Boxplots with different letters represent statistical difference ( p < 0.05) between countries or
generations.

The majority of participants (86%) agreed that regular consumption of whole-grain
products has a positive effect on their health. When asked if cookies are a good source
of energy, opinions were divided. While some participants partially agreed (31%), others
(32%) were undecided or disagreed (25%). Similarly, when asked if cookies are a good
source of �ber, 28% of participants agreed, 30% could not decide, and 32.5% disagreed. In
contrast to the Croats, the French did not rate the �ber content of cookies as very important
(p < 0.001). This is in line with Lairon et al. [ 41], who reported that the overall intake of
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dietary �ber in the French population is insuf�cient. The reason could be that the French
pay more attention to other aspects of cookies, such as sensory and hedonistic dimensions,
or that they expect low sugar and calorie content.

Unlike Generation Z, the participants of Generation Y agreed more ( p = 0.0234) on the
question “How important is it that cookies have less sugar and/or calories?” (Figure 3).
This is supported by data showing that the majority of Generation Y responded positively
when asked if they were aware of weight gain and therefore health. Similarly, Generation
Z ranked the importance of cookies with higher �ber content lower than other generations
(Figure 3). In terms of �ber consumption, we found a signi�cant difference ( p = 0.0002)
between Generation Z, who reported consuming �ber most frequently (43%), three to �ve
times per week, and Generation Y, who reported consuming �ber more frequently (38.5%
of participants reported consuming daily and 42% of participants reported consuming it
three to �ve times per week). An even larger difference ( p < 0.001) was found between
Generation Z (median = seldom) and the other generations (median = often) in terms of
regular consumption of biologically active substances. It could be that Generation Z does
not know exactly what biologically active substances or the related health bene�ts are. This
could indicate that Generation Z generally lacks health education and health awareness.
In contrast, a previous report [ 42] has shown that Generation Z is more health conscious
than Generation Y. In another study, the health state of Generation Z was related to the
successful health education that is received at a younger age [43].

Figure 3. The importance that cookies have a reduced amount of sugar and/or calories or increased
amount of dietary �ber to consumers of different generations (1 = “I do not agree at all”; 5 = “I
completely agree”). Boxplots with different letters represent statistical difference ( p < 0.05) within the
same question between generations.

Results indicate that Croatian and French consumers generally pay more attention to
the ingredient list and labeling of cookies than North Macedonian consumers
(p = 0.0007). The reason for this could be that nutrition labeling was only recently in-
troduced in Northern Macedonia and people still need to learn how to read the labels. In
addition, Generation Y reported reading food labels more often (always 34% and often
40%) than Generation Z (always 20% and often 34%). This suggests that there might be a
lack of awareness due to inef�cient health education for this generation. The lack of interest
in health and misconceptions about appropriate nutrition might be caused by the in�uence
of social media and advertisements.

Overall, the index of dietary awareness was signi�cantly lower in French participants
(0.67) compared to Croats (0.80) and Northern Macedonians (0.79) (Figure 4a). As expected,
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Generation Z has the lowest nutritional awareness compared to others, making them the
main target group for health education (Figure 4b). Therefore, additional education is
needed in the different population groups to improve nutrition knowledge and awareness.

Figure 4. Nutritional awareness index (INA) and sustainability knowledge score (SKS) by ( a) country
of residence (FR = France; HR = Croatia; NM = North Macedonia) and ( b) generation. Boxplots with
different letters represent statistical difference ( p < 0.05) within the INA or SKS between countries or
generations.

3.3. Sustainability Knowledge Score (SKS)

Regardless of country or generation, the majority of participants (84%) were familiar
with the importance of sustainable product development. In addition, some participants
fully agreed (38%) or partially agreed (32%) that grape and aronia pomace are byproducts
of the food industry rich in �ber and polyphenols, while some (26%) could not decide
or disagreed (4%). Similarly, about half of the respondents agreed that edible �lms can
extend shelf life (18% fully agreed, 32.5% partially agreed, while 41% neither agreed nor
disagreed). This shows that knowledge about fruit byproducts and edible �lms is still
insuf�cient. Differently from our study, Alonso and O'Neill [ 44] found that mature US
consumers are more related to grape byproducts than the younger consumers group.

Our SKS depended signi�cantly ( p < 0.001) on the countries, with a median of 0.45
in France and 0.46 in Croatia, signi�cantly different from 0.42 in Northern Macedonia
(Figure 4a). Nevertheless, the consumer education level was the most important predictor
of SKS. Based on the C&RT analysis, compared to the level of education, whose importance
was 1, importance of the country of residence was 0.51, generation 0.38, and gender 0.27.
Participants with a doctorate or master's degree had a signi�cantly ( p < 0.001) higher
SKS score (median 0.48) than participants with a bachelor's degree, secondary or primary
education (median 0.38). The lack of knowledge and understanding about food byproducts
leads to a negative attitude towards their use [ 45]. Murillo et al. [ 46] showed that knowledge
and previous consumption have a positive in�uence on the willingness to try food that
contain seafood byproducts, whereas consumers' concern about sensory quality, safety,
and nutrition are main reasons for their avoidance. Sustainability knowledge could bene�t
consumers' health and the economy of the food industry. Therefore, further education
is needed on the potential use of fruit byproducts and edible �lms in the production of
sustainable food.

3.4. Purchase Intention

Regardless of country of origin or generation, some participants (29%) showed interest
in immediately purchasing new, attractive cookies from the market, but most were not
interested. The majority of participants (79%) con�rmed their interest in purchasing cookies
with improved nutritional value that would positively impact their health, and most (67%)
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would be eager to pay a higher price for such cookies. In addition, about half of the
participants report that they prefer whole-grain cookies (1) because they are good for their
health (36% fully agreed and 15% partially agreed) and (2) because they provide a longer
feeling of satiety (33% fully agreed and 12% partially agreed). The intention to purchase
whole-grain cookies because they are good for health and because consuming cookies
provides a longer feeling of fullness were intercorrelated (r = 0.76), and both intentions
were also correlated with attitudes that it is important for cookies to have reduced sugar
and/or calorie content (r = 0.61; 0.52), increased �ber content (r = 0.63; 0.62), and detailed
information about cookies composition and nutritional value (r = 0.54; 0.53). Similarly,
�Cukelj et al. [33] found that participants with higher nutrition awareness were more likely
to purchase the functional cookies. These �ndings suggest that further public education
and promotion of the bene�ts of whole-grain products with a focus on food-based targets
and messaging may be important to increase the consumption of whole grain cookies and
thus the intake of dietary �ber [47].

France differed signi�cantly from the other countries on several questions. When
asked if participants would purchase foreign brands, the French were least likely to do
so (Figure 5). Furthermore, compared to the other two countries ( p = 0.0013), the French
do not care about the manufacturer or brand as long as it is a product from France. This
suggests that the French consider their own brands or the brand they usually consume or
already know to be of higher quality and would prefer to purchase them. According to a
survey by Statista (2021), French consumers expect brands to focus more on products made
in France and French manufacturers [48].

Figure 5. The in�uence of price and manufacturer on purchase intention by country of origin; FR
= France, HR = Croatia, NM = North Macedonia (1 = never/I do not agree at all; 5 = always/I
completely agree). Boxplots with different letters represent statistical difference ( p < 0.05) within the
same question between countries or generations.

In addition to brand choice, the price was also an important factor between countries
(p < 0.001). In particular, the French agreed that an acceptable price was the most important
factor (Figure 5). The results suggest that the most French population tends to be frugal
when purchasing cookies. This makes sense given the turbulent changes that the French and
global economies have undergone in recent years [49]. Recession, budget cuts, in�ation, and
stagnation in productivity all contribute to the struggling economy [ 50], leading consumers
to purchase more affordable alternatives. However, compared to Croatia and Macedonia,
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France has a lower in�ation rate and higher GDP, which indicate there might be other
factors in�uencing this preference for more affordable cookies [51].

When looking at purchase intention by generation, Generation Y was more selective
in choosing cookie brands and may have preferred imported cookies. Compared to the
other generations, Generation Z seems to be more open-minded (p = 0.0199) when it comes
to trying new types of cookies (Table S1 and Figure S1), but for them, a higher price
was identi�ed as a barrier to purchasing cookies. The fact that whole-grain cookies are
good for health was not the key purchasing driver for Generation Z (Table S1), unlike
the others (p < 0.001). This could be because Generation Z grew up in times of economic
stress (i.e., high in�ation) and is more concerned with pricing. The other generations are
�nancially considerate, but not as much as Generation Z. This is also con�rmed by evidence
of greater frugality among the youngest generation [ 52]. A previous study of consumers in
Kelantan [53] identi�ed the key factors driving Generation Z to purchase snacks: packaging,
price, available health information, availability, and taste.

French and Croatian people were most likely to purchase cookies that had a posi-
tive environmental impact in addition to health bene�ts (median test: chi-square = 7.291,
p = 0.026) (Table S2, Figure S1). Similarly, according to a study by Coderoni et al. [54], most
participants prefer purchasing food enriched with byproducts that have lower environmen-
tal impact and promote health. Yet, the in�uence of the participants' education level was a
more important predictor of purchasing environmentally friendly cookies than the country
of residence (Figure 6a).

Figure 6. The importance plot of education level, country of residence, generation, and gender on
consumer interest in purchasing cookies that (a) have a positive impact not only on human health
but also on the environment and ( b) contain byproducts of the food industry.

Most participants were not enthusiastic about the idea of purchasing cookies contain-
ing food byproducts (Tables S1 and S2). This could be due to their lack of knowledge,
shown by the SKS, and not knowing the health bene�ts of byproducts. Country of resi-
dence and education level were identi�ed as the most important factors in�uencing the
willingness to purchase cookies with food byproducts (Figures 6b and S2). Among the three
countries, French participants were the most interested in purchasing cookies with byprod-
ucts, while North Macedonians were the least interested (median test: chi-square = 74.208,
p < 0.001). According to Yilmaz and Kahveci [ 20], generation, gender and commitment to
recycling at home in�uences the willingness to purchase upcycled food. Consumers are
more interested in purchasing products containing byproducts if they can expect a higher
quality and better taste and if they believe that these products can contribute to solving the
food waste problem [ 20]. Indeed, French consumers are more and more sensitive and have
information about zero food waste and upcycling trends [ 55,56]. In contrast to our results,
Grasso and Asioli [ 19] reported that although most British consumers had never heard of
upcycled ingredients, they would be willing to purchase food products containing them.
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Our results suggest that investments should be made to increase knowledge about the
bene�ts that food byproducts can provide, such as upcycled ingredients for environmental
protection. In particular, Mediterranean countries with large production of grapes and
other berries could bene�t from using their byproducts.

3.5. Principal Components and Clusters

Principal component loadings (PCA) and score plots for questions with signi�cant
differences by country and generation are shown in Figure 7. PCA of the presented data by
country extracted two components with eigenvalues of 8.82 and 3.18 that explained the
complete variance. In terms of countries, North Macedonian consumers were more asso-
ciated with the nutritional aspects of cookie consumption, whereas French and Croatian
participants were more characterized by their consumption and purchase patterns. The
greatest difference was found between French and North Macedonian participants, speci�-
cally in the type of cookies preferred, reasons for consumption, preference for purchasing
cookies from domestic or foreign producers, interest in and willingness to purchase cookies
with byproducts and/or nutritionally improved cookies (Figure 7a). While the French con-
sume cookies more frequently, often out of boredom or stress, North Macedonians prefer
chocolate-coated cookies and consume them less frequently, as discussed in Section 3.1.
In addition, the French prefer domestic producers and are most interested in purchasing
cookies with byproducts that have a positive impact on the environment and people's
health, while Macedonians are more open to foreign producers, as described in Section 3.4.

Figure 7. Principal component loadings and score plots of most signi�cant questions by ( a) country
and (b) generation (Z, X, Y, and Silver). Legend: nutrition-related questions are circled with green dots
(11—cookies are a good source of energy; 12—cookies can be a good source of dietary �ber; 13—eating
cookies because they have fewer calories than some other sweets; 21—importance of reduced amount
of sugar and/or calories when purchasing cookies; 22—importance of an increased amount of dietary
�ber; 32—frequency of consumption of biologically active compounds; 33—frequency of consumption
of dietary �ber; 36—eating to maintain my health; 37—reading nutritional values and ingredient list
on food products; 38—index of nutrition awareness), consumption- and purchase-related questions
are circled with pink dots (4—frequency of eating cereal-based products; 5—consumption of whole-
grain products has a positive effect on health; 6—frequency of eating cookies; 9—eating cookies as a
morning and/or afternoon snack; 10—eating cookies with coffee/tea; 14—eating cookies out of habit,
boredom, stress, and/or other emotions; 15—favorite type of cookies; 16—purchasing cookies from a
domestic producer; 17—purchasing cookies from a foreign producer; 18—manufacturer is not the key
driver when purchasing cookies 20—importance of price when choosing cookies; 23—purchasing
whole-grain cookies because they are good for health; 25—importance of having detailed nutritional
information for cookies; 31—interest in purchasing cookies that have a positive effect not only on
human health but also on the environment; 34—willingness to purchase cookies with byproducts
from food industry; 35—eating is one of the greatest pleasures).
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PCA of the presented data between generations (Figure 7b) explained that the �rst two
components accounted for 95.27% of the total variance, with eigenvalues of 14.74 and 3.36,
respectively. Whereas Generation Z was associated with the consumption and purchase
habits, more mature generations were more concerned with the nutritional aspects. The
largest difference found between generations Y and Z can be attributed to the type of
cookies consumed (with coffee/tea or as an afternoon snack), the reasons for consumption,
the consumption of bioactive compounds and dietary �ber, and reading labels.

Cluster analysis was also performed to determine the similarity between countries and
generations (Figure 8). The data can be divided into two main groups consisting of three
clusters: blue, red, and green. The �rst group, as well as the blue cluster, represents France
and proves that most of the participants belong to Generation Z. This group differs from
the second group, consisting of the red and green cluster representing Croatia and North
Macedonia. The differences between France and North Macedonia were already noted
in the PCA. It was also shown that the participants in France tend to be emotional eaters,
while Croats and North Macedonians tend to have similar eating habits and cookie prefer-
ences, thus belonging to the same group. This is not surprising, since most of the French
participants were part of the student population, unlike participants from the other two
countries. Moreover, Croatia and Northern Macedonia are geographically closer (Balkan
Peninsula) and were part of the same country in the past (former Yugoslavia). On the other
hand, the participants from North Macedonia provided contrary answers to some of the
questions, which is why they form a separate group. As for the second group, the number
of participants was more evenly distributed among generations, especially in Northern
Macedonia, while the Croatian population was slightly dominated by Generation Y.

Figure 8. Cluster diagram of the answers (observations) of all participants depending on the country
of origin (FR = Franc; HR = Croatia; NM = North Macedonia) and generation (GEN). Different colors
are needed as they indicate different clusters in cluster analysis.
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3.6. Limitations of Study

The main limitation of this study is that most of the study participants were female,
which signi�cantly affects its representativeness. On the other hand, women are respon-
sible for purchasing in most households. Another limitation is the uneven number of
participating populations from France, Northern Macedonia, and Croatia as well as the
small number of participants and uneven distribution between generations. Nevertheless,
our results could serve as a guide for the development of new products and marketing
strategies for healthier and more sustainable cookies.

4. Conclusions

This study investigated the market potential and consumer attitudes towards whole-
grain cookies with food byproducts and edible �lms in Croatian, French, and Northern
Macedonian populations. Our study con�rms that cookies are a popular food that many
consumers eat regularly. Whole-grain cookies are among the most preferred types of cook-
ies, which re�ects consumer nutritional awareness. Consumer attitudes and consumption
habits vary by country and generation, with Generation Z differing from other generations.
The majority of consumers are familiar with sustainability and interested in purchasing
cookies that are bene�cial to the environment and their health. However, their knowledge
of fruit byproducts or edible �lms and their willingness to purchase cookies with food
byproducts is limited. Additional educational programs are needed for all generations
to raise awareness of the opportunities that upcycled byproducts or edible �lms offer for
environmental protection but also human health. Hence, the �ndings of this study could
be used to develop a marketing and education strategies for communicating the bene�ts of
using upcycled ingredients in producing food of enhanced nutrition value. Such strategies
could result in consumers' better acceptability of food with upcycled ingredients and thus
a rise in circular economy. In particular, Mediterranean countries with big production of
grapes and related byproducts could bene�t from such strategies. Future studies should
explore the relevance of various educational programs to upcycling food byproducts.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/foods12213932/s1. Table S1: Purchase intention of whole-grain,
nutritionally improved and sustainable cookies by generations (number with percentage in brackets).
Table S2: Purchase intention of whole-grain, nutritionally improved, and sustainable cookies by
country (number with percentage in brackets); Figure S1: Classi�cation and regression tree of
willingness to buy environmentally friendly cookies; Figure S2: Classi�cation and regression tree of
willingness to buy cookies with food byproducts.
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edible �lm to cookies: Antioxidant activity and concentration of oxidized LDL receptor in women—A �rst approach. Appl. Sci.
2023, 13, 5513. [CrossRef]

13. Kekalih, A.; Sagung, I.O.A.A.; Fahmida, U.; Ermayani, E.; Mansyur, M. A multicentre randomized controlled trial of food
supplement intervention for wasting children in Indonesia-study protocol. BMC Public Health2019, 19, 305. [CrossRef]

14. Buf� ±re, C.; Hiolle, M.; Peyron, M.A.; Richard, R.; Meunier, N.; Batisse, C.; R² mond, D.; Dupont, D.; Nau, F.; Pereira, B.; et al.
Food matrix structure (from biscuit to custard) has an impact on folate bioavailability in healthy volunteers. Eur. J. Nutr. 2020, 60,
411–423. [CrossRef] [PubMed]

15. Puerta, P.; Laguna, L.; T¡ rrega, A.; Carrillo, E. Relevant elements on biscuits purchasing decision for coeliac children and their
parents in a supermarket context. Food Qual. Prefer.2022, 98, 104496. [CrossRef]

16. Sörqvist, P.; Haga, A.; Holmgren, M.; Hansla, A. An eco-label effect in the built environment: Performance And comfort effects of
labeling a light source environmentally friendly. J. Environ. Psychol.2015, 42, 123–127. [CrossRef]

17. Abbasi, R.; Martinez, P.; Ahmad, R. An ontology model to represent aquaponics 4, 0 system's knowledge. Inf. Process. Agric.2021,
9, 514–532. [CrossRef]

18. Hemathilake, D.M.K.S.; Gunathilake, D.M.C.C. High-productive agricultural technologies to ful�ll future food demands:
Hydroponics, aquaponics, and precision/smart agriculture. In Future Foods: Global Trends, Opportunities, and Sustainability
Challenges; Bhat, R., Ed.; Academic Press: London, UK, 2022; pp. 555–567. [CrossRef]

19. Grasso, S.; Asioli, D. Consumer preferences for upcycled ingredients: A case study with biscuits. Food Qual. Prefer.2020, 84,
103951. [CrossRef]

20. Yilmaz, E.; Kahveci, D. Consumers' purchase intention for upcycled foods: Insights from Turkey. Future Foods2022, 6, 100172.
[CrossRef]

21. Oliveira, T.C.G.; Caleja, C.; Oliveira, M.B.P.P.; Pereira, E.; Barros, L. Reuse of fruits and vegetables biowaste for sustainable
development of natural ingredients. Food Biosci.2023, 53, 102711. [CrossRef]

22. Molnar, D.; Novotni, D.; Krisch, J.; Bosiljkov, T.; Š�cetar, M. The optimisation of cookie formulation with grape and aronia pomace
powders as cocoa substitutes.Croat. J. Food Technol. Biotechnol. Nutr.2020, 15, 38–44. [CrossRef]
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27. Sielicka-Râ�zyńska, M.; Jerzyk, E.; GluzaInt, N. Consumer perception of packaging: An eye-tracking study of gluten-free cookies.
J. Consum. Stud.2021, 45, 14–27. [CrossRef]

28. Dean, M.; Shepherd, R.; Arvola, A.; Vassallo, M.; Winkelmann, M.; Claupein, E.; Lähteenmäki, L.; Raats, M.M.; Saba, A. Consumer
perceptions of healthy cereal products and production methods. J. Cereal Sci.2007, 46, 188–196. [CrossRef]

29. Kraus, A. Development of functional food with the participation of the consumer. Motivators for consumption of functional
products. Int. J. Consum. Stud.2015, 39, 2–11. [CrossRef]

30. Miklavec, K.; Pravst, I.; Grunert, K.G.; Klopcic, M.; Pohar, J. The in�uence of health claims and nutritional composition on
consumers' yoghurt preferences. Food Qual. Prefer.2015, 43, 26–33. [CrossRef]

31. Puerta, P.; Carrillo, E.; Badia-Olmos, C.; Laguna, L.; Rosell, C.M.; T¡ rrega, A. Coeliac consumers' expectations and eye �xations
on commercial gluten-free bread packages. LWT-Food Sci. Technol.2022, 163, 113622. [CrossRef]

32. Šed½k, P.; Hudecov¡ , M.; Predanâcyov¡ , K. Exploring consumers' preferences and attitudes to honey: Generation approach in
Slovakia. Foods.2023, 12, 1941. [CrossRef]

33. �Cukelj, N.; Putnik, P.; Novotni, D.; Ajredini, S.; Vou�cko, B.; Ćurić, D. Market potential of lignans and omega-3 functional cookies.
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�R�F�F�X�U�U�H�G�� �Z�K�H�Q�� �D�U�R�Q�L�D�� �G�R�P�L�Q�D�W�H�G�� �W�K�H�� �P�L�[�W�X�U�H�����6�X�S�S�O�H�P�H�Q�W�D�U�\���±���)�L�J�X�U�H�� ���E�������7�K�L�V�� �V�X�J�J�H�V�W�V�� �W�K�H��

�S�R�W�H�Q�W�L�D�O���R�I�� �F�R�P�E�L�Q�L�Q�J�� �I�U�X�L�W�� �S�R�P�D�F�H�V���F�R�Q�W�D�L�Q�L�Q�J���Y�D�U�\�L�Q�J���O�H�Y�H�O�V�� �R�I�� �D�Q�W�K�R�F�\�D�Q�L�Q�� �W�R���D�F�K�L�H�Y�H���W�K�H��

�G�H�V�L�U�D�E�O�H���F�R�O�R�U���V�L�P�L�O�D�U���W�R���W�K�H���F�R�Q�W�U�R�O���F�R�R�N�L�H�����������������F�R�F�R�D���� 

�,�Q�� �W�K�L�V�� �V�W�X�G�\���� �Z�H�� �P�D�L�Q�W�D�L�Q�H�G�� �X�Q�L�I�R�U�P�� �Z�D�W�H�U�� �D�G�G�L�W�L�R�Q�� �D�F�U�R�V�V�� �D�O�O�� �I�R�U�P�X�O�D�W�L�R�Q�V���� �D�Q�G�� �W�K�H��

�L�Q�F�O�X�V�L�R�Q�� �R�I���Z�K�R�O�H�� �J�U�D�L�Q���I�O�R�X�U�� �D�Q�G�� �R�D�W�� �I�O�D�N�H�V�� �D�O�U�H�D�G�\�� �F�R�Q�W�U�L�E�X�W�H�G�� �W�R�� �D�� �K�L�J�K�� �I�L�E�H�U�� �F�R�Q�W�H�Q�W����

�)�X�U�W�K�H�U�P�R�U�H�����W�K�H���L�Q�F�R�U�S�R�U�D�W�L�R�Q���R�I���S�R�Z�G�H�U�H�G���S�R�P�D�F�H�V���P�L�J�K�W���K�D�Y�H���D�O�W�H�U�H�G���W�K�H���F�R�P�S�R�V�L�W�L�R�Q���R�I���I�L�E�H�U�V����

�S�R�W�H�Q�W�L�D�O�O�\���I�D�Y�R�U�L�Q�J���P�R�U�H���V�R�O�X�E�O�H���I�R�U�P�V�����d�Z�����F�R�R�N�L�H�V���K�D�U�G�Q�H�V�V�����W�R�X�J�K�Q�H�V�V�����D�Q�G���I�O�H�[�L�E�L�O�L�W�\���U�H�P�D�L�Q�H�G��

�X�Q�D�I�I�H�F�W�H�G���E�\���W�K�H���P�L�[�W�X�U�H���F�R�P�S�R�V�L�W�L�R�Q�����S�!���������������6�X�S�S�O�H�P�H�Q�W�D�U�\�������7�D�E�O�H�����������,�Q���F�R�Q�W�U�D�V�W�����.�X�F�K�W�R�Y�D��

�H�W���D�O�������������������R�E�V�H�U�Y�H�G���D���V�L�J�Q�L�I�L�F�D�Q�W���L�Q�F�U�H�D�V�H���L�Q���K�D�U�G�Q�H�V�V���Z�L�W�K�������������J�U�D�S�H���V�H�H�G���S�R�Z�G�H�U�����S�R�V�V�L�E�O�\��

�G�X�H���W�R���O�R�Z�H�U���D���J�O�X�W�H�Q���F�R�Q�W�H�Q�W�����.�D�U�Q�R�S�S���H�W���D�O�������������������D�Q�G���I�L�E�H�U���F�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H���D�G�G�H�G���S�R�P�D�F�H�V��

���â�D�U�L�ü���H�W���D�O�������������������� 
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�7�K�H�� �D�G�G�L�W�L�R�Q�� �R�I�� �J�U�D�S�H�����D�Q�G�� �D�U�R�Q�L�D�� �S�R�P�D�F�H�� �S�R�Z�G�H�U�V���V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�P�S�D�F�W�H�G�� �W�K�H�� �I�O�D�Y�R�U����

�W�H�[�W�X�U�H���D�Q�G���R�Y�H�U�D�O�O���D�F�F�H�S�W�D�E�L�O�L�W�\���R�I���W�K�H���F�R�R�N�L�H�V�����S�����������������6�X�S�S�O�H�P�H�Q�W�D�U�\���±���7�D�E�O�H�V�������D�Q�G�����������7�H�[�W�X�U�H��

�O�L�N�L�Q�J�� �Z�D�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�Q�I�O�X�H�Q�F�H�G�� ���S�������������� �E�\�� �W�K�H�� �L�Q�W�H�U�D�F�W�L�R�Q�� �R�I�� �D�O�O�� �P�L�[�W�X�U�H�� �F�R�P�S�R�Q�H�Q�W�V����

�6�X�E�V�W�L�W�X�W�L�Q�J�� �F�R�F�R�D�� �Z�L�W�K�� �E�R�W�K�� �J�U�D�S�H�����D�Q�G�� �D�U�R�Q�L�D���S�R�P�D�F�H���� �L�Q�� �V�P�D�O�O�� �T�X�D�Q�W�L�W�L�H�V���R�I���X�S�� �W�R�� ������ ������

�S�R�V�L�W�L�Y�H�O�\���L�Q�I�O�X�H�Q�F�H�G���W�K�H���W�H�[�W�X�U�H���S�U�H�I�H�U�H�Q�F�H�����7�K�H���D�G�G�L�W�L�R�Q���R�I���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H���S�R�Z�G�H�U�V��

�H�Q�K�D�Q�F�H�G���W�K�H���F�R�R�N�L�H�V���I�O�D�Y�R�U���� �Z�L�W�K�� �F�R�F�R�D�� �S�R�Z�G�H�U���H�[�H�U�W�L�Q�J�� �W�K�H�� �V�W�U�R�Q�J�H�V�W�� �H�I�I�H�F�W�����6�X�S�S�O�H�P�H�Q�W�D�U�\������

�)�L�J�X�U�H�����F�������2�Y�H�U�D�O�O���D�F�F�H�S�W�D�E�L�O�L�W�\���Z�D�V���W�K�H���K�L�J�K�H�V�W���Z�K�H�Q���F�R�F�R�D���Z�D�V���G�R�P�L�Q�D�Q�W���D�Q�G���W�K�H���O�R�Z�H�V�W���Z�K�H�Q��

�D�U�R�Q�L�D���Z�D�V���G�R�P�L�Q�D�Q�W�����6�X�S�S�O�H�P�H�Q�W�D�U�\�������)�L�J�X�U�H�����G�������Z�K�L�O�H���Q�R���V�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���Z�H�U�H���I�R�X�Q�G���L�Q��

�R�G�R�U�� �D�Q�G�� �D�S�S�H�D�U�D�Q�F�H�� �E�H�W�Z�H�H�Q���W�K�H���F�R�R�N�L�H�V�� ���S�!���������������0�L�O�G�Q�H�U���6�]�N�X�G�O�D�U�]�� �������������� �R�E�V�H�U�Y�H�G��

�F�R�P�S�D�U�D�E�O�H���R�X�W�F�R�P�H�V���U�H�J�D�U�G�L�Q�J���W�K�H���L�Q�I�O�X�H�Q�F�H���R�I���J�U�D�S�H���S�U�H�S�D�U�D�W�L�R�Q�V���R�Q���W�K�H���R�G�R�U���D�Q�G���D�S�S�H�D�U�D�Q�F�H���R�I��

�F�R�R�N�L�H�V���� �&�R�Q�V�L�V�W�H�Q�W���Z�L�W�K�� �R�X�U���I�L�Q�G�L�Q�J�V���� �.�D�U�Q�R�S�S�� �H�W�� �D�O���� �������������� �V�K�R�Z�H�G�� �W�K�D�W�� �L�Q�F�U�H�D�V�H�G���D�P�R�X�Q�W�V���R�I��

�J�U�D�S�H���S�R�P�D�F�H���F�D�Q���V�L�J�Q�L�I�L�F�D�Q�W�O�\���D�I�I�H�F�W���W�K�H���R�Y�H�U�D�O�O���D�F�F�H�S�W�D�E�L�O�L�W�\���R�I���F�R�R�N�L�H�V�����H�P�S�K�D�V�L�]�L�Q�J���W�K�H���Q�H�H�G��

�W�R�� �L�P�S�U�R�Y�H�� �I�R�U�P�X�O�D�W�L�R�Q�V�� �W�R�� �L�Q�F�U�H�D�V�H�� �F�R�Q�V�X�P�S�W�L�R�Q�����7�K�H�� �R�S�W�L�P�L�]�H�G�� �P�L�[�W�X�U�H�� �Z�L�W�K�� �D�� �G�H�V�L�U�D�E�L�O�L�W�\�� �R�I��

�������������Z�D�V���F�R�P�S�R�V�H�G���R�I�������������� ���F�R�F�R�D���S�R�Z�G�H�U�������������������J�U�D�S�H���S�R�P�D�F�H�����D�Q�G���������������D�U�R�Q�L�D���S�R�P�D�F�H����

�*�H�Q�H�U�D�O���R�S�L�Q�L�R�Q�V���R�Q���W�K�H���I�O�D�Y�R�U�����F�R�O�R�U�����W�H�[�W�X�U�H���D�Q�G���R�Y�H�U�D�O�O���D�F�F�H�S�W�D�E�L�O�L�W�\���R�I���R�S�W�L�P�L�]�H�G���F�R�R�N�L�H�V���Z�H�U�H��

�P�D�L�Q�O�\���S�R�V�L�W�L�Y�H���D�F�F�R�U�G�L�Q�J���W�R���V�H�Q�V�R�U�\���D�Q�D�O�\�V�L�V���U�H�V�X�O�W�V�����6�X�S�S�O�H�P�H�Q�W�D�U�\���±���7�D�E�O�H���������V�X�J�J�H�V�W�L�Q�J���W�K�D�W��

�Z�L�W�K���X�W�L�O�L�]�L�Q�J���S�R�Z�G�H�U�H�G���J�U�D�S�H�����D�Q�G���D�U�R�Q�L�D���S�R�P�D�F�H�V���D�V���V�X�V�W�D�L�Q�D�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H�V�����X�S���W�R�������������R�I���F�R�F�R�D��

�S�R�Z�G�H�U���F�D�Q���V�X�F�F�H�V�V�I�X�O�O�\���E�H���V�X�E�V�W�L�W�X�W�H�G���L�Q���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���Z�K�R�O�H���J�U�D�L�Q���F�R�R�N�L�H�V�����7�K�H�U�H�I�R�U�H�����W�K�H��

�R�S�W�L�P�L�]�H�G���F�R�R�N�L�H���I�R�U�P�X�O�D�W�L�R�Q���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�L�V���V�W�X�G�\���Z�D�V���X�V�H�G���I�R�U���I�X�U�W�K�H�U���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���G�H�W�D�L�O�H�G��

�L�Q���W�K�L�V���G�L�V�V�H�U�W�D�W�L�R�Q�� 
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5.1. Physical and sensory characteristics of cookies with grape- and aronia pomace   

�7�K�L�V���V�H�F�W�L�R�Q���V�X�P�P�D�U�L�]�H�V���W�K�H���I�L�Q�G�L�Q�J�V���F�R�Q�F�H�U�Q�L�Q�J���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���S�K�\�V�L�F�R�F�K�H�P�L�F�D�O����

�W�K�H�U�P�D�O���� �D�Q�G�� �V�W�U�X�F�W�X�U�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �H�G�L�E�O�H�� �I�L�O�P�V�� �I�R�U�P�X�O�D�W�H�G�� �Z�L�W�K�� �F�K�L�W�R�V�D�Q�� �D�Q�G�� �J�X�P�� �D�U�D�E�L�F����

�V�X�S�S�O�H�P�H�Q�W�H�G���Z�L�W�K���J�U�D�S�H���V�H�H�G���H�[�W�U�D�F�W�����*�6�(�������7�Z�R���W�\�S�H�V���R�I���I�L�O�P���I�R�U�P�L�Q�J���V�R�O�X�W�L�R�Q�V���Z�H�U�H���S�U�H�S�D�U�H�G����

�W�K�H�� �I�L�U�V�W�� ���.�*�$���� �F�R�P�S�U�L�V�H�G�� �F�K�L�W�R�V�D�Q���� �*�$���� �D�Q�G�� �J�O�\�F�H�U�R�O���� �Z�K�L�O�H�� �W�K�H�� �V�H�F�R�Q�G�� ���.�*�$�(���� �L�Q�F�O�X�G�H�G��

�F�K�L�W�R�V�D�Q�����*�$�����J�O�\�F�H�U�R�O�����D�Q�G���*�6�(�� 

�7�K�H���S�K�\�V�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���H�G�L�E�O�H���I�L�O�P�V���D�U�H���G�H�W�D�L�O�H�G���L�Q���3�X�E�O�L�F�D�W�L�R�Q���1�R�������������7�D�E�O�H��������

�)�L�O�P�V���F�R�Q�W�D�L�Q�L�Q�J���*�6�(���G�L�V�S�O�D�\�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���W�Z�L�F�H���W�K�H���W�K�L�F�N�Q�H�V�V�������������������P�����F�R�P�S�D�U�H�G���W�R���W�K�R�V�H��

�Z�L�W�K�R�X�W���*�6�(�����������������P�������7�K�L�V���D�O�L�J�Q�V���Z�L�W�K���I�L�Q�G�L�Q�J�V���I�U�R�P���2�O�L�Y�H�L�U�D���)�L�O�K�R���H�W���D�O���������������������Z�K�R���R�E�V�H�U�Y�H�G��

�D�Q���L�Q�F�U�H�D�V�H�G�� �W�K�L�F�N�Q�H�V�V�� �L�Q�� �F�K�L�W�R�V�D�Q���E�D�V�H�G�� �I�L�O�P�V�� �Z�L�W�K�� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I�� �F�L�W�U�X�V�� �O�L�P�R�Q�L�D�� �H�V�V�H�Q�W�L�D�O�� �R�L�O��

���!�������������������D�Q�G���Z�L�W�K���6�R�J�X�W���D�Q�G���6�H�\�G�L�P�������������������Z�K�R���U�H�S�R�U�W�H�G���V�L�P�L�O�D�U���W�U�H�Q�G�V���Z�L�W�K�������������������������D�Q�G��

�����������L�Q�F�O�X�V�L�R�Q���R�I���*�6�(���L�Q���F�K�L�W�R�V�D�Q���E�D�V�H�G���I�L�O�P�V�� 

�3�X�E�O�L�F�D�W�L�R�Q���1�R�����������7�D�E�O�H���������V�K�R�Z�V���W�K�D�W���W�K�H���Z�D�W�H�U���Y�D�S�R�U���S�H�U�P�H�D�E�L�O�L�W�\�����:�9�3�����Z�D�V���V�O�L�J�K�W�O�\��

�K�L�J�K�H�U���L�Q���.�*�$�(���������������“�������������[�������������J���P�������V�������3�D���������W�K�D�Q���L�Q���I�L�O�P�V���Z�L�W�K�R�X�W���H�[�W�U�D�F�W���������������“�������������[��������

�����J���P�������V�������3�D�����������7�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q���R�I���K�\�G�U�R�S�K�L�O�L�F���*�6�(���O�H�G���W�R���D�Q���L�Q�F�U�H�D�V�H���L�Q���W�K�H���:�9�3�����:�X���H�W���D�O������

���������������$�V���D���U�H�V�X�O�W�����D�S�S�O�\�L�Q�J���F�K�L�W�R�V�D�Q���*�$���F�R�D�W�L�Q�J�V���Z�L�W�K���*�6�(���W�R���F�R�R�N�L�H�V���U�H�T�X�L�U�H�V���D���W�K�L�F�N�H�U���O�D�\�H�U���D�Q�G��

�D�� �S�U�R�O�R�Q�J�H�G�� �G�U�\�L�Q�J�� �W�L�P�H�����0�R�U�H�R�Y�H�U���� �I�L�O�P�V�� �H�Q�U�L�F�K�H�G�� �Z�L�W�K�� �*�6�(���V�K�R�Z�H�G���U�H�G�X�F�H�G���Z�D�W�H�U�� �V�R�O�X�E�L�O�L�W�\��

���:�6�����Z�L�W�K���Y�D�O�X�H�V���R�I���������������“�������������������L�Q���F�R�Q�W�U�D�V�W���W�R���W�K�H���I�L�O�P���Z�L�W�K�R�X�W���H�[�W�U�D�F�W�����Z�L�W�K���D���V�R�O�X�E�L�O�L�W�\���R�I��
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�Z�L�W�K���Q�R���V�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���.�*�$���D�Q�G���.�*�$�(�� 

�6�X�U�I�D�F�H���W�R�S�R�J�U�D�S�K�\���R�I���I�L�O�P�V���E�D�V�H�G���R�Q���F�K�L�W�R�V�D�Q���D�Q�G���*�$�����E�R�W�K���Z�L�W�K���D�Q�G���Z�L�W�K�R�X�W���*�6�(�����Z�D�V��

�H�[�D�P�L�Q�H�G���X�V�L�Q�J���V�F�D�Q�Q�L�Q�J���H�O�H�F�W�U�R�Q���P�L�F�U�R�V�F�R�S�\�����6�(�0�������D�Q�G���W�K�H���U�H�V�X�O�W�V���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���3�X�E�O�L�F�D�W�L�R�Q��

�1�R�����������7�K�H���F�K�L�W�R�V�D�Q���*�$���I�L�O�P���V�X�U�I�D�F�H���D�S�S�H�D�U�H�G���V�P�R�R�W�K�����X�Q�L�I�R�U�P�����D�Q�G���I�U�H�H���R�I���L�U�U�H�J�X�O�D�U�L�W�L�H�V�����E�X�E�E�O�H�V����

�R�U���F�U�D�F�N�V�����&�R�Q�Y�H�U�V�H�O�\�����I�L�O�P�V���H�Q�U�L�F�K�H�G���Z�L�W�K���*�6�(�����.�*�$�(�����G�L�V�S�O�D�\�H�G���J�U�D�Q�X�O�D�U���D�J�J�O�R�P�H�U�D�W�H�V�����������±������

���P���� �Z�L�W�K�L�Q�� �W�K�H�� �I�L�O�P�� �P�D�W�U�L�[�� ���3�X�E�O�L�F�D�W�L�R�Q�� �1�R���� ���������)�L�J�X�U�H�� �������� �Z�L�W�K�� �P�L�Q�L�P�D�O�� �L�P�S�D�F�W�� �R�Q�� �I�L�O�P��

�K�R�P�R�J�H�Q�H�L�W�\�����'�H�V�S�L�W�H���W�K�H���S�U�H�V�H�Q�F�H���R�I���D�J�J�O�R�P�H�U�D�W�H�V�����W�K�H���V�X�U�I�D�F�H���R�I���W�K�H���F�K�L�W�R�V�D�Q���*�$���I�L�O�P���F�R�Q�W�D�L�Q�L�Q�J��

�*�6�(���U�H�P�D�L�Q�H�G���V�P�R�R�W�K�����L�Q�G�L�F�D�W�L�Q�J���H�[�F�H�O�O�H�Q�W���V�W�U�X�F�W�X�U�D�O���L�Q�W�H�J�U�L�W�\���D�Q�G���F�R�P�S�D�F�W�Q�H�V�V�� 

�$�V���I�O�D�Y�R�U���L�V���W�K�H���P�R�V�W���L�P�S�R�U�W�D�Q�W���V�H�Q�V�R�U�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F���W�R���F�R�Q�V�X�P�H�U�V�����3�X�E�O�L�F�D�W�L�R�Q���1�R���������±��

�7�D�E�O�H���������V�K�R�Z�V���W�K�D�W���*�$�3���Z�L�W�K���.�*�$�(���K�D�G���W�K�H���P�R�V�W���I�D�Y�R�U�D�E�O�H���I�O�D�Y�R�U�������������“���������������*�L�Y�H�Q���W�K�H���V�X�S�H�U�L�R�U��

�U�H�V�X�O�W�V���L�Q���O�L�J�K�W�Q�H�V�V�����I�O�D�Y�R�U�����R�G�R�U�����D�Q�G���W�H�[�W�X�U�H���±���.�*�$�(���H�G�L�E�O�H���I�L�O�P�V���Z�H�U�H���F�K�R�V�H�Q���I�R�U���I�X�U�W�K�H�U���D�Q�D�O�\�V�L�V��

�R�Q���F�R�R�N�L�H�V�� 
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2. Extending the shelf-life of cookies through the application of edible films 

2.1. Accelerated and direct shelf-life method 

�,�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �I�L�Q�G�L�Q�J�V�� �I�U�R�P�� �W�K�H�� �L�Q�L�W�L�D�O�� �S�K�D�V�H�� �R�I�� �W�K�H�� �G�L�V�V�H�U�W�D�W�L�R�Q���� �W�K�H�� �V�S�U�D�\�L�Q�J��

�W�H�F�K�Q�L�T�X�H���Z�D�V���X�V�H�G���W�R���D�G�P�L�Q�L�V�W�H�U���W�K�H���F�K�L�W�R�V�D�Q���D�Q�G���*�$���E�D�V�H�G���I�L�O�P���I�R�U�P�L�Q�J���V�R�O�X�W�L�R�Q���V�X�S�S�O�H�P�H�Q�W�H�G��

�Z�L�W�K���W�K�H���E�L�R�D�F�W�L�Y�H���F�R�P�S�R�Q�H�Q�W�����*�6�(�����R�Q�W�R���W�K�H���F�R�R�N�L�H�V�����0�R�U�H�R�Y�H�U�����F�R�Q�W�U�R�O���F�R�R�N�L�H�V���F�R�Q�W�D�L�Q�L�Q�J���F�R�F�R�D��

���&�&�������F�R�R�N�L�H�V�� �Z�L�W�K�� �J�U�D�S�H�����D�Q�G�� �D�U�R�Q�L�D�� �S�R�P�D�F�H�� ���*�$�3������ �D�Q�G�� �*�$�3�� �Z�L�W�K�� �.�*�$�(�� �Z�H�U�H�� �F�K�R�V�H�Q�� �I�R�U��

�V�X�E�V�H�T�X�H�Q�W���D�Q�D�O�\�V�H�V�����3�X�E�O�L�F�D�W�L�R�Q���1�R���������L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H���T�X�D�O�L�W�\���D�W�W�U�L�E�X�W�H�V���R�I���F�R�D�W�H�G���F�R�R�N�L�H�V���V�W�R�U�H�G��

�X�Q�G�H�U�� �Y�D�U�\�L�Q�J���W�H�P�S�H�U�D�W�X�U�H�V���� �D�O�R�Q�J�� �Z�L�W�K�� �H�[�D�P�L�Q�L�Q�J�� �W�K�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �T�X�D�O�L�W�\�� �S�D�U�D�P�H�W�H�U�V��

���S�H�U�R�[�L�G�H���Y�D�O�X�H�����D�Q�G���V�H�Q�V�R�U�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����)�X�U�W�K�H�U�P�R�U�H�����4�������Y�D�O�X�H�V���D�Q�G���D�F�W�L�Y�D�W�L�R�Q���H�Q�H�U�J�\�����(�D����

�Z�H�U�H���F�D�O�F�X�O�D�W�H�G���D�V���S�D�U�W���R�I���W�K�H���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���� 

�3�X�E�O�L�F�D�W�L�R�Q���1�R���������V�K�R�Z�V���W�K�D�W���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���H�G�L�E�O�H���F�R�D�W�L�Q�J�V���U�H�G�X�F�H�G���S�H�U�R�[�L�G�H���I�R�U�P�D�W�L�R�Q��

�L�Q�� �F�R�R�N�L�H�V�� �G�X�U�L�Q�J�� �V�W�R�U�D�J�H���� �W�K�X�V�� �H�[�W�H�Q�G�L�Q�J���W�K�H���V�K�H�O�I���O�L�I�H���� �7�K�L�V�� �I�L�Q�G�L�Q�J�� �Z�D�V�� �F�R�Q�I�L�U�P�H�G�� �W�K�U�R�X�J�K��

�D�F�F�H�O�H�U�D�W�H�G�����$�6�/�7�����D�Q�G���G�L�U�H�F�W���V�K�H�O�I���O�L�I�H���W�H�V�W�V�����'�H�V�S�L�W�H���V�O�L�J�K�W���P�R�L�V�W�X�U�H���F�K�D�Q�J�H�V�����U�H�P�D�L�Q�L�Q�J���E�H�O�R�Z������

�����L�Q���D�O�O���F�R�R�N�L�H�V���I�R�U�������P�R�Q�W�K�V�����*�$�3���Z�L�W�K���.�*�$�(���K�D�G���W�K�H���O�H�D�V�W���P�R�L�V�W�X�U�H���F�K�D�Q�J�H�����O�L�N�H�O�\���G�X�H���W�R���W�K�H��

�D�G�G�L�W�L�R�Q�D�O���G�U�\�L�Q�J�����3�X�E�O�L�F�D�W�L�R�Q���1�R���������±���7�D�E�O�H�����������0�R�Q�L�W�R�U�L�Q�J���P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W���D�I�W�H�U���D�S�S�O�\�L�Q�J���H�G�L�E�O�H��

�I�L�O�P�V���L�V���F�U�X�F�L�D�O���G�X�H���W�R���W�K�H���K�\�G�U�R�S�K�L�O�L�F���Q�D�W�X�U�H���R�I���*�6�(�����7�K�H���S�H�U�R�[�L�G�H���Y�D�O�X�H�����3�9�����L�Q�F�U�H�D�V�H�G���R�Y�H�U������

�P�R�Q�W�K�V���D�W���K�L�J�K�H�U���V�W�R�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H�V���E�X�W���V�W�D�\�H�G���E�H�O�R�Z���W�K�H���F�U�L�W�L�F�D�O���O�H�Y�H�O���R�I���������P�P�R�O���2�����N�J�í�������1�L�N�L����

���������������$�F�F�R�U�G�L�Q�J���W�R���W�K�H���$�6�/�7�����&�&���Z�D�V���H�[�S�H�F�W�H�G���W�R���K�D�Y�H���W�K�H���K�L�J�K�H�V�W���V�K�H�O�I���O�L�I�H���G�X�H���W�R���W�K�H���O�R�Z�H�V�W��

�L�Q�F�U�H�D�V�H���L�Q���3�9���D�W�������ƒ�&���������������“�������������P�P�R�O���N�J�������'�H�V�S�L�W�H���H�[�S�H�U�L�H�Q�F�L�Q�J���W�K�H���K�L�J�K�H�V�W���3�9���L�Q�F�U�H�D�V�H���D�W��

�����ƒ�&���D�P�R�Q�J���D�O�O���J�U�R�X�S�V�����*�$�3���Z�L�W�K���.�*�$�(���H�[�K�L�E�L�W�H�G���D���K�L�J�K�H�U���D�F�W�L�Y�D�W�L�R�Q���H�Q�H�U�J�\�����Z�K�L�F�K���V�O�R�Z�H�G���G�R�Z�Q��

�W�K�H���U�H�D�F�W�L�R�Q���D�Q�G���T�X�D�O�L�W�\���G�H�F�O�L�Q�H�����3�X�E�O�L�F�D�W�L�R�Q���1�R���������±���7�D�E�O�H�����������$�I�W�H�U���V�L�[���P�R�Q�W�K�V�����D���U�D�Q�F�L�G���R�G�R�U���Z�D�V��

�G�H�W�H�F�W�H�G���R�Q�O�\���L�Q���&�&�����3�X�E�O�L�F�D�W�L�R�Q���1�R���������±���)�L�J�X�U�H�����D���D�Q�G���E�������L�Q�G�L�F�D�W�L�Q�J���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���V�H�F�R�Q�G�D�U�\��

�R�[�L�G�D�W�L�R�Q���S�U�R�G�X�F�W�V���D�Q�G���W�K�H���H�Q�G���R�I���L�W�V���V�K�H�O�I���O�L�I�H�� 

�7�K�H���W�H�[�W�X�U�H���R�I���F�R�R�N�L�H�V���Z�D�V���D�O�W�H�U�H�G���E�\���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���F�R�D�W�L�Q�J�V�����V�L�J�Q�L�I�L�F�D�Q�W�O�\���S�U�R�O�R�Q�J�L�Q�J��

�W�K�H�L�U���V�K�H�O�I���O�L�I�H���E�\�� �D�W�� �O�H�D�V�W�� ������ �G�D�\�V�� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H���&�&���� �D�V�� �F�R�Q�I�L�U�P�H�G�� �E�\�� �G�L�U�H�F�W�� �W�H�V�W�L�Q�J���� �'�X�H�� �W�R��

�R�E�V�H�U�Y�H�G���G�L�I�I�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���W�K�H���G�L�U�H�F�W���D�Q�G���W�K�H���$�6�/�7���P�H�W�K�R�G�����S�D�U�W�L�F�X�O�D�U�O�\���U�H�J�D�U�G�L�Q�J���3�9���D�W�������ƒ�&��

�L�Q���F�R�Q�W�U�R�O���F�R�R�N�L�H�V�����I�X�W�X�U�H���U�H�V�H�D�U�F�K���F�R�X�O�G���E�H�Q�H�I�L�W���I�U�R�P���D�G�G�L�W�L�R�Q�D�O���D�Q�D�O�\�V�H�V���O�L�N�H���D�V�V�H�V�V�L�Q�J���D�Q�L�V�L�G�L�Q�H��

�Y�D�O�X�H�V���D�Q�G���F�R�Q�G�X�F�W�L�Q�J���V�H�Q�V�R�U�\���H�Y�D�O�X�D�W�L�R�Q�V�� 

������
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3. Improving the quality of cookies through the application of fruit by-products and 

edible films 

�3�X�E�O�L�F�D�W�L�R�Q�V���1�R���� �����D�Q�G���1�R���� �����H�[�D�P�L�Q�H���W�K�H���Q�X�W�U�L�W�L�R�Q�D�O���D�Q�G���D�Q�W�L�R�[�L�G�D�Q�W���S�U�R�S�H�U�W�L�H�V���R�I���Z�K�R�O�H��

�J�U�D�L�Q�� �F�R�R�N�L�H�V�� �Z�L�W�K�� ���������� �F�R�F�R�D�� �S�R�Z�G�H�U�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �E�\�� �J�U�D�S�H�����D�Q�G�� �D�U�R�Q�L�D�� �S�R�P�D�F�H���� �F�R�D�W�H�G�� �Z�L�W�K��

�H�G�L�E�O�H���I�L�O�P�V���H�Q�U�L�F�K�H�G���Z�L�W�K���J�U�D�S�H���V�H�H�G���H�[�W�U�D�F�W�����*�$�3���Z�L�W�K���.�*�$�(���� 

�7�K�H�� �F�R�R�N�L�H�V�� �V�K�R�Z�H�G���Q�R�Q���V�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �I�D�W���� �S�U�R�W�H�L�Q���� �I�L�E�H�U���� �V�W�D�U�F�K���� �J�O�X�F�R�V�H���� �D�Q�G��

�P�L�Q�H�U�D�O���F�R�Q�W�H�Q�W���� �L�Q�G�L�F�D�W�L�Q�J���W�K�H���V�X�F�F�H�V�V�I�X�O�� �X�W�L�O�L�]�D�W�L�R�Q�� �R�I�� �I�U�X�L�W�� �E�\���S�U�R�G�X�F�W�V�� �D�V�� �F�R�F�R�D�� �V�X�E�V�W�L�W�X�W�H�V��

���3�X�E�O�L�F�D�W�L�R�Q���1�R���������±���7�D�E�O�H�������� 

�7�K�H�� �V�W�X�G�\�� �L�Q�Y�H�V�W�L�J�D�W�H�V�� �K�R�Z�� �J�U�D�S�H���� �D�Q�G�� �D�U�R�Q�L�D�� �S�R�P�D�F�H���� �F�R�P�E�L�Q�H�G�� �Z�L�W�K�� �H�G�L�E�O�H�� �I�L�O�P�V��

�F�R�Q�W�D�L�Q�L�Q�J�� �J�U�D�S�H�� �V�H�H�G�� �H�[�W�U�D�F�W�� ���*�6�(������ �L�Q�I�O�X�H�Q�F�H�� �W�K�H�� �F�R�R�N�L�H�V�� �W�R�W�D�O�� �S�K�H�Q�R�O�L�F�� �F�R�Q�W�H�Q�W�� ���7�3�&���� �D�Q�G��

�D�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�\�����5�H�V�X�O�W�V���V�K�R�Z���W�K�D�W���F�R�R�N�L�H�V���Z�L�W�K���*�$�3���D�Q�G���.�*�$�(���K�D�G���V�L�J�Q�L�I�L�F�D�Q�W���K�L�J�K�H�U���7�3�&��

�O�H�Y�H�O�V���������������“���������������J���*�$���J���G���Z���������F�R�P�S�D�U�H�G���W�R���W�K�R�V�H���Z�L�W�K���&�&���������������“���������������J���*�$���J���G���Z�����������%�H�V�L�G�H�V����
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4. Effects of the consumption of cookies containing GAP and KGAE on oxLDL receptor  

in healthy women 
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5. Market potential and consumer attitude towards whole grain and sustainable cookies  

This dissertation is the first one to explore the market potential and consumer attitude to-

ward whole grain and sustainable cookies made with food by-products and edible films. While 

comparing responses across different countries (Croatia, France and North Macedonia) and gen-

erations, parameters such as sustainability knowledge, nutritional awareness as well as the will-

ingness to purchase environmentally friendly cookies enriched with food by-products were as-

sessed in Publication No. 3. Participants were categorized into the following four generations ac-

cording to a study conducted �E�\���â�H�G�t�N���H�W���D�O���������������������*�H�Q�H�U�D�W�L�R�Q���=�����E�R�U�Q���E�H�W�Z�H�H�Q�������������D�Q�G����������������

Generation Y (born between 1996 and 1981), Generation X (born between 1980 and 1972), and 

Generation Silver (born between 1971 and 1952). 

The study revealed distinct preferences between demographics. While chocolate-coated 

cookies remained popular overall, North Macedonian respondents favored whole grain and plain 

varieties (35 %), in contrast to the French who preferred chocolate-coated cookies (48 %), and the 

Croats who liked both (65 %) (Publication No. 3 - Figure 1a). Generation Silver showed a prefer-

ence towards whole grain cookies (37 %), while Generation Z favored chocolate-coated ones (49 

%). These findings support previous research indicating a preference for chocolate and whole grain 

�F�R�R�N�L�H�V���L�Q���&�U�R�D�W�L�D�����ý�X�N�H�O�M���H�W���D�O���������������������1�R�W�D�E�O�\�����*�H�Q�H�U�D�W�L�R�Q���= was found to prioritize flavor over 

nutrition, which is consistent with their lower emphasis on healthy eating reported by Savelli et 

al., 2023. 

�*�H�Q�H�U�D�W�L�R�Q�� �=�� �U�H�S�U�H�V�H�Q�W�V�� �D�� �G�L�V�W�L�Q�F�W�L�Y�H�� �F�R�K�R�U�W�� �R�I�� �F�R�Q�V�X�P�H�U�V�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �E�\�� �V�X�E�R�S�W�L�P�D�O��

�G�L�H�W�D�U�\���S�D�W�W�H�U�Q�V�����S�R�W�H�Q�W�L�D�O�O�\���L�Q�I�O�X�H�Q�F�H�G���E�\���P�H�G�L�D���H�[�S�R�V�X�U�H���D�Q�G���D���S�H�U�F�H�L�Y�H�G���L�Q�D�G�H�T�X�D�F�\���L�Q���F�X�O�L�Q�D�U�\��

�S�U�R�I�L�F�L�H�Q�F�\���� �&�R�Q�V�H�T�X�H�Q�W�O�\���� �W�K�L�V���F�R�K�R�U�W���G�H�P�R�Q�V�W�U�D�W�H�V�� �D�� �G�H�S�H�Q�G�H�Q�F�H�� �R�Q�� �S�U�H���S�D�F�N�H�G�� �F�R�Q�Y�H�Q�L�H�Q�F�H��

�I�R�R�G�� 

�)�U�H�Q�F�K���S�D�U�W�L�F�L�S�D�Q�W�V���V�K�R�Z�H�G���D�Q���L�Q�F�U�H�D�V�H�G���F�R�R�N�L�H���F�R�Q�V�X�P�S�W�L�R�Q���D�W�W�U�L�E�X�W�H�G���W�R���K�D�E�L�W�V�����E�R�U�H�G�R�P����

�R�U�� �V�W�U�H�V�V�� ���S�� ���� �������������� ���3�X�E�O�L�F�D�W�L�R�Q�� �1�R���� ���������)�L�J�X�U�H�� ���D������ �L�Q�G�L�F�D�W�L�Q�J�� �S�R�W�H�Q�W�L�D�O�� �H�P�R�W�L�R�Q�D�O�� �H�D�W�L�Q�J��

�W�H�Q�G�H�Q�F�L�H�V�����7�K�H�V�H�� �U�H�V�X�O�W�V���D�U�H�� �L�Q�� �O�L�Q�H���Z�L�W�K�� �1�D�U�F�K�L�� �H�W�� �D�O���� �������������� �I�L�Q�G�L�Q�J�V�� �R�Q�� �H�P�R�W�L�R�Q�D�O�� �H�D�W�L�Q�J��

�E�H�K�D�Y�L�R�U�V�� �D�P�R�Q�J�� �H�O�G�H�U�O�\�� �)�U�H�Q�F�K�� �L�Q�G�L�Y�L�G�X�D�O�V���� �V�K�R�Z�L�Q�J�� �D�� �S�R�V�L�W�L�Y�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �S�R�V�L�W�L�Y�H��

�H�P�R�W�L�R�Q�V�� �D�Q�G�� �I�R�R�G�� �L�Q�W�D�N�H���� �0�R�U�H�R�Y�H�U���� �W�K�H�� �S�U�H�Y�D�O�H�Q�F�H�� �R�I�� �V�W�X�G�H�Q�W�V�� �D�P�R�Q�J���W�K�H���)�U�H�Q�F�K�� �S�D�U�W�L�F�L�S�D�Q�W�V��

�P�D�\���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q���L�Q�F�U�H�D�V�H�G���I�L�Q�G�L�Q�J���R�I���V�W�U�H�V�V���U�H�O�D�W�H�G���H�D�W�L�Q�J���E�H�K�D�Y�L�R�U�V�����D�V���V�W�U�H�V�V���L�V���U�H�S�R�U�W�H�G��

�W�R���V�L�J�Q�L�I�L�F�D�Q�W�O�\���D�I�I�H�F�W���V�W�X�G�H�Q�W�V���G�L�H�W�D�U�\���K�D�E�L�W�V���D�Q�G�� �P�D�\���O�H�D�G���W�R�� �H�D�W�L�Q�J���G�L�V�R�U�G�H�U�V�����7�D�Y�R�O�D�F�F�L���H�W�� �D�O������

���������������&�O�X�V�W�H�U���D�Q�D�O�\�V�L�V���F�R�Q�I�L�U�P�H�G���H�P�R�W�L�R�Q�D�O���H�D�W�L�Q�J���W�H�Q�G�H�Q�F�L�H�V���D�P�R�Q�J���W�K�H���)�U�H�Q�F�K���S�D�U�W�L�F�L�S�D�Q�W�V�����L�Q��
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�ý�X�N�H�O�M���H�W���D�O���������������������K�L�J�K�O�L�J�K�W�L�Q�J���D���O�L�Q�N���E�H�W�Z�H�H�Q���K�D�E�L�W�V���D�Q�G���H�P�R�W�L�R�Q�V�����.�D�\�O�R�U���H�W���D�O�������������������U�H�S�R�U�W�H�G��
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�V�L�J�Q�V���R�I���H�D�W�L�Q�J���G�L�V�R�U�G�H�U�V�����$�G�G�L�W�L�R�Q�D�O�O�\�����*�H�Q�H�U�D�W�L�R�Q���=���V�K�R�Z�H�G���D���O�R�Z�H�U���H�D�W�L�Q�J���G�L�V�F�L�S�O�L�Q�H���F�R�P�S�D�U�H�G��

�W�R���S�U�H�Y�L�R�X�V���J�H�Q�H�U�D�W�L�R�Q�V�����'�X�U�X�N�D�Q���D�Q�G���*�X�O�������������������Z�L�W�K���W�K�H���U�H�F�H�Q�W���&�2�9�,�'���������S�D�Q�G�H�P�L�F���L�Q�F�U�H�D�V�L�Q�J��

�V�W�U�H�V�V���U�H�O�D�W�H�G���F�K�D�Q�J�H�V���L�Q���W�K�L�V���G�H�P�R�J�U�D�S�K�L�F�����6�L�W�R�D�\�X���H�W���D�O������������������ 
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�U�H�J�X�O�D�U���Z�K�R�O�H���J�U�D�L�Q���F�R�Q�V�X�P�S�W�L�R�Q�����)�U�H�Q�F�K���S�D�U�W�L�F�L�S�D�Q�W�V���G�L�V�S�O�D�\�H�G���D���O�R�Z�H�U���S�U�L�R�U�L�W�\���I�R�U���F�R�R�N�L�H���I�L�E�H�U��

�F�R�Q�W�H�Q�W�����S�����������������������F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���S�U�L�R�U���U�H�V�H�D�U�F�K���K�L�J�K�O�L�J�K�W�L�Q�J���L�Q�V�X�I�I�L�F�L�H�Q�W���I�L�E�H�U���L�Q�W�D�N�H���L�Q���)�U�D�Q�F�H��

���/�D�L�U�R�Q���H�W���D�O���������������������$�G�G�L�W�L�R�Q�D�O�O�\�����*�H�Q�H�U�D�W�L�R�Q���<���V�K�R�Z�H�G���V�W�U�R�Q�J���K�H�D�O�W�K���F�R�Q�V�F�L�R�X�V�Q�H�V�V�����H�V�S�H�F�L�D�O�O�\��

�U�H�J�D�U�G�L�Q�J���Z�H�L�J�K�W���P�D�Q�D�J�H�P�H�Q�W�����6�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���Z�H�U�H���R�E�V�H�U�Y�H�G���E�H�W�Z�H�H�Q���*�H�Q�H�U�D�W�L�R�Q���=���D�Q�G��

�R�W�K�H�U���J�H�Q�H�U�D�W�L�R�Q�V���L�Q���I�L�E�H�U���F�R�Q�V�X�P�S�W�L�R�Q�����S��� �������������������D�Q�G���L�Q�W�D�N�H���R�I���E�L�R�O�R�J�L�F�D�O�O�\���D�F�W�L�Y�H���V�X�E�V�W�D�Q�F�H�V��

���S�� ���� ���������������� �L�Q�G�L�F�D�W�L�Q�J�� �S�R�W�H�Q�W�L�D�O�� �J�D�S�V�� �L�Q���W�K�H���K�H�D�O�W�K�� �H�G�X�F�D�W�L�R�Q�� �D�P�R�Q�J�� �*�H�Q�H�U�D�W�L�R�Q�� �=���� �7�K�L�V���L�V�� �L�Q��

�F�R�Q�W�U�D�V�W�� �Z�L�W�K�� �6�X�� �H�W�� �D�O���� �������������� �I�L�Q�G�L�Q�J�V���� �Z�K�L�F�K�� �U�H�S�R�U�W�H�G�� �H�I�I�H�F�W�L�Y�H�� �K�H�D�O�W�K�� �H�G�X�F�D�W�L�R�Q�� �D�P�R�Q�J��
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