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ABSTRACT 

 

Phenolic compounds are contained in many plants and are therefore in the foods and 

beverages that are consumed.  These compounds are found in all parts of the grape with 

some tissues having greater concentrations than others.  Interest in phenolic compounds 

comes from epidemiological, in-vitro and in-vivo studies on the effects of these compounds.  

The effects observed can be attributed to the antioxidant, antimicrobial, and antiviral activity 

of the compounds.  The potential health benefits associated with phenolic compounds have 

driven research into maximizing their extraction. 

 

Wine, a fermented beverage from grapes, is known to have high levels of these compounds, 

especially in red varietals. It would be advantageous to increase phenolic levels in white wines 

so that a greater quantity would be available in the diet of white wine drinkers.  The 

challenge in increasing phenolic levels is maintaining wine varietal characteristics.  In an 

attempt to do this, two varietals were selected; Sauvignon blanc and Chardonnay.  These two 

varietals were subjected to various maceration techniques: cryogenic, carbonic, extended skin 

contact, and combinations of these techniques, in order to increase the phenolic levels within 

the wines.   One maceration technique, cryogenic maceration, provided a significant increase 

in phenolics and antioxidant activity, while maintaining the varietals characteristics, which 

was established by an experienced tasting panel.  In addition to significantly increasing the 

antioxidant profile, it was found that the cryogenic maceration also increased the 

concentration of certain varietal thiols in the Sauvignon blanc wines. 

 

Within both the wine varieties the enhancement of the aromas needed to be balanced with 

the tactile aspects presented by the phenolic loading.  Perceived aroma increases can occur 
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by two possible mechanisms, an increase in the concentration of the chemical providing the 

attribute or a lowering of the perceived aroma threshold.  The process of the cryogenic 

maceration is to produce cellular membrane disruptions, this in turn results in the release of 

more compounds, aromatic and other, to the juice.  The mere increase in aroma compounds 

can account for the sensory attribute increases, however the phenolic concentration plays an 

important role in altering the perception thresholds of aroma compounds.  The wine studies 

demonstrated this aspect utilizing the sensory panel to determine enhanced attributes.  These 

increases were then correlated to phenolic increases via previous studies looking at this 

aspect.  Additionally, it was established that the ethanol concentration did not have an affect 

on the aroma attributes in the reported studies.   

 

At the same time, winemaking processes generate large quantities of waste, which remain 

under-utilized as there are still many phenolic compounds contained in the final grape marc 

left over after pressing off the juice.  On the other hand, the presence of phenolics presents a 

problem for the composting of the waste marc, as they can cause phytotoxicity.  A method 

was designed to extract these compounds to allow for more immediate use of the marc for 

horticulture uses.  The water extract contained phenolics, sugars and other residual 

compounds.  To convert this extract into a viable product, the extract solution was purified, 

selecting for the phenolic compounds, which were then dried to form a powder.  This 

product, consisting largely of phenolic tannin molecules, was then characterized to determine 

its composition and compare it to commercially available extract products.  The water based 

extract performed equally well compared to commercially available grape tannin in 

antioxidant activity and antimicrobial activity against gram-positive bacteria, and 

outperformed the commercial product in antimicrobial activity against gram-negative 

bacteria.  Additionally, the water-based extract contained a three-fold lower amount of 

residual sugar. 
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The results of the antioxidant and antimicrobial studies gave encouraging results for the 

application of the extract in packaging materials to protect foods.  Initial studies were 

performed using solution blending with ethyl cellulose to establish antioxidant activity and 

binding mechanisms.  It was demonstrated that the antioxidant activity of the grape tannin/ 

ethyl cellulose blend remained after processing and was significantly increased at a 

concentration of 0.5% added extract.  It was proposed that the phenolics were integrated 

within the ethyl cellulose structure through hydrogen bonding.  The excellent results from 

the ethyl cellulose work prompted studies on extract incorporation into polyolefins as they 

are more commonly used polymers in the packaging industry.   

 

The polyolefins presented the challenge of the high temperatures required to melt blend the 

materials, as phenolics are known to degrade at high temperatures.  However, only the 

blending of PET required a high temperature that adversely affected the phenolics, resulting 

in their thermal degradation, which was observed by the low antioxidant activity and the 

resulting deep purple color of the blend.  The other polyolefins, high density polyethylene 

(HDPE), linear low density polyethylene (LLDPE) and polypropylene (PP), all showed 

promising results with low leachable solids, superb antioxidant activity significant even at 1% 

grape tannin incorporation, and minimal to no changes in physical properties.   
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Preface 

 

In early 2012, Professor Paul Kilmartin, after receiving my research proposal, accepted to 

supervise a wine antioxidant project.  New Zealand Education through a New Zealand 

International Doctoral Research Scholarship (NZIDRS) then subsequently funded the 

project and a three-year journey of an evolving research project and international 

collaborations was begun. The project expanded to valorize agro-waste from wineries in 

New Zealand and utilization of these extracts to provide active packaging.  This culminated 

in the honor of being chosen to orally present a portion of the research at the School of 

Chemical Sciences Centenary celebrations.  This thesis contains a portion of the resulting 

publications from these research endeavors. 
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PCA    Principle component analysis 

PDMS    Polydimethylsiloxane 

PDO    Polyphenolperoxidase 

PET    Polyethylene terephthalate 

PKCε    Protein kinase Cε 

PP    Polypropylene 

ppm    Parts per million 

PPO    Polyphenoloxidaes 
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ROS    Reactive oxygen species 
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S    Siemens 
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SPME    Solid-phase microextraction 

SSNMR   Solid State-Nuclear Magnetic Resonance 

TA    Total acidity 

TE    Trolox equivalent 

TEAC    Trolox equivalent antioxidant capacity 

TGA    Thermogravimetric analysis 

TNF-α    Tumor necrosis factor – alpha 

TOSC    Total oxidant scavenging capacity 

TRAP    Total radical trapping antioxidant parameter 

TSB    Tryptic soy broth 
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VA    Volatile acidity 

Vis    Visible 
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TERMS AND CONDITIONS 
 

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or 
one of its group companies (each a "Wiley Company") or handled on behalf of a society 
with which a Wiley Company has exclusive publishing rights in relation to a particular 
work (collectively "WILEY"). By clicking 'accept' in connection with completing this 
licensing transaction, you agree that the following terms and conditions apply to this 
transaction (along with the billing and payment terms and conditions established by the 
Copyright Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at 
the time that you opened your Rightslink account (these are available at any time at 
http://myaccount.copyright.com). 

Terms and Conditions 
 

The materials you have requested permission to reproduce or reuse (the "Wiley 
Materials") are protected by copyright. 

 
You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand- 
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley 
Materials for the purpose specified in the licensing process. This license is for a 
one- time use only and limited to any maximum distribution number specified in 
the license. The first instance of republication or reuse granted by this licence must 
be completed within two years of the date of the grant of this licence (although 
copies prepared before the end date may be distributed thereafter). The Wiley 
Materials shall not be used in any other manner or for any other purpose, beyond 
what is granted in the license. Permission is granted subject to an appropriate 
acknowledgement given to the author, title of the material/book/journal and the 
publisher. You shall also duplicate the copyright notice that appears in the Wiley 
publication in your use of the Wiley Material. Permission is also granted on the 
understanding that nowhere in the text is a previously published source 
acknowledged for all or part of this Wiley Material. Any third party content is 
expressly excluded from this permission. 

 
With respect to the Wiley Materials, all rights are reserved. Except as expressly 
granted by the terms of the license, no part of the Wiley Materials may be copied, 
modified, adapted (except for minor reformatting required by the new Publication), 
translated, reproduced, transferred or distributed, in any form or by any means, and 
no derivative works may be made based on the Wiley Materials without the prior 
permission of the respective copyright owner. You may not alter, remove or 
suppress in any manner any copyright, trademark or other notices displayed by the 
Wiley Materials. You may not license, rent, sell, loan, lease, pledge, offer as security, 
transfer or assign the Wiley Materials on a stand-alone basis, or any of the rights 
granted to you hereunder to any other person. 
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• The Wiley Materials and all of the intellectual property rights therein shall at all 
times remain the exclusive property of John Wiley & Sons Inc, the Wiley 
Companies, or their respective licensors, and your interest therein is only that of 
having possession of and the right to reproduce the Wiley Materials pursuant to 
Section 2 herein during the continuance of this Agreement. You agree that you own 
no right, title or interest in or to the Wiley Materials or any of the intellectual 
property rights therein. You shall have no rights hereunder other than the license as 
provided for above in Section 2. No right, license or interest to any trademark, 
trade name, service mark or other branding ("Marks") of WILEY or its licensors is 
granted hereunder, and you agree that you shall not assert any such right, license or 
interest with respect thereto. 
 

• NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, 
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE 
MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED 
IN THE MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY 
IMPLIED WARRANTY OF MERCHANTABILITY, ACCURACY, 
SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR PURPOSE, 
USABILITY, INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH 
WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND ITS 
LICENSORS AND WAIVED BY YOU 
 

• WILEY shall have the right to terminate this Agreement immediately upon breach 
of this Agreement by you. 

 

• You shall indemnify, defend and hold harmless WILEY, its Licensors and their 
respective directors, officers, agents and employees, from and against any actual or 
threatened claims, demands, causes of action or proceedings arising from any 
breach of this Agreement by you. 

 

• IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU 
OR ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR 
ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, 
EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING 
OUT OF OR IN CONNECTION WITH THE DOWNLOADING, 
PROVISIONING, VIEWING OR USE OF THE MATERIALS REGARDLESS 
OF THE FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, 
BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR 
OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED 
ON LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR 
CLAIMS OF THIRD PARTIES), AND WHETHER OR NOT THE PARTY 
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. THIS 
LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE OF 
ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN. 
 

• Should any provision of this Agreement be held by a court of competent jurisdiction 
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to be illegal, invalid, or unenforceable, that provision shall be deemed amended to 
achieve as nearly as possible the same economic effect as the original provision, and 
the legality, validity and enforceability of the remaining provisions of this Agreement 
shall not be affected or impaired thereby. 

 

• The failure of either party to enforce any term or condition of this Agreement shall 
not constitute a waiver of either party's right to enforce each and every term and 
condition of this Agreement. No breach under this agreement shall be deemed 
waived or excused by either party unless such waiver or consent is in writing signed 
by the party granting such waiver or consent. The waiver by or consent of a party 
to a breach of any provision of this Agreement shall not operate or be construed as 
a waiver of or consent to any other or subsequent breach by such other party. 

 

• This Agreement may not be assigned (including by operation of law or otherwise) 
by you without WILEY's prior written consent. 

 

• Any fee required for this permission shall be non-refundable after thirty (30) days 
from receipt by the CCC. 

 
• These terms and conditions together with CCC's Billing and Payment terms and 

conditions (which are incorporated herein) form the entire agreement between you 
and WILEY concerning this licensing transaction and (in the absence of fraud) 
supersedes all prior agreements and representations of the parties, oral or written. 
This Agreement may not be amended except in writing signed by both parties. This 
Agreement shall be binding upon and inure to the benefit of the parties' successors, 
legal representatives, and authorized assigns. 

 

• In the event of any conflict between your obligations established by these terms and 
conditions and those established by CCC's Billing and Payment terms and 
conditions, these terms and conditions shall prevail. 

 

• WILEY expressly reserves all rights not specifically granted in the combination of 
(i) the license details provided by you and accepted in the course of this licensing 
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment 
terms and conditions. 

 

• This Agreement will be void if the Type of Use, Format, Circulation, or Requestor 
Type was misrepresented during the licensing process. 

 
• This Agreement shall be governed by and construed in accordance with the laws of 

the State of New York, USA, without regards to such state's conflict of law rules. 
Any legal action, suit or proceeding arising out of or relating to these Terms and 
Conditions or the breach thereof shall be instituted in a court of competent 
jurisdiction in New York County in the State of New York in the United States of 
America and each party hereby consents and submits to the personal jurisdiction of 
such court, waives any objection to venue in such court and consents to service of 
process by registered or certified mail, return receipt requested, at the last known 
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address of such party. 

WILEY OPEN ACCESS TERMS AND CONDITIONS 
 
Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription 
journals offering Online Open. Although most of the fully Open Access journals publish 
open access articles under the terms of the Creative Commons Attribution (CC BY) 
License only, the subscription journals and a few of the Open Access Journals offer a 
choice of Creative Commons Licenses:: Creative Commons Attribution (CC-BY) license 
Creative Commons Attribution Non-Commercial (CC-BY-NC) license and Creative 
Commons Attribution Non-Commercial-NoDerivs (CC-BY-NC-ND) License. The license 
type is clearly identified on the article. 
 
Copyright in any research article in a journal published as Open Access under a Creative 
Commons License is retained by the author(s). Authors grant Wiley a license to publish the 
article and identify itself as the original publisher. Authors also grant any third party the 
right to use the article freely as long as its integrity is maintained and its original authors, 
citation details and publisher are identified as follows: [Title of Article/Author/Journal 
Title and Volume/Issue. Copyright (c) [year] [copyright owner as specified in the Journal]. 
Links to the final article on Wiley's website are encouraged where applicable. 

The Creative Commons Attribution License 
 
The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and 
transmit an article, adapt the article and make commercial use of the article. The CC-BY 
license permits commercial and non-commercial re-use of an open access article, as long as 
the author is properly attributed. 
 
The Creative Commons Attribution License does not affect the moral rights of authors, 
including without limitation the right not to have their work subjected to derogatory 
treatment. It also does not affect any other rights held by authors or third parties in the 
article, including without limitation the rights of privacy and publicity. Use of the article 
must not assert or imply, whether implicitly or explicitly, any connection with, endorsement 
or sponsorship of such use by the author, publisher or any other party associated with the 
article. 
 
For any reuse or distribution, users must include the copyright notice and make clear to 
others that the article is made available under a Creative Commons Attribution license, 
linking to the relevant Creative Commons web page. 
 
To the fullest extent permitted by applicable law, the article is made available as is and 
without representation or warranties of any kind whether express, implied, statutory or 
otherwise and including, without limitation, warranties of title, merchantability, fitness for a 
particular purpose, non-infringement, absence of defects, accuracy, or the presence or 
absence of errors. 
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Creative Commons Attribution Non-Commercial License 
 
The Creative Commons Attribution Non-Commercial (CC-BY-NC) License permits use, 
distribution and reproduction in any medium, provided the original work is properly cited 
and is not used for commercial purposes.(see below) 

Creative Commons Attribution-Non-Commercial-NoDerivs 
License 
 
The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-
ND) permits use, distribution and reproduction in any medium, provided the original work 
is properly cited, is not used for commercial purposes and no modifications or adaptations 
are made. (see below) 

 
Use by non-commercial users 
 
For non-commercial and non-promotional purposes, individual users may access, 
download, copy, display and redistribute to colleagues Wiley Open Access articles, as well 
as adapt, translate, text- and data-mine the content subject to the following conditions: 
 

The authors' moral rights are not compromised. These rights include the right of 
"paternity" (also known as "attribution" - the right for the author to be identified as 
such) and "integrity" (the right for the author not to have the work altered in such a 
way that the author's reputation or integrity may be impugned). 

 
Where content in the article is identified as belonging to a third party, it is the 
obligation of the user to ensure that any reuse complies with the copyright policies 
of the owner of that content. 

 
If article content is copied, downloaded or otherwise reused for non-commercial 
research and education purposes, a link to the appropriate bibliographic citation 
(authors, journal, article title, volume, issue, page numbers, DOI and the link to the 
definitive published version on Wiley Online Library) should be maintained. 
Copyright notices and disclaimers must not be deleted. 

 
Any translations, for which a prior translation agreement with Wiley has not been 
agreed, must prominently display the statement: "This is an unofficial translation of 
an article that appeared in a Wiley publication. The publisher has not endorsed this 
translation." 

Use by commercial "for-profit" organisations 
 
Use of Wiley Open Access articles for commercial, promotional, or marketing purposes 
requires further explicit permission from Wiley and will be subject to a fee. Commercial 
purposes include: 
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Copying or downloading of articles, or linking to such articles for further 
redistribution, sale or licensing; 

 
Copying, downloading or posting by a site or service that incorporates advertising 
with such content; 
 
The inclusion or incorporation of article content in other works or services (other 
than normal quotations with an appropriate citation) that is then available for sale 
or licensing, for a fee (for example, a compilation produced for marketing 
purposes, inclusion in a sales pack) 
 
Use of article content (other than normal quotations with appropriate citation) by 
for- profit organisations for promotional purposes 
 
Linking to article content in e-mails redistributed for promotional, marketing or 
educational purposes; 
 
Use for the purposes of monetary reward by means of sale, resale, licence, loan, 
transfer or other form of commercial exploitation such as marketing products 

 
Print reprints of Wiley Open Access articles can be purchased from: 
corporatesales@wiley.com 

 
Further details can be found on Wiley Online Library 
http://olabout.wiley.com/WileyCDA/Section/id-410895.html 
 
 

Other Terms and Conditions: 
v1.9 
 
Questions? customercare@cop yright.com or +1-855-239-3415 (toll free in the US) or +1-978-646-2777. 
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TERMS AND CONDITIONS 
 

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or 
one of its group companies (each a"Wiley Company") or handled on behalf of a society 
with which a Wiley Company has exclusive publishing rights in relation to a particular 
work (collectively "WILEY"). By clicking 'accept' in connection with completing this 
licensing transaction, you agree that the following terms and conditions apply to this 
transaction (along with the billing and payment terms and conditions established by the 
Copyright Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at 
the time that you opened your Rightslink account (these are available at any time at 
http://myaccount.copyright.com). 

Terms and Conditions 
 

The materials you have requested permission to reproduce or reuse (the "Wiley 
Materials") are protected by copyright. 

 
You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand- 
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley 
Materials for the purpose specified in the licensing process. This license is for a 
one- time use only and limited to any maximum distribution number specified in 
the license. The first instance of republication or reuse granted by this licence must 
be completed within two years of the date of the grant of this licence (although 
copies prepared before the end date may be distributed thereafter). The Wiley 
Materials shall not be used in any other manner or for any other purpose, beyond 
what is granted in the license. Permission is granted subject to an appropriate 
acknowledgement given to the author, title of the material/book/journal and the 
publisher. You shall also duplicate the copyright notice that appears in the Wiley 
publication in your use of the Wiley Material. Permission is also granted on the 
understanding that nowhere in the text is a previously published source 
acknowledged for all or part of this Wiley Material. Any third party content is 
expressly excluded from this permission. 

 
With respect to the Wiley Materials, all rights are reserved. Except as expressly 
granted by the terms of the license, no part of the Wiley Materials may be copied, 
modified, adapted (except for minor reformatting required by the new Publication), 
translated, reproduced, transferred or distributed, in any form or by any means, and 
no derivative works may be made based on the Wiley Materials without the prior 
permission of the respective copyright owner. You may not alter, remove or 
suppress in any manner any copyright, trademark or other notices displayed by the 
Wiley Materials. You may not license, rent, sell, loan, lease, pledge, offer as security, 
transfer or assign the Wiley Materials on a stand-alone basis, or any of the rights 
granted to you hereunder to any other person. 

 
The Wiley Materials and all of the intellectual property rights therein shall at all 
times remain the exclusive property of John Wiley & Sons Inc, the Wiley 
Companies, or their respective licensors, and your interest therein is only that of 
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having possession of and the right to reproduce the Wiley Materials pursuant to 
Section 2 herein during the continuance of this Agreement. You agree that you own 
no right, title or interest in or to the Wiley Materials or any of the intellectual 
property rights therein. You shall have no rights hereunder other than the license as 
provided for above in Section 2. No right, license or interest to any trademark, 
trade name, service mark or other branding ("Marks") of WILEY or its licensors is 
granted hereunder, and you agree that you shall not assert any such right, license or 
interest with respect thereto. 

 

• NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, 
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE 
MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED 
IN THE MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY 
IMPLIED WARRANTY OF MERCHANTABILITY, ACCURACY, 
SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR PURPOSE, 
USABILITY, INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH 
WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND ITS 
LICENSORS AND WAIVED BY YOU 

 

• WILEY shall have the right to terminate this Agreement immediately upon breach 
of this Agreement by you. 

 

• You shall indemnify, defend and hold harmless WILEY, its Licensors and their 
respective directors, officers, agents and employees, from and against any actual or 
threatened claims, demands, causes of action or proceedings arising from any 
breach of this Agreement by you. 

 

• IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU 
OR ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR 
ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, 
EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING 
OUT OF OR IN CONNECTION WITH THE DOWNLOADING, 
PROVISIONING, VIEWING OR USE OF THE MATERIALS REGARDLESS 
OF THE FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, 
BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR 
OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED 
ON LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR 
CLAIMS OF THIRD PARTIES), AND WHETHER OR NOT THE PARTY 
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. THIS 
LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE OF 
ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN. 

 

• Should any provision of this Agreement be held by a court of competent 
jurisdiction to be illegal, invalid, or unenforceable, that provision shall be deemed 
amended to achieve as nearly as possible the same economic effect as the original 
provision, and the legality, validity and enforceability of the remaining provisions of 
this Agreement shall not be affected or impaired thereby. 
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• The failure of either party to enforce any term or condition of this Agreement shall 
not constitute a waiver of either party's right to enforce each and every term and 
condition of this Agreement. No breach under this agreement shall be deemed 
waived or excused by either party unless such waiver or consent is in writing signed 
by the party granting such waiver or consent. The waiver by or consent of a party 
to a breach of any provision of this Agreement shall not operate or be construed as 
a waiver of or consent to any other or subsequent breach by such other party. 

 

• This Agreement may not be assigned (including by operation of law or otherwise) 
by you without WILEY's prior written consent. 

 

• Any fee required for this permission shall be non-refundable after thirty (30) days 
from receipt by the CCC. 

 
• These terms and conditions together with CCC's Billing and Payment terms and 

conditions (which are incorporated herein) form the entire agreement between you 
and WILEY concerning this licensing transaction and (in the absence of fraud) 
supersedes all prior agreements and representations of the parties, oral or written. 
This Agreement may not be amended except in writing signed by both parties. This 
Agreement shall be binding upon and inure to the benefit of the parties' successors, 
legal representatives, and authorized assigns. 

 

• In the event of any conflict between your obligations established by these terms and 
conditions and those established by CCC's Billing and Payment terms and 
conditions, these terms and conditions shall prevail. 

 

• WILEY expressly reserves all rights not specifically granted in the combination of 
(i) the license details provided by you and accepted in the course of this licensing 
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment 
terms and conditions. 

 

• This Agreement will be void if the Type of Use, Format, Circulation, or Requestor 
Type was misrepresented during the licensing process. 

 
• This Agreement shall be governed by and construed in accordance with the laws of 

the State of New York, USA, without regards to such state's conflict of law rules. 
Any legal action, suit or proceeding arising out of or relating to these Terms and 
Conditions or the breach thereof shall be instituted in a court of competent 
jurisdiction in New York County in the State of New York in the United States of 
America and each party hereby consents and submits to the personal jurisdiction of 
such court, waives any objection to venue in such court and consents to service of 
process by registered or certified mail, return receipt requested, at the last known 
address of such party. 
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WILEY OPEN ACCESS TERMS AND 
CONDITIONS 
 
Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription 
journals offering Online Open. Although most of the fully Open Access journals publish 
open access articles under the terms of the Creative Commons Attribution (CC BY) 
License only, the subscription journals and a few of the Open Access Journals offer a 
choice of Creative Commons Licenses:: Creative Commons Attribution (CC-BY) license 
Creative Commons Attribution Non-Commercial (CC-BY-NC) license and Creative 
Commons Attribution Non-Commercial-NoDerivs (CC-BY-NC-ND) License. The license 
type is clearly identified on the article. 
 
Copyright in any research article in a journal published as Open Access under a Creative 
Commons License is retained by the author(s). Authors grant Wiley a license to publish the 
article and identify itself as the original publisher. Authors also grant any third party the 
right to use the article freely as long as its integrity is maintained and its original authors, 
citation details and publisher are identified as follows: [Title of Article/Author/Journal 
Title and Volume/Issue. Copyright (c) [year] [copyright owner as specified in the Journal]. 
Links to the final article on Wiley's website are encouraged where applicable. 

The Creative Commons Attribution License 
 
The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and 
transmit an article, adapt the article and make commercial use of the article. The CC-BY 
license permits commercial and non-commercial re-use of an open access article, as long as 
the author is properly attributed. 
 
The Creative Commons Attribution License does not affect the moral rights of authors, 
including without limitation the right not to have their work subjected to derogatory 
treatment. It also does not affect any other rights held by authors or third parties in the 
article, including without limitation the rights of privacy and publicity. Use of the article 
must not assert or imply, whether implicitly or explicitly, any connection with, endorsement 
or sponsorship of such use by the author, publisher or any other party associated with the 
article. 
 
For any reuse or distribution, users must include the copyright notice and make clear to 
others that the article is made available under a Creative Commons Attribution license, 
linking to the relevant Creative Commons web page. 
 
To the fullest extent permitted by applicable law, the article is made available as is and 
without representation or warranties of any kind whether express, implied, statutory or 
otherwise and including, without limitation, warranties of title, merchantability, fitness for a 
particular purpose, non-infringement, absence of defects, accuracy, or the presence or 
absence of errors. 
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Creative Commons Attribution Non-Commercial License 
 
The Creative Commons Attribution Non-Commercial (CC-BY-NC) License permits use, 
distribution and reproduction in any medium, provided the original work is properly cited 
and is not used for commercial purposes.(see below) 

Creative Commons Attribution-Non-Commercial-NoDerivs 
License 
 
The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-
ND) permits use, distribution and reproduction in any medium, provided the original work 
is properly cited, is not used for commercial purposes and no modifications or adaptations 
are made. (see below) 

Use by non-commercial users 
 
For non-commercial and non-promotional purposes, individual users may access, 
download, copy, display and redistribute to colleagues Wiley Open Access articles, as well 
as adapt, translate, text- and data-mine the content subject to the following conditions: 
 

The authors' moral rights are not compromised. These rights include the right of 
"paternity" (also known as "attribution" - the right for the author to be identified as 
such) and "integrity" (the right for the author not to have the work altered in such a 
way that the author's reputation or integrity may be impugned). 

 
Where content in the article is identified as belonging to a third party, it is the 
obligation of the user to ensure that any reuse complies with the copyright policies 
of the owner of that content. 
 
If article content is copied, downloaded or otherwise reused for non-commercial 
research and education purposes, a link to the appropriate bibliographic citation 
(authors, journal, article title, volume, issue, page numbers, DOI and the link to the 
definitive published version on Wiley Online Library) should be maintained. 
Copyright notices and disclaimers must not be deleted. 
 
Any translations, for which a prior translation agreement with Wiley has not been 
agreed, must prominently display the statement: "This is an unofficial translation of 
an article that appeared in a Wiley publication. The publisher has not endorsed this 
translation." 

Use by commercial "for-profit" organisations 
 
Use of Wiley Open Access articles for commercial, promotional, or marketing purposes 
requires further explicit permission from Wiley and will be subject to a fee. Commercial 
purposes include: 
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Copying or downloading of articles, or linking to such articles for further 
redistribution, sale or licensing; 
 
Copying, downloading or posting by a site or service that incorporates advertising 
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other than a refund of the amount(s) paid by you to Elsevier and/or Copyright Clearance 
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LIMITED LICENSE 
 

The following terms and conditions apply only to specific license types: 
 
15. Translation: This permission is granted for non-exclusive world English rights only 
unless your license was granted for translation rights. If you licensed translation rights you 
may only translate this content into the languages you requested. A professional translator 
must perform all translations and reproduce the content word for word preserving the 
integrity of the article. If this license is to re-use 1 or 2 figures then permission is granted 
for non-exclusive world rights in all languages. 
 
16. Posting licensed content on any Website: The following terms and conditions 
apply as follows: Licensing material from an Elsevier journal: All content posted to the 
web site must maintain the copyright information line on the bottom of each image; A 
hyper-text must be included to the Homepage of the journal from which you are licensing 
at  http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for 
books at  http://www.elsevier.com; Central Storage: This license does not include 
permission for a scanned version of the material to be stored in a central repository such 
as that provided by Heron/XanEdu. 
Licensing material from an Elsevier book: A hyper-text link must be included to the 
Elsevier homepage at http://www.elsevier.com . All content posted to the web site must 
maintain the copyright information line on the bottom of each image. 
 
Posting licensed content on Electronic reserve: In addition to the above the following 
clauses are applicable: The web site must be password-protected and made available only 
to bona fide students registered on a relevant course. This permission is granted for 1 year 
only. You may obtain a new license for future website posting. 
 
17. For journal authors: the following clauses are applicable in addition to the above: 

Preprints: 
 
A preprint is an author's own write-up of research results and analysis, it has not been peer- 
reviewed, nor has it had any other value added to it by a publisher (such as formatting, 
copyright, technical enhancement etc.). 
 
Authors can share their preprints anywhere at any time. Preprints should not be added to 
or enhanced in any way in order to appear more like, or to substitute for, the final versions 
of articles however authors can update their preprints on arXiv or RePEc with their 
Accepted Author Manuscript (see below). 
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If accepted for publication, we encourage authors to link from the preprint to their formal 
publication via its DOI. Millions of researchers have access to the formal publications on 
ScienceDirect, and so links will help users to find, access, cite and use the best available 
version. Please note that Cell Press, The Lancet and some society-owned have different 
preprint policies. Information on these policies is available on the journal homepage. 
 
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an 
article that has been accepted for publication and which typically includes author- 
incorporated changes suggested during submission, peer review and editor-author 
communications. 
 
Authors can share their accepted author manuscript: 

- immediately 

• via their non-commercial person homepage or blog 

• by updating a preprint in arXiv or RePEc with the accepted manuscript 

• via their research institute or institutional repository for internal 
institutional uses or as part of an invitation-only research collaboration 
work-group 

• directly by providing copies to their students or to research collaborators 
for their personal use 

• for private scholarly sharing as part of an invitation-only work group on 
commercial sites with which Elsevier has an agreement 

- after the embargo period 

• via non-commercial hosting platforms such as their institutional 
repository 

• via commercial sites with which Elsevier has an agreement  

In all cases accepted manuscripts should: 

- link to the formal publication via its DOI 

- bear a CC-BY-NC-ND license - this is easy to do 

- if aggregated with other manuscripts, for example in a repository or other site, be 
shared in alignment with our hosting policy not be added to or enhanced in any way to 
appear more like, or to substitute for, the published journal article. 
 
Published journal article (JPA): A published journal article (PJA) is the definitive final 
record of published research that appears or will appear in the journal and embodies all 
value-adding publishing activities including peer review co-ordination, copy-editing, 
formatting, (if relevant) pagination and online enrichment. 
 
Policies for sharing publishing journal articles differ for subscription and gold open access 
articles: 
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Subscription Articles: If you are an author, please share a link to your article rather than 
the full-text. Millions of researchers have access to the formal publications on 
ScienceDirect, and so links will help your users to find, access, cite, and use the best 
available version. 
 
Theses and dissertations, which contain embedded PJAs as part of the formal submission 
can be posted publicly by the awarding institution with DOI links back to the formal 
publications on ScienceDirect. 
 
If you are affiliated with a library that subscribes to ScienceDirect you have additional 
private sharing rights for others' research accessed under that agreement. This includes use 
for classroom teaching and internal training at the institution (including use in course packs 
and courseware programs), and inclusion of the article for grant funding purposes. 
 
Gold Open Access Articles: May be shared according to the author-selected end-user 
license and should contain a CrossMark logo, the end user license, and a DOI link to the 
formal publication on ScienceDirect. 
 
Please refer to Elsevier's posting policy for further information. 
 
18. For book authors the following clauses are applicable in addition to the above:  
Authors are permitted to place a brief summary of their work online only. You are not 
allowed to download and post the published electronic version of your chapter, nor may 
you scan the printed edition to create an electronic version. Posting to a repository: 
Authors are permitted to post a summary of their chapter only in their institution's 
repository. 
 
19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis 
may be submitted to your institution in either print or electronic form. Should your thesis 
be published commercially, please reapply for permission. These requirements include 
permission for the Library and Archives of Canada to supply single copies, on demand, of 
the complete thesis and include permission for Proquest/UMI to supply single copies, on 
demand, of the complete thesis. Should your thesis be published commercially, please 
reapply for permission. Theses and dissertations, which contain embedded PJAs as part of 
the formal submission can be posted publicly by the awarding institution with DOI links 
back to the formal publications on ScienceDirect. 
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You can publish open access with Elsevier in hundreds of open access journals or in 
nearly 2000 established subscription journals that support open access publishing. 
Permitted third party re-use of these open access articles is defined by the author's choice 
of Creative Commons user license. See our open access license policy for more 
information. 



Rightslink  Printable  License  

 

 

 		

Terms & Conditions applicable to all Open Access articles 
published with Elsevier: 
 
Any reuse of the article must not represent the author as endorsing the adaptation of the 
article nor should the article be modified in such a way as to damage the author's honour 
or reputation. If any changes have been made, such changes must be clearly indicated. 
 
The author(s) must be appropriately credited and we ask that you include the end user 
license and a DOI link to the formal publication on ScienceDirect. 
 
If any part of the material to be used (for example, figures) has appeared in our 
publication with credit or acknowledgement to another source it is the responsibility of 
the user to ensure their reuse complies with the terms and conditions determined by the 
rights holder. 

Additional Terms & Conditions applicable to each Creative 
Commons user license: 
 
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new 
works from the Article, to alter and revise the Article and to make commercial use of the 
Article (including reuse and/or resale of the Article by commercial entities), provided the 
user gives appropriate credit (with a link to the formal publication through the relevant 
DOI), provides a link to the license, indicates if changes were made and the licensor is not 
represented as endorsing the use made of the work. The full details of the license are 
available at http://creativecommons.org/licenses/by/4.0. 
 
CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts, 
abstracts and new works from the Article, to alter and revise the Article, provided this is 
not done for commercial purposes, and that the user gives appropriate credit (with a link 
to the formal publication through the relevant DOI), provides a link to the license, 
indicates if changes were made and the licensor is not represented as endorsing the use 
made of the work. Further, any new works must be made available on the same 
conditions. The full details of the license are available at 
http://creativecommons.org/licenses/by-nc-sa/4.0. 
 
CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the 
Article, provided this is not done for commercial purposes and further does not permit 
distribution of the Article if it is changed or edited in any way, and provided the user gives 
appropriate credit (with a link to the formal publication through the relevant DOI), 
provides a link to the license, and that the licensor is not represented as endorsing the use 
made of the work. The full details of the license are available at 
http://creativecommons.org/licenses/by-nc-nd/4.0. Any commercial reuse of Open 
Access articles published with a CC BY NC SA or CC BY NC ND license requires 
permission from Elsevier and will be subject to a fee. 
 
Commercial reuse includes: 
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- Charging fees for document delivery or access 

- Article aggregation 

- Systematic distribution via e-mail lists or share buttons 

Posting or linking by commercial companies for use by customers of those companies. 
 
20. Other Conditions: 
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Terms and Conditions 

INTRODUCTION 
 
1. The publisher for this copyrighted material is Elsevier.  By clicking "accept" in 
connection with completing this licensing transaction, you agree that the following terms and 
conditions apply to this transaction (along with the Billing and Payment terms and conditions 
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your 
Rightslink account and that are available at any time at http://myaccount.copyright.com). 
 

GENERAL TERMS 
 
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject 
to the terms and conditions indicated. 
 
3. Acknowledgement: If any part of the material to be used (for example, figures) has 
appeared in our publication with credit or acknowledgement to another source, permission 
must also be sought from that source.  If such permission is not obtained then that material 
may not be included in your publication/copies. Suitable acknowledgement to the source must 
be made, either as a footnote or in a reference list at the end of your publication, as follows: 
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chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE 
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The 
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with permission 
from Elsevier." 
 
4. Reproduction of this material is confined to the purpose and/or media for which 
permission is hereby given. 
 
5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be 
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and/or any other alterations shall be made only with prior written authorization of Elsevier 
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7. Reservation of Rights: Publisher reserves all rights not specifically granted in the 
combination of (i) the license details provided by you and accepted in the course of this 
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms 
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publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions.  If full 
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11. No Transfer of License: This license is personal to you and may not be sublicensed, 
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terms are inconsistent with these terms and conditions or CCC's Billing and Payment terms 
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described in this License at their sole discretion, for any reason or no reason, with a full refund 
payable to you.  Notice of such denial will be made using the contact information provided by 
you. Failure to receive such notice will not alter or invalidate the denial.  In no event will 
Elsevier or Copyright Clearance Center be responsible or liable for any costs, expenses or 
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integrity of the article. If this license is to re-use 1 or 2 figures then permission is granted for 
non-exclusive world rights in all languages. 
 
2. Posting licensed content on any Website: The following terms and conditions apply 
as follows: Licensing material from an Elsevier journal: All content posted to the web site 
must maintain the copyright information line on the bottom of each image; A hyper-text must 
be included to the Homepage of the journal from which you are licensing at  
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http://www.elsevier.com; Central Storage: This license does not include permission for a 
scanned version of the material to be stored in a central repository such as that provided by 
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Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier 
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copyright information line on the bottom of each image. 
 
Posting licensed content on Electronic reserve: In addition to the above the following 
clauses are applicable: The web site must be password-protected and made available only to 
bona fide students registered on a relevant course. This permission is granted for 1 year only. 
You may obtain a new license for future website posting. 
 
3. For journal authors: the following clauses are applicable in addition to the above: 

Preprints: 
 

A preprint is an author's own write-up of research results and analysis, it has not been 
peer- reviewed, nor has it had any other value added to it by a publisher (such as 
formatting, copyright, technical enhancement etc.). 

 
Authors can share their preprints anywhere at any time. Preprints should not be added 
to or enhanced in any way in order to appear more like, or to substitute for, the final 
versions of articles however authors can update their preprints on arXiv or RePEc 
with their Accepted Author Manuscript (see below). 

 
If accepted for publication, we encourage authors to link from the preprint to their 
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formal publication via its DOI. Millions of researchers have access to the formal 
publications on ScienceDirect, and so links will help users to find, access, cite and use 
the best available version. Please note that Cell Press, The Lancet and some society-
owned have different preprint policies. Information on these policies is available on 
the journal homepage. 

 
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an 
article that has been accepted for publication and which typically includes author- 
incorporated changes suggested during submission, peer review and editor-author 
communications. 
 
Authors can share their accepted author manuscript: 

- immediately 
 

via their non-commercial person homepage or blog 
 

by updating a preprint in arXiv or RePEc with the accepted manuscript 
 

via their research institute or institutional repository for internal institutional uses or as 
part of an invitation-only research collaboration work-group 
 

directly by providing copies to their students or to research collaborators for their 
personal use 
 

for private scholarly sharing as part of an invitation-only work group on commercial 
sites with which Elsevier has an agreement 

- after the embargo period 
 

via non-commercial hosting platforms such as their institutional repository 
 

via commercial sites with which Elsevier has an agreement  

In all cases accepted manuscripts should: 

- link to the formal publication via its DOI 

- bear a CC-BY-NC-ND license - this is easy to do 

- if aggregated with other manuscripts, for example in a repository or other site, be shared in 
alignment with our hosting policy not be added to or enhanced in any way to appear more 
like, or to substitute for, the published journal article. 
 
Published journal article (JPA): A published journal article (PJA) is the definitive final 
record of published research that appears or will appear in the journal and embodies all value-
adding publishing activities including peer review co-ordination, copy-editing, formatting, (if 
relevant) pagination and online enrichment. 
 
Policies for sharing publishing journal articles differ for subscription and gold open access 
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Subscription Articles: If you are an author, please share a link to your article rather than the 
full-text. Millions of researchers have access to the formal publications on ScienceDirect, and 
so links will help your users to find, access, cite, and use the best available version. 
 
Theses and dissertations, which contain embedded PJAs as part of the formal submission can 
be posted publicly by the awarding institution with DOI links back to the formal publications 
on ScienceDirect. 
 
If you are affiliated with a library that subscribes to ScienceDirect you have additional private 
sharing rights for others' research accessed under that agreement. This includes use for 
classroom teaching and internal training at the institution (including use in course packs and 
courseware programs), and inclusion of the article for grant funding purposes. 
 
Gold Open Access Articles: May be shared according to the author-selected end-user license 
and should contain a CrossMark logo, the end user license, and a DOI link to the formal 
publication on ScienceDirect. 
 
Please refer to Elsevier's posting policy for further information. 
 
4. For book authors the following clauses are applicable in addition to the above:  
Authors are permitted to place a brief summary of their work online only. You are not allowed 
to download and post the published electronic version of your chapter, nor may you 
scan the printed edition to create an electronic version. Posting to a repository: Authors are 
permitted to post a summary of their chapter only in their institution's repository. 
 
5. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may 
be submitted to your institution in either print or electronic form. Should your thesis be 
published commercially, please reapply for permission. These requirements include permission 
for the Library and Archives of Canada to supply single copies, on demand, of the complete 
thesis and include permission for Proquest/UMI to supply single copies, on demand, of the 
complete thesis. Should your thesis be published commercially, please reapply for permission. 
Theses and dissertations, which contain embedded PJAs as part of the formal submission can 
be posted publicly by the awarding institution with DOI links back to the formal publications 
on ScienceDirect. 

Elsevier Open Access Terms and Conditions 
 

You can publish open access with Elsevier in hundreds of open access journals or in nearly 
2000 established subscription journals that support open access publishing. Permitted third 
party re-use of these open access articles is defined by the author's choice of Creative 
Commons user license. See our open access license policy for more information. 
 



Rightslink  Printable  License 10/09/15  10:39  am 

 

	

	

Terms & Conditions applicable to all Open Access articles 
published with Elsevier: 
 
Any reuse of the article must not represent the author as endorsing the adaptation of the 
article nor should the article be modified in such a way as to damage the author's honour or 
reputation. If any changes have been made, such changes must be clearly indicated. 
 
The author(s) must be appropriately credited and we ask that you include the end user license 
and a DOI link to the formal publication on ScienceDirect. 
 
If any part of the material to be used (for example, figures) has appeared in our publication 
with credit or acknowledgement to another source it is the responsibility of the user to ensure 
their reuse complies with the terms and conditions determined by the rights holder. 

Additional Terms & Conditions applicable to each Creative 
Commons user license: 
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new works 
from the Article, to alter and revise the Article and to make commercial use of the Article 
(including reuse and/or resale of the Article by commercial entities), provided the user gives 
appropriate credit (with a link to the formal publication through the relevant DOI), provides a 
link to the license, indicates if changes were made and the licensor is not represented as 
endorsing the use made of the work. The full details of the license are available at 
http://creativecommons.org/licenses/by/4.0. 
 
CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts, abstracts 
and new works from the Article, to alter and revise the Article, provided this is not done for 
commercial purposes, and that the user gives appropriate credit (with a link to the formal 
publication through the relevant DOI), provides a link to the license, indicates if changes were 
made and the licensor is not represented as endorsing the use made of the work. Further, any 
new works must be made available on the same conditions. The full details of the license are 
available at http://creativecommons.org/licenses/by-nc-sa/4.0. 
 
CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article, 
provided this is not done for commercial purposes and further does not permit distribution of 
the Article if it is changed or edited in any way, and provided the user gives appropriate credit 
(with a link to the formal publication through the relevant DOI), provides a link to the license, 
and that the licensor is not represented as endorsing the use made of the work. The full details 
of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0. Any 
commercial reuse of Open Access articles published with a CC BY NC SA or CC BY NC ND 
license requires permission from Elsevier and will be subject to a fee. 
 
Commercial reuse includes: 

- Associating advertising with the full text of the Article 

- Charging fees for document delivery or access 



Rightslink  Printable  License 10/09/15  10:39  am 

 

	

	

- Article aggregation 

- Systematic distribution via e-mail lists or share buttons 

Posting or linking by commercial companies for use by customers of those companies. 
 
6. Other Conditions: 

v1.7 

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or +1-978-646-2777.



Rightslink  Printable  License  

 

	

	

SPRINGER LICENSE 
TERMS AND CONDITIONS 

 

 
 
 

Aug 09, 2015
 
 
 

This is a License Agreement between Kenneth J Olejar ("You") and Springer 
("Springer") provided by Copyright Clearance Center ("CCC"). The license consists of 
your order details, the terms and conditions provided by Springer, and the payment 
terms and conditions. 
 

All payments must be made in full to CCC. For payment instructions, please see 
information listed at the bottom of this form. 

 

 
License Number 3685070700866 

License date Aug 09, 2015  

Licensed content publisher Springer  

Licensed content publication  Cellulose 

Licensed content title Superior antioxidant polymer films created through the incorporation of 
grape tannins in ethyl cellulose  

Licensed content author Kenneth J. Olejar 

Licensed content date Jan 1, 2014 

Volume number  21 

Issue number  6 

Type of Use Thesis/Dissertation 

Portion Full text 

Number of copies  5 

Author of this 
Springer article 

Yes and you are the sole author of the new work 

Order reference number None 

Title of your thesis / 
dissertation 

Grape Phenolic Compounds and Bioactivity: Modification of Maceration  

Techniques for Wine, Agro-waste Extraction and Active Polymers 

Expected 

completion date Dec 2015  

Estimated size (pages)  264 

Total 0.00 USD 

Terms and Conditions 
 
 

Introduction 
The publisher for this copyrighted material is Springer Science + Business Media. By 
clicking "accept" in connection with completing this licensing transaction, you agree that 
the following terms and conditions apply to this transaction (along with the Billing and 
Payment terms and conditions established by Copyright Clearance Center, Inc. ("CCC"), at 



Rightslink  Printable  License  

 

	

	

the time that you opened your Rightslink account and that are available at any time at 
http://myaccount.copyright.com). 
 
 
Limited License 
With reference to your request to reprint in your thesis material on which Springer Science 
and Business Media control the copyright, permission is granted, free of charge, for the use 
indicated in your enquiry. 
 
Licenses are for one-time use only with a maximum distribution equal to the number that 
you identified in the licensing process. 
 
This License includes use in an electronic form, provided its password protected or on the 
university’s intranet or repository, including UMI (according to the definition at the Sherpa 
website: http://www.sherpa.ac.uk/romeo/). For any other electronic use, please contact 
Springer at (permissions.dordrecht@springer.com or 
permissions.heidelberg@springer.com). 
 
The material can only be used for the purpose of defending your thesis limited to 
university- use only. If the thesis is going to be published, permission needs to be re-
obtained (selecting "book/textbook" as the type of use). 
 
Although Springer holds copyright to the material and is entitled to negotiate on rights, this 
license is only valid, subject to a courtesy information to the author (address is given with 
the article/chapter) and provided it concerns original material which does not carry 
references to other sources (if material in question appears with credit to another source, 
authorization from that source is required as well). 
 
Permission free of charge on this occasion does not prejudice any rights we might have to 
charge for reproduction of our copyrighted material in the future. 
 
Altering/Modifying Material: Not Permitted 
You may not alter or modify the material in any manner. Abbreviations, additions, 
deletions and/or any other alterations shall be made only with prior written authorization 
of the author(s) and/or Springer Science + Business Media. (Please contact Springer at 
(permissions.dordrecht@springer.com or  permissions.heidelberg@springer.com) 
 
Reservation of Rights 
Springer Science + Business Media reserves all rights not specifically granted in the 
combination of (i) the license details provided by you and accepted in the course of this 
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment 
terms and conditions. 
 
Copyright Notice: Disclaimer 
You must include the following copyright and permission notice in connection with any 
reproduction of the licensed material: "Springer and the original publisher /journal title, 
volume, year of publication, page, chapter/article title, name(s) of author(s), figure 
number(s), original copyright notice) is given to the publication in which the material was 



Rightslink  Printable  License  

 

	

	

originally published, by adding; with kind permission from Springer Science and Business 
Media" 
 
Warranties: None 
 
Example 1: Springer Science + Business Media makes no representations or warranties 
with respect to the licensed material. 
 
Example 2: Springer Science + Business Media makes no representations or warranties 
with respect to the licensed material and adopts on its own behalf the limitations and 
disclaimers established by CCC on its behalf in its Billing and Payment terms and 
conditions for this licensing transaction. 
 
Indemnity 
You hereby indemnify and agree to hold harmless Springer Science + Business Media and 
CCC, and their respective officers, directors, employees and agents, from and against any 
and all claims arising out of your use of the licensed material other than as specifically 
authorized pursuant to this license. 
 
No Transfer of License 
This license is personal to you and may not be sublicensed, assigned, or transferred by you 
to any other person without Springer Science + Business Media's written permission. 
 
No Amendment Except in Writing 
This license may not be amended except in a writing signed by both parties (or, in the case 
of Springer Science + Business Media, by CCC on Springer Science + Business Media's 
behalf). 
 
Objection to Contrary Terms 
Springer Science + Business Media hereby objects to any terms contained in any purchase 
order, acknowledgment, check endorsement or other writing prepared by you, which terms 
are inconsistent with these terms and conditions or CCC's Billing and Payment terms and 
conditions. These terms and conditions, together with CCC's Billing and Payment terms 
and conditions (which are incorporated herein), comprise the entire agreement between 
you and Springer Science + Business Media (and CCC) concerning this licensing 
transaction. In the event of any conflict between your obligations established by these 
terms and conditions and those established by CCC's Billing and Payment terms and 
conditions, these terms and conditions shall control. 
 
Jurisdiction 
All disputes that may arise in connection with this present License, or the breach thereof, 
shall be settled exclusively by arbitration, to be held in The Netherlands, in accordance 
with Dutch law, and to be conducted under the Rules of the 'Netherlands Arbitrage 
Instituut' (Netherlands Institute of Arbitration).OR:  
 



Rightslink  Printable  License  

 

	

	

All disputes that may arise in connection with this present License, or the breach 
thereof, shall be settled exclusively by arbitration, to be held in the Federal Republic of 
Germany, in accordance with German law. 

Other terms and conditions: v1.3 

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or +1-978-646-2777. 
  



Rightslink  Printable  License 23/10/15  8:47  am 

 

	

	

JOHN WILEY AND SONS LICENSE  
TERMS AND CONDITIONS 

 

 
 
 

Oct 22, 2015 
 
 
 

This Agreement between Kenneth J Olejar ("You") and John Wiley and Sons ("John Wiley 
and Sons") consists of your license details and the terms and conditions provided by John 
Wiley and Sons and Copyright Clearance Center. 
 
License Number 3734370799317 

License date Oct 22, 2015  

Licensed Content Publisher John Wiley and Sons 

Licensed Content Publication    Journal of The Science of Food and Agriculture 

Licensed Content Title Enhanced antioxidant activity of polyolefin films integrated with grape tannins 

Licensed Content Author Kenneth J Olejar, Sudip Ray, Paul A Kilmartin  

Licensed Content Date Oct 1, 2015 

Pages  1 

Type of use Dissertation/Thesis 

Requestor type Author of this Wiley article 

Format Print and electronic 

Portion Full article 

Will you be translating? No 

Title of your thesis / 
dissertation 

Grape Phenolic Compounds and Bioactivity: Modification of Maceration  

Techniques for Wine, Agro-waste Extraction and Active Polymers 

Expected completion date Dec 2015 

Expected size 
(number of pages) 

264 

Requestor Location Kenneth J Olejar 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Rightslink  Printable  License 23/10/15  8:47  am 

 

	

	

TERMS AND CONDITION 
This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or 
one of its group companies (each a "Wiley Company") or handled on behalf of a society 
with which a Wiley Company has exclusive publishing rights in relation to a particular 
work (collectively "WILEY"). By clicking "accept" in connection with completing this 
licensing transaction, you agree that the following terms and conditions apply to this 
transaction (along with the billing and payment terms and conditions established by the 
Copyright Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at 
the time that you opened your RightsLink account (these are available at any time at 
http://myaccount.copyright.com). 

Terms and Conditions 
 

The materials you have requested permission to reproduce or reuse (the "Wiley 
Materials") are protected by copyright. 

 
You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand- 
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley 
Materials for the purpose specified in the licensing process. This license, and any 
CONTENT (PDF or image file) purchased as part of your order, is for a 
one-time use only and limited to any maximum distribution number specified in 
the license. The first instance of republication or reuse granted by this license 
must be completed within two years of the date of the grant of this license 
(although copies prepared before the end date may be distributed thereafter). The 
Wiley Materials shall not be used in any other manner or for any other purpose, 
beyond what is granted in the license. Permission is granted subject to an 
appropriate acknowledgement given to the author, title of the 
material/book/journal and the publisher. You shall also duplicate the copyright 
notice that appears in the Wiley publication in your use of the Wiley Material. 
Permission is also granted on the understanding that nowhere in the text is a 
previously published source acknowledged for all or part of this Wiley Material. 
Any third party content is expressly excluded from this permission. 

 
With respect to the Wiley Materials, all rights are reserved. Except as expressly 
granted by the terms of the license, no part of the Wiley Materials may be copied, 
modified, adapted (except for minor reformatting required by the new 
Publication), translated, reproduced, transferred or distributed, in any form or by 
any means, and no derivative works may be made based on the Wiley Materials 
without the prior permission of the respective copyright owner. For STM 
Signatory Publishers clearing permission under the terms of the STM 
Permissions Guidelines only, the terms of the license are extended to 
include subsequent editions and for editions in other languages, provided 
such editions are for the work as a whole in situ and does not involve the 
separate exploitation of the permitted figures or extracts, You may not alter, 
remove or suppress in any manner any copyright, trademark or other notices 
displayed by the Wiley Materials. You may not license, rent, sell, loan, lease, 
pledge, offer as security, transfer or assign the Wiley Materials on a stand-alone 
basis, or any of the rights granted to you hereunder to any other person. 



Rightslink  Printable  License 23/10/15  8:47  am 

 

	

	

 
The Wiley Materials and all of the intellectual property rights therein shall at all 
times remain the exclusive property of John Wiley & Sons Inc, the Wiley 
Companies, or their respective licensors, and your interest therein is only that of 
having possession of and the right to reproduce the Wiley Materials pursuant to 
Section 2 herein during the continuance of this Agreement. You agree that you 
own no right, title or interest in or to the Wiley Materials or any of the intellectual 
property rights therein. You shall have no rights hereunder other than the license 
as provided for above in Section 2. No right, license or interest to any trademark, 
trade name, service mark or other branding ("Marks") of WILEY or its licensors 
is granted hereunder, and you agree that you shall not assert any such right, 
license or interest with respect thereto 

 
NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, 
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE 
MATERIALS OR THE ACCURACY OF ANY INFORMATION 
CONTAINED IN THE MATERIALS, INCLUDING, WITHOUT 
LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY, 
ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR 
PURPOSE, USABILITY, INTEGRATION OR NON-INFRINGEMENT AND 
ALL SUCH WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND 
ITS LICENSORS AND WAIVED BY YOU. 

 
WILEY shall have the right to terminate this Agreement immediately upon 
breach of this Agreement by you. 

 
You shall indemnify, defend and hold harmless WILEY, its Licensors and their 
respective directors, officers, agents and employees, from and against any actual 
or threatened claims, demands, causes of action or proceedings arising from any 
breach of this Agreement by you. 

 
IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU 
OR ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR 
ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, 
EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING 
OUT OF OR IN CONNECTION WITH THE DOWNLOADING, 
PROVISIONING, VIEWING OR USE OF THE MATERIALS 
REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH 
OF CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, 
INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT 
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, 
USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND 
WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE 
POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY 
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF 
ANY LIMITED REMEDY PROVIDED HEREIN. 

 
Should any provision of this Agreement be held by a court of competent 



Rightslink  Printable  License 23/10/15  8:47  am 

 

	

	

jurisdiction to be illegal, invalid, or unenforceable, that provision shall be deemed 
amended to achieve as nearly as possible the same economic effect as the original 
provision, and the legality, validity and enforceability of the remaining provisions 
of this Agreement shall not be affected or impaired thereby. 

 
The failure of either party to enforce any term or condition of this Agreement 
shall not constitute a waiver of either party's right to enforce each and every term 
and condition of this Agreement. No breach under this agreement shall be 
deemed waived or excused by either party unless such waiver or consent is in 
writing signed by the party granting such waiver or consent. The waiver by or 
consent of a party to a breach of any provision of this Agreement shall not 
operate or be construed as a waiver of or consent to any other or subsequent 
breach by such other party. 

 
This Agreement may not be assigned (including by operation of law or otherwise) 
by you without WILEY's prior written consent. 

 
Any fee required for this permission shall be non-refundable after thirty (30) days 
from receipt by the CCC. 

 
These terms and conditions together with CCC's Billing and Payment terms and 
conditions (which are incorporated herein) form the entire agreement between 
you and WILEY concerning this licensing transaction and (in the absence of 
fraud) supersedes all prior agreements and representations of the parties, oral or 
written. This Agreement may not be amended except in writing signed by both 
parties. This Agreement shall be binding upon and inure to the benefit of the 
parties' successors, legal representatives, and authorized assigns. 

 
In the event of any conflict between your obligations established by these terms 
and conditions and those established by CCC's Billing and Payment terms and 
conditions, these terms and conditions shall prevail. 

 
WILEY expressly reserves all rights not specifically granted in the combination of 
(i) the license details provided by you and accepted in the course of this licensing 
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment 
terms and conditions. 

 
This Agreement will be void if the Type of Use, Format, Circulation, or 
Requestor Type was misrepresented during the licensing process. 

 
This Agreement shall be governed by and construed in accordance with the laws 
of the State of New York, USA, without regards to such state's conflict of law 
rules. Any legal action, suit or proceeding arising out of or relating to these Terms 
and Conditions or the breach thereof shall be instituted in a court of competent 
jurisdiction in New York County in the State of New York in the United States of 
America and each party hereby consents and submits to the personal jurisdiction 
of such court, waives any objection to venue in such court and consents to 
service of process by registered or certified mail, return receipt requested, at the 
last known address of such party. 



Rightslink  Printable  License 23/10/15  8:47  am 

 

	

	

WILEY OPEN ACCESS TERMS AND CONDITIONS 
Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription 
journals offering Online Open. Although most of the fully Open Access journals publish 
open access articles under the terms of the Creative Commons Attribution (CC BY) 
License only, the subscription journals and a few of the Open Access Journals offer a 
choice of Creative Commons Licenses. The license type is clearly identified on the article. 
The Creative Commons Attribution License 
The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and 
transmit an article, adapt the article and make commercial use of the article. The CC-BY 
license permits commercial and non- 
Creative Commons Attribution Non-Commercial License 
The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use, 
distribution and reproduction in any medium, provided the original work is properly cited 
and is not used for commercial purposes.(see below) 

Creative Commons Attribution-Non-Commercial-NoDerivs 
License  
The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-
ND) permits use, distribution and reproduction in any medium, provided the original work 
is properly cited, is not used for commercial purposes and no modifications or adaptations 
are made. (see below) 
Use by commercial "for-profit" organizations 
Use of Wiley Open Access articles for commercial, promotional, or marketing purposes 
requires further explicit permission from Wiley and will be subject to a fee. 
Further details can be found on Wiley Online Library  
http://olabout.wiley.com/WileyCDA/Section/id-410895.html 
 

Other Terms and Conditions: 
v1.10 Last updated September 2015 
Questions? customercare@cop yright.com or +1-855-239-3415 (toll free in the US) or +1-978-646-277



 

 		



 

 		



 

 		



 

 		



 

 		



 

 		



 

 		



 

 		



 

 		



Introduction 

1 		

CHAPTER 1.  INTRODUCTION 
 

1.1. SAUVIGNON BLANC 

Bordeaux and the Loire Valley of France are the home of one of the noble white 

cultivars of Vitis Viniferia, Sauvignon blanc (Pinder and Meredith 2002). Sauvignon blanc 

has become one of the most widely planted white varietals in the world, with cultivars 

being found in Europe, North and South America, Africa, Australia, and New Zealand.  

The most distinguished, aside from the French, are the vineyards of New Zealand.  

Sauvignon blanc makes up over fifty percent of the New Zealand plantings, (Figure 

1.1.1), and wines from the Marlborough region are notable for their distinct pungent, 

tropical fruit, and herbaceous aromas and flavors (New Zealand Winegrowers 2015). 

 

Figure 1.1.1. 2015 Vintage Percentage of Harvest by Varietal in New Zealand  
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Sauvignon blanc grows in modest clusters with small thin skinned berries.  The fruit is 

susceptible to powdery mildew and black rot as a result of the denseness of the clusters.  

The varietal possesses partial resistance to bunch rot and downy mildew (Jackson and 

Jackson 1997; Jackson 2008).  The vines are aggressive, and as a result can produce an 

extremely herbaceous wine due to the berries not being able to ripen (CTPS 1997; 

Jackson and Jackson 1997).  The vines do best in moderately fertile soil with free 

drainage, which helps manage vine growth and reduce the amount of leaf and cluster 

thinning required to produce quality fruit.   

 

The varietal is marked by aromas described as: grassy, herbaceous, musky, green fruits, 

nettles, and tomcat (Robinson 1999). The herbaceous aroma is a characteristic of the 

cooler climate regions, while this component is lacking in wines from moderate 

temperature regions.  The wines are typically fermented to dryness and are highly acidic 

with a medium body (WSET 2005).   

 

1.2. SIGNIFICANCE OF SAUVIGNON BLANC IN NEW ZEALAND 

New Zealand Sauvignon blanc has become an industry standard for the varietal.  As a 

result there has been an extensive increase in demand internationally.  The year 2012 saw 

a sixteen percent increase in the volume exported.  The increase fell to 2.9% for year 

2013, 9.7% for 2014 and 7% for 2015. These increases have propelled New Zealand to 

be the 11th ranked wine exporting nation, despite accounting for less than one percent of 

the total global production of wine. Wine exports have followed a trend of increasing 

worth from 2003 through 2015, (Figure 1.2.1) (New Zealand Winegrowers 2013, 2015).  

Consequently, the influence of wine exports on the total gross domestic product (GDP) 

has created an increased reliance on vintages, and the trend does not appear to be 
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changing.  With this increase, wine has become the sixth most valuable export sector for 

New Zealand (New Zealand Winegrowers 2015). 

 
Figure 1.2.1.  Wine exports in billions of NZ$ 

	 

In New Zealand the main regions producing Sauvignon blanc are the Hawke’s Bay, 

Wairarapa and Marlborough.  Marlborough has become the signature region for New 

Zealand Sauvignon blanc and was the region to first introduce the New Zealand 

interpretation on the varietal.  The initial plantings of Sauvignon blanc in Marlborough 

occurred in 1973, with the majority of the plantings on the Wairau River flood plain 

(Perry and Norrie 1991). The area has the preferred soil to limit excessive growth plus 

the added benefit of the rocky soil being able to store heat, which is then released during 

the night, thus extending the amount of time during which the grapes are exposed to 

favorable ripening temperatures. 
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Lund et al. (2009b) utilized a trained sensory panel to evaluate wines from three New 

Zealand regions and five Sauvignon blanc producing countries.  The panel established 

the characteristics of the wines, and confirmed the distinctness of Marlborough 

Sauvignon blanc (Lund et al. 2009b). Interestingly, this study showed that the evaluated 

wines from Wairarapa possessed sensory components that were classified between those 

of the Marlborough region and the rest of the world, while the Hawke’s Bay wines were 

sensorially similar to overseas wines.  Benkwitz, et al. (2012) went further and established 

the odor activity values (OAV) that provide Marlborough Sauvignon blanc with its 

distinctive flavors in relation to Sauvignon blanc from other areas of the world. The 

sensory data showed the distinctness that the Marlborough and Wairarapa regions bring 

to the world of Sauvignon blanc wine production. 

 

1.3. CHARDONNAY 

Vitis Viniferia, Chardonnay is a white grape originating from Bourgogne, France.  It is 

unusual in that it can make superb wines from areas ranging from cool to hot climates.  

DNA analysis of the varietal has shown that it is a cross between Pinot and Gouais blanc 

grapes (Bowers et al. 1999).  It is widely grown throughout the world with significant 

plantings in Europe, North America, Chile, Argentina, South Africa, Australia, and New 

Zealand (WSET 2005).  As a result, there are at least 31 clones of Chardonnay (CTPS 

1997). However, the fruit flavors depend on the region in which it is grown.  Cool 

climates, such as Chablis and New Zealand, offer green fruits with citrus and vegetal 

notes (WSET 2005).  Vinification techniques also play an important role in Chardonnay’s 

attributes, as the wine can undergo malolactic fermentation, barrel ageing, and aging sur 

lees. 
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Chardonnay fruit is small, round, and grows in compact clusters, which makes the fruit 

vulnerable to powdery mildew, flavescence dorée [a bacterial infection of the vine caused 

by phytoplasma] and bunch rot (CTPS 1997; Jackson 2008).  The varietal prefers fertile 

soils consisting of marl [a clay rich in carbonates and silt] or containing calcium 

carbonate (CTPS 1997).  The vine is susceptible to drought, but in general easy to grow 

(Robinson 2012). 

 

Chardonnay accounts for 9% of the total planting in New Zealand (Figure 1.1) and 

accounts for 3211 hectares of producing vineyard (New Zealand Winegrowers 2015).  

This makes Chardonnay New Zealand’s third highest produced wine, behind Sauvignon 

blanc and Pinot noir.  Chardonnay is the most universally planted vine in New Zealand, 

and is found in all of New Zealand’s wine regions.  Significant plantings are found in the 

Hawke’s Bay and in Marlborough.  Even with the wide-ranging plantings of Chardonnay, 

it only accounts for 2.5 % of all New Zealand wine exports. 

 

1.4. ENOLOGY 

1.4.1. Enological practices 

Enological practices for wine production are driven as much by the grape properties at 

harvest as by the characteristics of the wine varietal being produced.  Several practices 

transcend the particular varietal or type of grape utilized.  There are, however, practices 

that are undertaken specific to the wine varietal and/or the type of grape.  A background 

of the enological practices that are relevant to the present study on Sauvignon blanc and 

Chardonnay winemaking are presented below. 
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1.4.1.1. General practices 

Harvest of the grapes should occur around 22 °Brix to ensure a wine with 12% alcohol 

without the use of chaptalization.  Unfortunately, this cannot always be achieved as a 

result of the climate of the vintage.  When the °Brix are low the winemaker must decide 

on whether to use chaptalization or not. Chaptalization can occur via two methods: the 

addition of sugar, or the addition of juice concentrate, to increase the total fermentable 

sugars. 

 

The acidity of the grapes will depend on their maturity, in addition to the climate.  

Grapes from warmer climates tend to have a lower acidity.  For white wines the 

preferred pH is 3.3 or less.  Low pH values are preferred for imparting a fresh taste, 

improving microbial stability, lessening browning and decreasing necessary SO2 

concentrations (Jackson 2008). Tartaric acid can be added to increase the total acidity 

(TA) of the must (Jackson and Jackson 1997; Vine 2002).  When the acid content is too 

high, deacidification can be undertaken by physiochemical or biological means.  The TA 

and °Brix should be checked after any addition of water or acid.  Ascorbic acid may be 

applied to the grapes following harvest and prior to bottling to decrease browning of the 

grapes and wine.  Citric acid may also be applied following cold stabilization and prior to 

the final filtering of the wine, to increase wine stability.   

 

The addition of SO2 for inhibition of unwanted microorganism growth and oxidation 

occurs at various stages in wine production.  SO2 addition will always occur when the 

wine is racked, aged, and prior to bottling.  Applications of SO2 can occur at harvest, if 

the grapes must be transported extended distances or if there is a delay in processing, 

prior to pressing of the fruit, and prior to fermentation.  Some fermentation practices, 
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such as carbonic maceration, produce an atmosphere that inhibits oxidation and 

unwanted microorganism growth.   

 

Part of the clarification process is the addition of fining agents, which are classified based 

on their general nature: earths, animal and proteins, charcoal, and synthetic polymers.  

Fining agents clarify the wines by binding proteins.  However, the gains of a clarified 

wine are often countered by the loss of some aroma and flavor molecules.  These losses 

are dependent on the type and quantity of fining agent used (Ferreira et al. 2001; 

Reynolds 2010; Vine 2002). Currently, bentonite is universally used in the wine industry 

for prevention of protein haze (Blade and Boulton 1988; Reynolds 2010). 

 

Yeast and yeast nutrients are added to all wines.  The selection of yeast for fermentation 

depends on several factors, including the wine varietal in question, the vigor of the yeast 

strain, and the aromas and flavors produced.  Wild yeast is still used for some wine 

production, but most commercial winemakers choose to remove the variability and 

unknowns associated with wild yeasts and utilize commercial preparations of known 

yeast strains.  Utilizing a known yeast strain generally improves the quality of the wine by 

allowing the winemaker to select yeasts that will enhance the properties sought for in the 

final product. 

 

For the extraction of polyphenols from grape skins, pulp, and seeds, the presence of 

ethanol enhances the process.  This is evident by the differences in antioxidant activity 

noted between red and white wines.  As the ethanol concentration increases during red 

grape fermentation, greater amounts of phenolics are extracted.  Another illustration of 

this is the extraction of phenolic compounds from grape stems, seeds, and skins for 
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nutraceutical supplements.  In this process, high concentrations of ethanol are utilized, 

thereby providing significant concentrations of phenolics in the extraction solution. 

 

1.4.2. White wine production 

White wines have been produced for centuries via various production techniques.  Some 

of the methods used by the ancient winemakers are still practiced in certain viticultural 

regions.  The wines produced are typically regional wines and do not find their way onto 

the international market.  This may change as researchers and oenologists revisit the 

techniques of antiquity to improve the quality of wines and try to bring something new 

to the marketplace.  

 

Standard winemaking protocol 

The international wine marketplace has driven modern wine production of white wines 

to limit contact time with the grape skins.  This influence has resulted in grapes typically 

being pressed immediately after harvest. The juice selected for fermentation should be 

transferred to cool (7 °C to 12 °C) stainless steel tanks for 24 to 48 hours to allow the 

precipitation of gross lees (Jackson and Jackson 1997; Vine 2002). The juice should be 

racked to a fermenter allowing for adequate headspace for the resulting fermentation, 

and any adjustments to the juice should be made prior to yeast addition.  Fermentation 

takes place at 10 °C to 20 °C until the wine reaches the desired residual sugar content. 

 

While the modern standard wine protocol results in a product that meets the approval of 

the majority of the international marketplace, the limited skin contact does not permit 

the full extraction of polyphenols, aromatics, and flavor compounds contained in the 

grape skin and seeds.  Vintners continue to utilize alternative methods to improve the 
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quality of the wines whilst attempting to maintain a finished product that meets 

marketplace standards. 

 
1.4.2.1. Alternative methods 

Although the majority of the wine industry employs a version of the standard wine 

protocol for white wine production, there are wineries that make use of alternative 

techniques of production.  Some of these wines are merely regionally distributed and 

others have made their way onto the international market.  Evaluation of these 

alternative methods, including their advantages and disadvantages, is important in 

furthering the styles and qualities of wine. 

 

Maceration 

Maceration is the process of allowing the grape juice to be in contact with the grape 

skins, seeds, and in some instances the stems.  The amount of contact time varies based 

on the wine.  Typically maceration is undertaken for red wines and rose wines, with the 

longest exposure time being for red wines in order to extract the rich color.  Maceration 

of white wines is not a common practice in modern wine production, but some vintners 

are using it to increase flavor and aroma profiles.  Maceration has been used historically 

in some white wine producing regions and the practice is still utilized to produce white 

wines.  

 

The maceration process extracts phenolic compounds from the skins and seeds 

(Fuhrman et al. 2001; Hernanz et al. 2007; Nicolas Landrault and Teissedre 2001). In the 

event of excessive extraction the wine can be bitter and astringent, and colour can be 

yellow to yellow-brown (Oberholster et al. 2009; Salacha et al. 2008).  These qualities are 
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not desired in a white wine since they can mask fresh, crisp, and fruity qualities, which 

are highly sought-after.   

 

Cold maceration 

Cold maceration in white wines provides extended contact with the skins of the grapes.  

The temperature inhibits or slows the fermentation process, allowing for extraction of 

the phenolic compounds with minimal alcoholic fermentation.  Colder temperatures also 

aid in the preservation of the fruit, thus limiting the browning that can occur when the 

fruit is subjected to extended periods of oxygen contact, which results in the oxidation of 

polyphenols. 

 

Cryogenic maceration 

The principle of cryomaceration is to subject grapes to rapid freezing with either liquid 

nitrogen or CO2. As a result, there is formation of ice crystals within the cell structure.  

The rapid formation of the ice crystals results in rupture of the cell walls, making the 

phenolic and aromatic compounds easily extractable.  This has produced varying results 

depending on the varietal concerned.  Peinado et al. (2004) discovered this in their study 

of Arien and Macabeo white wines, where some aroma attributes increased with 

maceration and others decreased.  The maceration of the Arien grapes produced a wine 

that was favored over its unmacerated counterpart, but the reverse was true for the 

Macabeo wines produced (Peinado et al. 2004).  

 

Enzymes 

The enzymes used for maceration have originated from the natural enzymes found in 

grapes.  The commercially made enzymes are isolated from yeasts or fungal sources.  The 
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Office International de la Vigne et du Vin (OIV 2014, 2013) has set out regulations as to 

which fungi and yeasts may be used for the production of wine maceration enzymes.  

The enzymes that are produced are used in the maceration of grapes to release bioactive 

compounds and to enhance wine quality.  The enzymes can be of a single type or a 

mixture of several enzymes, resulting in an increase in a single attribute of the wine 

(color, aroma, flavor, tannin, etc.), or an increase in all or a few of the attributes. 

 

Enzymes utilized in wine production are typically mixtures of acid proteases, cellulases, 

hemicellulases, and pectolytic enzymes (polygalacturonase, pectin methyl esterase and 

pectin lyase) (Romero-Cascales et al. 2012). The addition of the enzymes catalyzes the 

breakdown of the cell walls, expediting the release of polyphenols, varietal aroma 

compounds, and flavor compounds.  The release is accomplished through hydrolysis of 

glycosidic bonds and the cleavage of carbon-carbon methyl group bonds, thus resulting 

in an increase of free forms in the must (Castro Vázquez et al. 2002; Ravanal et al. 2012; 

Romero-Cascales et al. 2012; Wang et al.). The reaction rate of the enzymes is affected by 

temperature and pH (Bayindirli 2010). One can therefore argue that enzymes produced 

from regional yeasts and microbes will produce a product that enhances the traits of that 

terroir.   

 

Enzyme preparations for use in oenology need to be of the purest nature, as secondary 

reactions occurring as a result of unwanted enzymes in the preparations can result in the 

formation of off-flavors and aromas, as well as toxic compounds and their precursors 

(Encarna et al. 2010). Despite the problems, the use of enzyme maceration has become 

commonplace in the wine industry, to facilitate improvements in the quality of the wine 

and to decrease processing times. 
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1.5. PHENOLICS 

Wines contain hundreds of compounds, and one of the most researched groups of 

compounds is the polyphenols, the third most abundant constituents in wine (Shi et al. 

2003). The phenolics in wine can be broken into two groups, flavonoids and non-

flavonoids (Figure 1.5.1).  Polyphenols, or phenolics, have become compounds of 

interest as a result of their association with preventing disease in humans.  The 

association of health benefits and wine consumption was established as early as 1978 by 

Leger et al. (1979), where they compared epidemiological data of ischemic heart disease 

(IHD), death rates, and factors associated with the disease in 18 developed countries.  

Their findings established an apparent relationship between wine consumption and a 

protective affect against IHD death.  Leger et al further suggested that investigation of 

wines’ effects on specific factors of IHD (blood lipid levels, platelet aggregation, etc.) 

should be undertaken to establish plausibility of protection (Leger et al. 1979). The 

chemical and molecular interactions that result in these benefits are still of great research 

interest and debate.   

 

Polyphenols are further divided into several major categories: various types of 

flavonoids, hydroxycinnamic acids, phenolic acids, and stilbenes (Figure 1.5.1). Of these 

categories, stilbenes, hydroxycinnamic acids, flavanols, flavonols, and phenolic acids are 

present in white wines, but not anthocyanins (Figure 1.5.2). The types of flavonoids 

typically present in wines include anthocyanins, flavonols, and flavan-3-ols (Figure 1.5.3).   

  

Grape phenolics are important to human health as a result of their antioxidant, antiviral, 

and anticancer capabilities.  The beneficial ability of phenolic compounds can be linked 

to their solubility in water and lipids.  This enables them to dissolve in both fats and in 

the aqueous components within the body.  Additionally, the gut microbiota play an 
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increasingly researched role of generating metabolites that are not only readily absorbed 

but possess bioactivity (Selma et al. 2009). 

 

Grape vines produce polyphenols in response to stressors or infection and for protection 

from herbivores (Downey et al. 2006).  Two primary pathways exist for polyphenol 

generation; the polyketide and shikimic acid pathways (Mattivi and Nicolini 1997). The 

enzymes required for synthesis are controlled by genes, which are upregulated in 

response to stressors, and prior to flowering through véraison.  Some common stressors 

are drought, UV, and temperature.  Infections of the grapes can occur in different places: 

at the grape, with infections such as grey mold (Botrytis cinerea) and downy mildew 

(Plasmopara viticola); and at the vine or root, with Armillaria root rot (Armillaria mellea) and 

corky bark (closterovirus) as examples (Balasubramaniam 1997). Phenolic compounds 

are also increased during the ripening process.  Of these, the anthocyanins are colored 

and influence the color of the grapes, and the bitterness and astringency of the wine.   

 

Figure 1.5.1. Phenolic compounds classifications. 
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Figure 1.5.2.  Structural categories of polyphenols found in white wine. 
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Figure 1.5.3. Flavonoid compound groupings found in wine. 
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The terroir and maturity of the grapes not only influence the phenolic content of the 

grapes, but also the finished wine.  In addition to the grapes influencing the phenolic 

composition of the wines, they also influence the winemaking technique (maceration 

parameters, wine making technologies and the chemical reactions during the vinification 

and ageing process) (Tian et al. 2009). For example, Tian et al. (2009) demonstrated that 

hydroxybenzonic acid derivatives were higher in ice wine than dry or semi-sweet, with 

the exception of gallic acid, and that flavan-3-ols were highest in the frozen grape musts.  

Tian et al. (2009) attributed this to the extended ripening of the grapes.   

 

Jiranek and Schmid (2011) demonstrated in their study on fresh and frozen grapes used 

in winemaking that the final wine chemical composition was equivalent.  This was 

further substantiated by Santesteban et al. (2013) in frozen grapes, where it was shown 

that only a slight increase in phenolic compounds occurred.  They proposed that the 

cold, which increases the extraction of phenolics, also increases the precipitation of these 

same compounds.  This rationale was also proposed by Bindon et al. (2010) in their 

studies of interactions between proanthocyanidins and cell wall materials.   

 

White wines are known to be lower in phenolic compounds due to their lack of skin 

contact during the maceration process.  It has been well documented that skin contact 

during the wine making process, whether prior to or during alcoholic fermentation, 

increases the phenolic content of the final wine.  Two variables that impact the 

extraction of phenolics are time in contact with the skins, and the temperature of the 

must during skin contact.  Ramey et al. (1986) studied this aspect in Chardonnay musts 

and wines.  They demonstrated that not only does increasing the skin contact increase 

the polyphenols extracted, but increasing the temperature also increased the phenolic 



Introduction 

16 		

content extracted.  However, it was also determined that the increase in temperature 

increased the browning capacity of the finished wine. 

 

1.5.1. Phenolics of importance 

Of the hundreds of phenolic compounds present in wines, there are some that have 

received significant attention for their relation to health benefits; two examples being the 

stilbene resveratrol and the flavan-3ols, which are common to both wine and tea.  The 

antioxidant activity of phenolic compounds can be linked partially to the number of 

hydroxyl groups (OH) that are bonded to the aromatic rings and their positions on the 

rings.  Hydroxyl groups are not the only active moieties bound to the benzene ring; other 

common substituted groups include carboxylic acid (-COOH), methoxy (-OCH3), and 

carbon chains.  Substitution of one of these groups will produce varying effects on the 

functionality and potency of the phenolic.  Furthermore, it has been shown that 

gallolyation increases the activity associated with the molecule (Ann 1992). As a result, 

phenolic compounds can also be classified as hydrogen-donating antioxidants and singlet 

oxygen quenchers (Shi et al. 2003).  

 

The efficiency of an antioxidant is ultimately related to its reaction kinetics (Villano et al. 

2007). The factors that contribute to the reaction rate go beyond the simple presence and 

placement of active groups to include the molecules’ chemistry and configuration, which 

also affects the molecules’ reduction potential (Rice-Evans et al. 1996).  With this in 

mind, Villano et al. (2007) evaluated the reaction kinetics of several phenolics commonly 

found in wine and established their antioxidant efficiency against the DPPH radical, 

thereby demonstrating the importance of the molecules’ configuration on its antioxidant 

activity. Furthering the evaluation of structural impacts on antioxidant activity, Rice-

Evans et al. (1996) demonstrated that the presence of a saturated C-ring decreases 
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antioxidant activity, by lowering electron delocalization across the molecule to stabilize 

aryloxyl radicals.  Additionally, they demonstrated that a hydroxyl group at position 3 of 

the C-ring requires the double bonded oxygen of a flavonol to be most effective.  

Furthermore, their investigations into the importance of hydroxyl groups on the B-ring 

showed ortho-diphenolic structures held the highest antioxidant activity when compared 

to the meta, tri-substituted or single substituted flavonols, but the tri-substituted phenolic 

with a saturated C-ring showed an increase in antioxidant activity in aqueous phase 

radicals (Rice-Evans et al. 1996). 

 

Flavonoids play an important role in beneficial biological activities associated with 

polyphenolic compounds.  From the polyketide pathway flavonoids typically derive the 

5,7-hydroxyl pattern on the A ring, while from the shikimic acid pathway the 3’, 4’, 5’- 

pattern on the B ring is formed (Figure 1.5.4) (Morton et al. 2000). Some of the specific 

flavonoids linked to health benefits in wine are:  quercetin and its glucuronides and 

metabolites, (+)-catechin and (-)-epicatechin and their glucuronides, and procyanidins.  

The health benefits associated with phenolic compounds vary by disease state.  However, 

there are varying levels of benefit between individuals when consuming phenolics.   

  

Individual phenolics can have effects on multiple disease states and mitigate the disease 

outcomes by various mechanisms of action.  The most prevalent cause of many diseases 

is oxidative stress.  Its occurrence impacts many systems within the body, and 

contributes to the occurrence of the disease, or may promote the manifestation of 

complications of a disease state.  When assessing the importance of phenolics on health, 

there are two approaches: in vivo and in vitro.  Each of the techniques supplies information 

concerning the benefits associated with the phenolic and the possible mechanism/s of 

action. 
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1.5.1.1. Phenolics in cardiovascular disease 

Cardiovascular disease (CVD) encompasses many conditions which phenolic compounds 

have been shown to mediate.  Inflammation and metabolic and oxidative stress are 

considered major contributors to cardiovascular disease.  Oxidized low-density 

lipoprotein (LDL) has been linked to several processes that contribute to CVD 

(Dohadwala and Vita 2009; Ehara et al. 2001; Zern et al. 2005). Macrophages 

phagocytize the ox-LDL, creating foam cells (Heinecke et al.), which then can lead to 

plaque aggregation.  Rupture of the plaque can lead to thrombosis which in turn can 

result in an emboli, ischemia, stroke, and myocardial infarction.   

 

As seen with oxidized LDL, no one factor can account for the total disease state.  CVD 

also has contributing factors such as obesity, diabetes, inflammation, elevated BP, 

hypertriglyceridemia, elevated LDL, depressed HDL, platelet aggregation, NO activity 

inhibition, and other molecular pathways of CVD and its risk factors (Dohadwala and 

Vita 2009; Kaliora and Dedoussis 2007). Various studies have shown that phenolic 

compounds can affect these overall contributing factors, as well as the cellular pathways 

that affect these processes (Dohadwala and Vita 2009; Kaliora and Dedoussis 2007; 

Morton et al. 2000). 

 

Quercetin has been linked alone and in combination as a preventative for cardiovascular 

disease and stroke (Edwards et al. 2007; Egert et al. 2010; Hubbard et al. 2004).  Edwards 

et al. (2007) hypothesized that this was linked to a lowering of blood pressure.   In their 

study, they showed that when quercetin was administered to pre- and stage 1 

hypertensive patients there was a significant decrease in the systolic, diastolic, and mean
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Figure 1.5.4. Shikimic acid pathway to flavonoid synthesis 
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Figure 1.5.4. Shikimic acid pathway to flavonoid synthesis (continued).  
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arterial pressure in the stage 1 cohort.  This finding was independent of gender, BMI, 

and oxidative stress.  Hubbard et al. (2004) investigated the role of quercetin in platelet 

aggregation.  Their experiments presented the bioavailability of quercetin in the form of 

quercetin-4’-O-β-D-glucoside (Q-4-G) and an inhibition of platelet aggregation.  

Hubbard concluded that quercetin inhibits the platelet receptor glycoprotein VI (GPVI) 

by suppressing tyrosine phosphorylation of the non-receptor tyrosine kinase Syk 

(Hubbard et al. 2004). 

 

(+)-Catechin contributes to general human health through its antioxidant activity and is 

associated with decreased platelet adhesiveness and increased plasma HDL 

concentrations (Bell et al. 2000). Catechin inhibits platelet aggregation through inhibition 

of several cellular channels.  Research by Pignatelli et al. (2000) shows that catechin and 

quercetin inhibit platelet aggregation by inhibiting calcium mobilization and 

phospholipase C. Their research also presents the synergistic effect of catechin and 

quercetin inhibition of platelet cellular channels and platelet aggregation.  The results 

show a four-fold decrease in concentrations, resulting in significant inhibition (Pignatelli 

et al. 2000).  Catechins inhibit lipid peroxidation in erythrocyte membranes in 

diabetes.(Rizvi et al. 2005) Oxidative stress has been identified as a cause of many of the 

complications associated with diabetes (Baynes 1991). Diabetic erythrocytes are more 

prone to oxidative stress and thus have increased levels of malondialdehyde (MDA) and 

lowered GSH.  Catechins were shown to protect against these changes in the erythrocyte 

when presented with oxidative stress (Rizvi et al. 2005).   

 

Resveratrol has long been linked to cardiovascular health (Baur and Sinclair 2006; Opie 

and Lecour 2007; Petrovski et al. 2011; Wu and Hsieh 2011). Resveratrol has been 
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shown to alter several biological mechanisms (Blanco-Colio et al. 2000; Carluccio et al. 

2003).  Blanco-Colio et al. (2000) has shown that it inhibits activation of nuclear factor-

κB and the production of inflammatory factors.  Research from Ferrero et al. (1998) 

shows that resveratrol also prevents adhesion molecule expression.  Inhibiting these 

molecular pathways, and others, permits a decrease in platelet aggregation, (Demrow et 

al. 1995) promotion of vasorelaxation (Fitzpatrick et al. 1993; Lekakis et al. 2005), 

reduction of lipid peroxidation (Fuhrman et al. 1995) and atherosclerosis (Wang 2005). 

 

Platelet aggregation is associated with thrombosis and subsequent transient ischemia, 

myocardial infarction (MCI), and stroke.  In vitro resveratrol has been shown to block this 

aggregation (Bertelli et al. 1995).  It has also been shown to perform similarly in vivo in 

rabbits that were fed a hypercholesterolaemic diet (Wang 2002) and in mice with induced 

damage to the endothelium (Zini et al. 1999).  These research results are thought to be 

linked to the COX1 and COX2 isoforms, which regulate vascular homeostasis. COX1 

synthesizes thromboxane A2 that induces platelet aggregation, whilst COX2 synthesizes 

prostacyclin, which is an antiplatelet aggregator and vasodilator (Baur and Sinclair 2006).  

The down regulation of COX1 activity allows for a greater effect of COX2.  This same 

mechanism is used to explain the cardioprotective nature of aspirin (Mitchell et al. 1993; 

Vane 1971; Williams and Hennekens 2004).   

 

Vasodilation is an important aspect in the prevention of CVD.  Resveratrol has been 

shown to induce relaxation in isolated rat arteries and aortic rings (Naderali et al. 2000).  

Vasorelaxation caused by resveratrol is associated with its ability to stimulate endothelial 

and inducible NO synthase (Cruz et al. 2006; Das et al. 2005).  Resveratrol is considered 

to be an antioxidant.  In vivo, it is not yet fully understood if it acts by direct scavenging, 

or by upregulation of cellular antioxidant defenses. In vitro, LDL oxidation has been 
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prevented by resveratrol by copper chelation and by direct scavenging, (Frankel et al. 

1993) while in vivo, the results are inconclusive as to the process.  Resveratrol is seen in 

LDL particles of humans following wine consumption, (Urpí-Sardà et al. 2005) and has 

been seen to prevent the increase of LDL as a result of other disease and stress states 

(Afaq et al. 2003; Miura et al. 2003; Morales et al. 2002). In vivo studies have not been able 

to show a significant effect on serum cholesterol or triglycerides (Mizutani et al. 2001; 

Turner et al. 1999; Turrens et al. 1997; Wilson et al. 1996). However, resveratrol has been 

shown to reduce atherosclerotic plaques and restore flow mediated dilation in rabbits 

(Wang 2005). Ischemic reperfusion injury has been mediated by resveratrol’s ability to 

improve recovery of developed pressure and aortic flow, while decreasing 

malondialdehyde concentrations and reducing infarct size (Bradamante et al. 2000; Fulda 

and Debatin 2004; Ray et al. 1999; Sato et al. 2000).   

 

1.5.1.2.  Phenolics in diabetes 

Atherosclerotic vascular disease is a complication of diabetes and is its leading cause of 

mortality (Agarwal et al. 2013; Beckman et al. 2013).  As in cardiovascular disease, 

oxidative stress has been linked to some of the complications associated with diabetes 

(Trivin 1999). The development of these complications has been shown to be associated 

with erythrocyte antioxidant capacity (Zaltzberg et al. 1999). A decrease in the capacity 

negatively impacts the erythrocyte function and integrity, which leads to peroxide 

mediated damage of the cell (Rizvi et al. 2005). The high polyunsaturated fatty acid 

content in the membrane and high cellular concentration of oxygen and hemoglobin 

make the erythrocyte susceptible to oxidative damage.  Ziobro et al. (2013) found a 45% 

increase in cholesterol in erythrocyte membranes from patients with Metabolic 

Syndrome and a 37% increase in membrane lipid peroxidation.  In vitro and in vivo 
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research has focused on the abilities of a small number of phenolic compounds’ ability to 

provide beneficial effects in the diabetes disease state. 

 

Diabetic erythrocytes have been shown to possess reduced intracellular glutathione 

(GSH) (Dincer et al. 2002; Dinçer et al. 2002).  The reduced levels of GSH in diabetes 

may be the result of decreased reduction of oxidized GSH, resulting from the 

upregulation of the polyol pathway depleting nicotinamide adenine dinucleotide 

phosphate (NADPH), which is required for the glutathione reductase catalyzed reaction 

(Delattre et al. 1999).  The decreased NADPH also impacts the nitric oxide synthesis 

pathway, thereby permitting an increase in the synthesis of peroxynitrite, an oxidizing 

agent (Delattre et al. 1999; Tesfamariam 1994).   

 

Catechins, found in wine and tea, have been found to protect normal and diabetic 

erythrocytes from oxidative stress in vitro, with the effectiveness more pronounced in 

diabetic cells (Rizvi et al. 2005). Oxidation of the erythrocytes results in an increase in 

malondialdehyde, and a decrease in glutathione and membrane –SH bonds (Haest et al. 

1979; Storz and Imlayt 1999).  Consumption of catechins has been shown to reach 

micromolar concentrations in vivo within 3 hours (Leenen and Roodenburg 2000).  

Research has shown that catechins not only protect lipids from peroxidation via the 

reactive oxygen species, but also from metal induced lipid peroxidation (Seeram and Nair 

2002).  Prevention of the membrane peroxidation allows the cell to maintain its fluidity 

and capacity.   

 

ATPase activity has been found to be lower in cells with fewer thiol groups incorporated 

into their membranes (Ziobro et al. 2013).  The lower number of thiol groups could be a 

result of the modification of proteins or direct oxidation by free radicals.  The lesser 



Introduction 

25 		

ATPase activity could be caused by the decrease in fluidity, free radical protein damage, 

or products from lipid peroxidation.  Resveratrol, when incubated with diabetic platelets, 

increases the Na+/ K+ ATPase activity of the platelets (Raffaelli et al. 2014). The increase 

in ATPase activity also contributes to the membrane fluidity and overall platelet function, 

thereby lowering the complications associated with platelet dysfunction and oxidative 

stress. 

 

1.5.1.3.  Phenolics in inflammation 

Inflammation is one means by which cognitive function may be altered.  Oxidation of 

lipids and proteins may also result in cognitive dysfunction.  Carey et al. (2013) 

investigated stilbenes and anthocyanins ability to protect mouse microglia from induced 

oxidative stress.  They achieved this through the modulation of several pathways 

associated with inflammation in microglia cells.  The phenolics lessened the production 

and expression of the molecules NO, iNOS, COX-2, and TNF-α; all are associated with 

the inflammatory process caused by oxidative stress.  A more thorough investigation of 

resveratrol showed that it had a direct neuroprotective effect in a rat Alzheimer’s model.  

Rats treated with resveratrol performed significantly better than untreated rats on 

memory related tasks, had malondialdehyde levels in the brain similar to controls, and 

had significantly greater GSH brain concentrations than controls (Sharma and Gupta 

2002). Phenolics have also been shown to be neuroprotective in ischemic stroke, 

Parkinson’s, Huntington’s, dementia, epilepsy, and neurotoxicity (Albani et al. 2010; Han 

et al. 2004; Richard et al. 2011; Rodrigo et al. 2011; Savaskan et al. 2003; Truelsen et al.).   

 

Oxidative stress plays a role in the progression of many diseases and the manifestation of 

complications associated with the disease state.   The literature is full of studies looking 
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at the effects of phenolics in mitigating the damage caused by this oxidation.  In this 

brief review of some disease states, we begin to see how oxidative stress acts on the same 

pathways in progressing the disease and how the various phenolics affect these pathways 

in different ways to lessen the harmful effects.  Polyphenols have also been examined for 

use in other conditions such as cancer (Bushman 1998; Hsieh and Wu 2010), renal failure 

(Rodrigo et al. 2004; Rodrigo and Rivera 2002; Rodrigo et al. 2002), and ageing 

(Kaeberlein 2010; Mouchiroud et al. 2010), where the disease progression can be linked 

to cellular biochemical mechanisms. 

 

1.5.1.4.  Antiviral and antimicrobial activity 

The ability of phenolic compounds to alter the cellular biochemical mechanisms is the 

basis for their antiviral and antimicrobial affects.  The antiviral ability of the phenolics 

can be considered to be broad spectrum as they are effective at inhibiting multiple viral 

strains.  Flavonoids associated with antiviral activity appear to be non-glycosidic 

compounds and hydroxylated at the 3-position (Harborne and Mabry 1982).  

 

Catechins have been extensively researched as they are the predominate compound in 

green tea.  Catechins and their analogs have also been shown to selectively inhibit HIV 

reverse transcriptase, which is an essential enzyme for viral replication and provides 

neuroprotection against HIV proteins (Nath et al. 2012). They have been shown to be 

anti-influenza (Bekhit et al. 2011) by binding to the haemagglutinin envelope of the viral 

envelopes glycoproteins thus inhibiting replication and by suppressing the viral RNA 

synthesis (Nakayama et al. 1993; Song et al. 2005). Genomic RNA suppression by 

catechins is responsible for the inhibition of enteroviruses by modulation of cellular 

redox milieu (Ho et al. 2009) in addition to rotaviruses (Mukoyama et al. 1991).  
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Catechins are not the only phenolic compounds known for their antiviral activity.  

Stilbenes also demonstrate antiviral activity, as in the case of resveratrol and CMV, where 

resveratrol inhibits viral protein expression and viral DNA replication.  Additionally, it 

has inhibited the phosphorylation of the epidermal growth factor via the tyrosine kinase 

activation pathway and CMV mediated induction of transcription factors (Evers et al. 

2004) Resveratrol use in vivo as a topical treatment has inhibited formation of cutaneous 

HSV lesions in mice (Docherty et al. 2004).  Gravina et al. (2011) showed that quercetin 

and cinnamic acid were anti EHV agents. Formica et al previously proposed that the 

antiviral activity was a result of quercetin reacting with viral envelope glycoproteins or 

viral capsids, thus interfering with viron cell penetration in HSV and other envelope 

viruses (Formica and Regelson 1995). Proanthocyanidin A2 was found to exert an anti-

canine distemper virus activity during the early and late stages of replication.  Gallina et 

al. (2011) proposed that this activity was via the modulation of cellular redox milieu by 

proanthocyanidin A2.   

 

Lin et al. (2013) examined the ability of epicatechin isomers to inhibit HCV.  Their study 

demonstrated that epicatechin isomers were able to inhibit HCV replication by 

attenuation of the COX-2 dependent signaling pathway at the mRNA transcription level 

(Lin et al. 2013). Attenuation of COX-2 is thought to be responsible for the suppression 

of HCV protein synthesis and ultimately HCV inhibition (Lin et al. 2013; Trujillo-Murillo 

et al. 2008). Within the catechin family of compounds, epigallocatechin gallate has been 

shown to be effective against HCV by inhibiting viral attachment to cultured 

hepatocytes, thus preventing secondary infection from cell to cell (Ciesek et al. 2011). 

Epigallocatechin gallate analogs and catechin also exhibit the ability to inactivate HSV at 

neutral and physiological pH (Isaacs et al. 2008; Isaacs et al. 2011).  Further studies have 

revealed that catechins are responsible for damage to the particles of the HSV envelope 
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(Isaacs et al. 2008). Additionally, in HSV-4, which is also responsible for several forms of 

cancer, catechins inhibit gene transcription and viral proteins by reduction of 

phosphorylation and activation of extracellular signal-regulated kinase 1 and 2, as well as 

Akt (Liu et al. 2013).  

 

Phenolics acting on cellular metabolic pathways have also been found to be 

antimicrobial.  Antimicrobial activity has been demonstrated in flavan-3-ols, flavones, 

isoflavones, flavanones, isoflavanones, isoflavans, and flavonols (Cushnie and Lamb 

2005).  In AlcarÁZ et al. (2000) they propose that the antimicrobial activity observed 

results from OH substitution at the 2' and 5 positions, and that molecular co-planarity 

with the carboxylic region is important for anti-Methicillin resistance bacterium.  

 

Rauha et al. (2000) examined antimicrobial activity on several strains of bacteria: 

Aspergillus niger, Bacillus subtilis, Candida albicans, Escherichia coli, Micrococcus luteus, Pseudomonas 

aeruginosa, and Staphylococcus aureus and epidermidis and had varying responses from no 

activity to strong antimicrobial activity (Rauha et al. 2000). Compounds of note are those 

that produced activity greater than or equal to the antibiotic control: gallic acid, quercetin 

and flavones (Rauha et al. 2000). Stapleton et al. (2004) examined the ability of phenolics, 

specifically catechins, to modulate the β-lactam resistance in bacterium.  Through their 

experiments, they established that the gallate moiety was required for modulation of the 

β-lactam resistance, which occurs at a locus on or in the cytoplasmic membrane.  

Alternatively, the mechanism of action could be the direct binding of peptidoglycan by 

the phenolic compound (Stapleton et al. 2004).  

 

Antimicrobial activity of phenolics extends beyond the in vivo health benefits.  The 

antimicrobial activity has been demonstrated to play a role in the inhibition of wine 
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spoilage yeast and bacteria.  Pastorkova et al. (2013) demonstrated that this activity was 

highest in the stilbenes, followed by the flavonoids, and then phenolic acids. The study 

was able to establish that the antimicrobial activity was dependent on the chemical 

structure of the polyphenols and that the microorganisms were more affected by the 

active phenolics that potassium metabisulfite (García-Ruiz et al. 2011; Pastorkova et al. 

2013). The presence of methylated hydroxyphenol groups resulted in increased 

antimicrobial activity, as established by Chong et al. (2009).  

 

Lactic acid bacteria are considered both a wine spoilage organism, as well as a wine 

improvement organism.  It is used in the wine industry to decrease the total acidity, 

increase the pH, and improve the complexity of the wine.  The use of lactic acid bacteria 

typically occurs once alcoholic fermentation is complete, but may be undertaken 

simultaneously.  The effects of phenolics on lactic acid bacterium has been extensively 

researched by García-Ruiz et al. (2008); (2012; 2011) to determine that the effects are 

based not only on the concentration of the polyphenol, but also on the type of 

polyphenol and the strain of bacterium. The research surrounding the antimicrobial 

nature of phenolics in wine suggests that selectively increasing phenolics can not only 

help the wines by lowering the amount of sulfur dioxide used, but also provide a 

secondary health benefit to those that consume the beverage. 

 

The antimicrobial activity is not as straightforward as it may seem.  As with the 

antioxidant activity, there are studies that point to the phenolics not having a role in the 

inactivation of pathogens and that the results are only seen in vitro and not in vivo.  Boban 

et al. (2010) examined the role of polyphenols, as well as other components in wine, such 

as pH and ethanol, to determine their role in the antimicrobial process. In the study, they 

established that intact wine was an effective microbicide, but that phenolic free wine was 
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more active than the dealcoholized wine, which still contained the phenolic compounds, 

which in turn was more active than ethanol on its own (Boban et al. 2010). This finding 

suggests that, while the phenolic compounds do provide some antimicrobial activity, they 

are not solely responsible for the antimicrobial activity of wines and that it is ultimately a 

combination of both pH and all the compounds in wine that affect the antimicrobial 

activity.  Sugita-Konishi et al. (2001) found that entro-pathogenic bacteria were 

inactivated by wine in vitro but not in vivo. They proposed that the antimicrobial 

components found in wine are in the volatile fraction and that there was little evidence 

of antimicrobial activity in the mouse model (Sugita-Konishi et al. 2001). Waite and 

Daeschel (2007) also studied the ability of wine to be antimicrobial. In studying wine’s 

effects on S. aureus and E. coli, they were able to establish that pH was the most critical 

factor to predict inactivation and that sulfur dioxide was not predictive of wines efficacy 

(Waite and Daeschel 2007). This study did not look specifically at the role of the 

phenolic compounds present but did establish that the physical properties of wine play a 

role in the antimicrobial activity. 

 

The cellular and metabolic pathways observed to regulate antiviral and antimicrobial 

activity are also the same pathways that are observed to regulate the effects of phenolic 

compounds on the disease state and complications from the disease state associated with 

antioxidant activity.  Many more phenolic compounds and viruses have been researched 

to answer questions on antiviral activity and mechanisms of action.  The mechanisms by 

which phenolics produce the antiviral affects are not all fully understood and more 

research needs to be done, not only in vitro, but also in vivo.   

 

The in vivo and in vitro literature is filled with conflicting reports of phenolic compounds 

providing health benefits, no benefits, or in some cases detrimental effects.  Ward et al. 
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(2005) studied the effects of vitamin C and grape seed polyphenols in hypertensive 

patients.  Their study showed that polyphenols reduced systolic and diastolic pressures, 

and heart beats per minute against placebo (Ward et al. 2005). The study also showed 

that when polyphenols were combined with vitamin C in these patients, the opposite 

effect was seen; pressures and heart rate increased (Ward et al. 2005). The literature also 

provides examples of the specificity of the benefits seen, where a benefit is only found 

within a defined time point when treated (Docherty et al. 1999). 

 

In vivo studies are vital to verify the results seen in vitro, but further understanding of how 

these compounds affect biological processes is also necessary in determining their true 

benefits or hindrances.  Additionally, a further understanding of how these phenolic 

compounds are absorbed and metabolized in vivo is necessary for adequate evaluation, as 

well as the effects the matrix has on them. 

 

1.5.2. Glutathione and phenolics 

Glutathione, Figure 1.5.5 and 1.5.6, acts as an antioxidant in grapes, juice, wine, and the 

human body.  Glutathione concentrations in each of the above are impacted by the 

presence of ROS therefore it is difficult to determine an exact value of GSH, however 

Cheynier et al. (1989a) surveyed 28 grape and must varietals to establish GSH 

concentrations in Chardonnay grape at 242.8 µmol/Kg in grape and 158.3 µM in must, 

while Sauvignon blanc was determined to be 371.8 and 200.7 in grapes and 332.7 

µmol/Kg and 214.0 µM in must based on two different growing regions.  It is a tripeptide 

that forms disulfide bonds when oxidized to form sulfonates and other disulfides, such 

as those with proteins (Sies 1999). In wines and juice, glutathione is capable of the 

regeneration of cinnamic acids from their oxidized quinonic forms (Figure 1.5.7 and 
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Figure 1.5.8) (Di Lecce et al. 2013). The regeneration process allows the cinnamic acid to 

continue to prevent oxidative damage by reacting with additional free radicals.   

 

In grape must, polyphenol oxidation occurs via two routes: direct exposure to reactive 

oxygen species (Fernandez-Zurbano et al. 1995) and by enzymatic oxidation via reaction 

with polyphenoloxidase (PPO) and polyphenolperoxidase (PDO) (Li et al. 2008). 

Glutathione in the must has been shown to convert the o-quinone forms of the 

polyphenols back to their original forms (Cheynier et al. 1989). Cheynier et al. (1989) also 

demonstrated that this reaction is a reduction of the polyphenol o-quinone complex and 

not an inhibition of PPO. The reduction of the oxidized polyphenols prevents the 

polymerization of the phenolics, thereby inhibiting browning of the musts and wines (Li 

et al. 2008). 

 

Flavonoids have been shown to increase the levels of GSH.  They accomplish this by 

activating antioxidant-response/electrophile-response elements (ARE/EpRE) (Myhrstad 

et al. 2002). Myhrstad et al. (2002) demonstrated in-vitro that flavonoids influence the 

ARE pathway and increase GSH by increasing γ-glutamylcysteine synthase (GCS). Not 

all flavonoids are equally effecting in the production of GSH. Ishige et al. (2001) notes 

how an unsaturated C ring is essential for protection.  Additionally the location of 

hydroxyl groups on the A and C rings affect the efficacy of protection (Ishige et al. 

2001). Ishige et al. (2001) also notes that hydrophobicity affects the efficiency of the 

compounds to activate the ARE. Glutathione up-regulation is a result of polyphenol 

activation of the ARE/EpRE and subsequent modulation of the various sensor proteins 

(Ishige et al. 2001; Levonen et al. 2004; Sies 1999). 
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Figure 1.5.5. Glutathione molecule, reduced form 

 

   

 

Figure 1.5.6. Glutathione molecule, oxidized form 
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Figure 1.5.7.  Glutathione regeneration of the catechol ring 
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Figure 1.5.8.  Glutathione regeneration of a para-phenol ring 
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1.6. ANTIOXIDANTS 

1.6.1. Active compounds 

Antioxidants in wine are oxidized readily by the introduction of oxygen.  In-vivo they are 

credited with the protection of low-density lipoprotein from being oxidized in coronary 

heart disease, the decrease of cerebral infraction and strokes, decrease in the risk of 

diabetes Type II, and others (Bezman et al. 2001). It is commonly accepted that phenolic 

compounds are the main source of antioxidant activity (Ishige et al. 2001; Jacobo-

Velázquez and Cisneros-Zevallos 2009; Li et al. 2009).  However, it has been shown that 

ethanol displays physiological activity resembling antioxidant activity (Bonnefont-

Rousselot et al. 2001; Pagel et al. 2004).  

 

Phenolic compounds and ethanol have been measured alone as well as in the wine matrix 

to establish antioxidant activity (Bonnefont-Rousselot et al. 2001; Darias-Martin 2000; 

De Beer et al. 2003; Eder et al. ; Trevithick et al. 1999).  While it is important to know 

which components are active as antioxidants, a combined approach is more valid for 

assessing the antioxidant activity of a complex mixture.  Each of these compounds 

contributes to the total antioxidant activity of the wine. When combined, some may have 

a synergistic effect, while others have an antagonistic effect or have an additive affect 

towards the other compounds.  Wang et al. (2011) demonstrated this with her study 

utilizing various antioxidant active foods alone and in combinations.  She demonstrated 

that all three effects were seen when foods were combined and that there were no new 

phenolic peaks or loss of peaks, as determined by HPLC (Wang et al. 2011). The results 

demonstrate how the synergistic, additive, and antagonist effects of the mixing of two 

extracts containing antioxidants can be applied to partially explain what is happening in a 

complex mixture such as wine. Thus, capturing the total antioxidant activity produces a 

result demonstrating the combined effect of all the reactions occurring in the wine. 
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Antioxidant activity is determined through various in vitro methods; each utilizes a 

different mode of reaction to determine the total reactivity.  Assays can be classified into 

three groupings: assays involving hydrogen atom transfers (HAT); assays by electron 

transfer reactions (ET); and other assays, Table 1.6.1 (Huang et al. 2005). However, the 

methodology can be defined by two reaction mechanisms: hydrogen electron transfer 

and single electron transfer (Wang et al. 2011). Both types of assays operate using redox 

reactions to neutralize the reactive oxygen species (ROS). 

 

HAT based assays detect antioxidant activity through the transfer of a hydrogen atom to 

the ROS.  This reaction can be summarized by equation 1.  The antioxidant activity is 

then established by competition kinetics with a florescence indicator, which also reacts 

with the ROS.  The decay of the florescence can then be monitored with and without 

antioxidant addition to establish the area under the decay curve and ultimately the 

antioxidant activity. 

 

Alternatively, electron transfer assays work on the basis of the transfer of an electron to 

the ROS, producing a negatively charged species, which then reacts with a hydronium 

ion generated by hydrogen ion donation from the antioxidant during oxidation to the 

quinone.  The ROS is simulated by a colored probe and the color change can be detected 

and used to not only quantify the amount of radical scavenged, but can also be expressed 

in terms of an equivalent antioxidant, such as gallic acid or Trolox for comparison. 

 

Two of the methods most commonly used in radical scavenging assays are the DPPH 

and ORAC, which are electron transferring and hydrogen donating assays, respectively. 

Additionally, there are the ABTS radical scavenging assay and the Folin-Ciocalteu assay 

for total phenolics.  Both of these assays are also considered to be electron transferring.   
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Table 1.6.1.  Antioxidant Capacity Assays      

HAT assays  ORAC (oxygen radical absorbance capacity) 

   TRAP (total radical trapping antioxidant parameter) 

   Crocin bleaching assay 

   IOU (inhibited oxygen uptake) 

   Inhibition of LDL oxidation 

ET assays ABTS (2,2´-azinobis-(3-ethylbenzothiazotine-6-sulfonic acid) 

TEAC (Trolox equivalent antioxidant capacity) 

Folin-Ciocalteu total phenolics 

   FRAP (ferric ion reducing antioxidant parameter) 

   DPPH (diphenyl-1-picrylhydrazyl) 

   Copper (II) reduction capacity 

Other assays  TOSC (total oxidant scavenging capacity) 

   Chemiluminescence 

   Electrochemiluminescence 

   Cyclic voltammetry      

 

 

The DPPH assay is considered to be an electron transfer assay.  This means that the 

DPPH radical is reduced by the antioxidant, which in turn is oxidized by the transference 

of an electron, Figure 1.6.1.  Likewise, the ABTS assay operates similarly with the 

antioxidant donating the electron to the ABTS radical.  The Folin-Ciocalteu reaction is 

based on the donation of an electron by the antioxidant to reduce molybdenum (VI) to 

molybdenum (V). 
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Figure 1.6.1.  DPPH radical molecule reaction with antioxidant molecule (AH). 
 

  

The ORAC assay is considered to be a hydrogen atom transfer (HAT) assay.  The assay 

utilizes an azo radical initiator, in this case AAPH, and a molecular probe, fluorescein.  

The fluorescein competes with the antioxidant for the peroxyl radicals formed from the 

thermal degradation of the azo compound.  The antioxidant inhibits the binding of the 

probe, thus causing a change in the fluorescence emitted.  The elementary reactions for 

this assay are as follows, where AH is the antioxidant, PH is the probe, ROO• is the 

peroxyl radical. 

ROO• + AH à ROOH + A•  (1.1) 

   A• + ROO• à ROOA   (1.2) 

ROO• + PH à ROOH + P•  (1.3) 

P• + ROO• à ROOP   (1.4) 

   

Antioxidant assays have been found to be difficult to compare due to several 

confounding factors, including assays utilizing differing methods of antioxidant action, 

and the assays not being able to reproduce the complex systems for which the 

antioxidant activity is being evaluated, as outlined by Frankel and Meyer (2000). As a 

result, direct comparisons are not possible and the activity seen in vivo can vary from the 

assay results.  Fernández-Pachón et al. (2004) expressed the total antioxidant activity 
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found in the assays in Trolox equivalents.  Doing this allows for the evaluation of the 

assay results in the same resultant units. 

 

1.6.2. Role of phenolic compounds 

Phenolic compounds are absorbed through the gastrointestinal lumen into the blood 

stream.  Since the majority of the compounds are in the form of esters, glycosides or 

polymers, they cannot be absorbed in their native form.  As a result, the polyphenols 

undergo hydrolysis and further modification following absorption (Rodrigo et al. 2011). 

Once absorbed, polyphenols primarily bind to albumin while circulating in blood.  The 

hydrophilicity of the compounds and the binding with albumin influence the phase in 

which they are found.  When the polyphenols react, the majority will interact with the 

polar head groups of phospholipids via hydrogen bonding of the hydroxyl groups.  

Phenolic interaction with proteins can occur via hydrogen, hydrophobic, ionic, or 

covalent bonding (Shi et al. 2003). The interaction can be reversible or irreversible, and is 

important for understanding the roles of phenolics in vivo.   

 

Polyphenol antioxidant effects occur from free radical scavenging (hydrogen donators 

and singlet oxygen quenching), metal chelation, and enzyme modulation (Rodrigo et al. 

2011; Shi et al. 2003). Additionally, they have antioxidant effects on cell signaling 

pathways and gene expression (Soobrattee et al. 2005). The capacity of grape seed 

phenolics to scavenge free radicals exceeds that of other more prominent antioxidants.  

The scavenging process interferes with the initiation and propagation of free radical 

chain reactions (Shi et al. 2003). 
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1.6.3. Role of ethanol 

Ethanol is a double-edged sword when it comes to antioxidant activity.  There is 

extensive epidemiological research that supports ethanol functioning in a protective 

manner, as well as causing oxidative stress.  Ethanol as a detriment has been linked to 

increased morbidity and mortality in several disease states, as well as aggravating other 

medical conditions.  Damage caused by ethanol consumption is independent of the 

amount consumed; therefore, there is much debate over the health benefits associated 

with ethanol consumption.   

 

The benefits of alcohol are associated with light to moderate consumption, 1 to 2 

drinks/d (Krenz and Korthuis 2012) and 12.5 g/d for men and 9.0 g/d for women 

(Mukamal et al. 2005). Light to moderate consumption reduces the risk of heart disease 

by 30 to 35% (Krenz and Korthuis 2012; Mukamal et al. 2005). The reported mortality 

exhibits a J-shaped curve for the degree of cardiovascular risk (Krenz and Korthuis 

2012). The benefits were also noted in groups with high risk factors, obesity, smoking, 

etc., reducing the risk below that of abstainers (Collins et al. 2009; Klatsky 2002; Krenz 

and Korthuis 2012; Mukamal et al. 2005). Although ethanol does not directly function as 

an antioxidant, its sharing of molecular mechanisms with phenolic compounds allows 

ethanol to have health benefits that are similar to those resulting from phenolic 

compounds.  The identified downstream molecular mechanisms of polyphenols and 

ethanol have significant overlap, Figure 1.6.2 (Collins et al. 2009; Krenz and Korthuis 

2012). 

 

Moderate alcohol consumption is associated with cardiac protection.  Alcohol selectively 

activates protein kinase Cε (PKCε), which is a recognized isoenzyme for cytoprotection 

in myocytes, thereby preserving the contractile function and viability of cardiac tissue 
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(Collins et al. 2009; Kanno et al. 2000; Khadour et al. 1998). In addition to activating 

PKCε, moderate alcohol consumption upregulates Endothelial nitric oxide (eNOS).  

eNOS is known to be a key regulator of vascular homeostasis (Collins et al. 2009; 

Gresele et al. 2011). Upregulating eNOS has been shown to play a protective role in 

congestive heart failure (CHF) (Khadour et al. 1998) and myocardial ischemia-

reperfusion (Kanno et al. 2000). Nitric oxide has also been demonstrated to inhibit 

smooth muscle proliferation, platelet aggregation, and monocyte adhesion (Gresele et al. 

2011; Lamas et al. 1998).   

 

Sato et al. (2004) studied cardio damage and protection in the rat heart, and showed that 

alcohol increased levels of MDA, although this detrimental effect was transient.  By 

contrast, the alcohol fed rats also had an increase in several beneficial cardio protective 

proteins: heat shock protein 70 (HSP 70), Heme oxygenase 1 (HO-1), and manganese 

superoxide dismutase (MnSOD).  These two observations demonstrate a possible means 

by which low dose chronic exposure of alcohol produces a tolerance to ischemic 

reperfusion injury and ethanol cardio protection.  Collins et al. (2009) provided further 

linking of the mechanisms of ethanol utilizing some of the same pathways to 

polyphenolic compounds in providing cardiac protection. 

 

1.6.4. Benefits of polyphenols 

Oxidative stress is caused by the generation of reactive oxidative species (ROS) and 

reactive intermediates.  Cell damage is caused through direct interaction or as 

intermediates in signaling pathways (Rodrigo et al. 2011). These compounds are 

generated primarily in the mitochondria and, when in greater concentration than the 

antioxidants present, result in increased damage.  The resulting damage can lead to many 

chronic conditions, such as arthritis, asthma, diabetes, heart disease, and others. 
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The polyphenol groups of flavonoids and phenolic acids possess antibacterial, antiviral, 

antineoplastic, anti-inflammatory, hepatoprotective, and immunomodulating properties 

(Rodrigo et al. 2011). Flavonoid and phenolic acids have antioxidant properties that are 

linked to therapeutic pharmacological effects in chronic diseases (Havsteen 1983; 

Rodrigo et al. 2011). 

 

Free radical scavenging is responsible for the inhibition of lipid peroxidation catalyzed by 

myoglobin, cytochrome c, and iron ascorbate (Meyer et al. 1997). When consumed, not 

all wine phenolics are absorbed.  These phenolics remain in the gut where they can act 

locally, inhibiting peroxidation of lipids and preventing other antioxidants from being 

oxidized (Boban and Modun 2010). As a result, the total antioxidants in the blood stream 

are increased. 

 

Metal chelation occurs via the Haber-Weiss/Fenton reactions.  This process inhibits the 

formation of ROS through catalysis involving metal ions.  The ability for chelation is 

dependent upon the number and location of OH groups on the ring (Arora et al. 1998). 

These structural modifications also influence the antioxidant activity capacity of the 

polyphenols. 

 

Phenolic inhibition of enzyme modulation can be attributed to the reduction of free 

radicals associated with inflammatory reactions (Soobrattee et al. 2005). Phenolic 

compounds isolated from Olive europaea leaf inhibit xanthine oxidase enzyme pathways, 

which are linked to gout and hyperuricemy (Flemmig et al. 2011). Inhibition of enzymatic 

pathways is only one means through which phenolics provide in vivo benefits.  Phenolic 

compounds have also been shown to induce activity that produces protection in select 

tissues (Krajka-Kuźniak et al. 2008). 
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Figure 1.6.2. (A) Cardioprotective and molecular targets of alcohol.  

 (B) Cardioprotective and molecular targets of resveratrol.  
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1.7. GRAPE MARC 

Grape marc or pomace consists of the press residues, which contain grape skins, seeds, 

and stems.  Annually New Zealand wineries produce tons of grape marc.  This waste is 

utilized for animal feed, compost, ethanol production, adsorbent, and phenolic extraction 

for use in Nutraceuticals and additives to foods and pharmaceuticals.  Of interest in this 

research is the extraction of phenolic compounds, but it is also important to understand 

the principles of the other demands for this resource. 

 

Heavy metal contamination of effluents from industrial processes is a concern for the 

environment, as they are incorporated into the tissues of animals.  Some of the 

conventional methods of removal are chemical precipitation, solvent extraction, ion 

exchange, and membrane separation (Woodard 2006). These methods are not necessarily 

cost effective, thus a search for a more economical means of removal is needed.  

Research has turned to the Agro-industry for utilization of waste products.  Villaescusa et 

al. (2004) investigated the utilization of grape stalks for the ability to remove heavy 

metals from wastewater.  The study concluded that grape stalks were capable of 

removing heavy metals, but the efficiency was pH and chloride ion dependent 

(Villaescusa et al. 2004).  

 

Utilization of the grape marc in the food industry encompasses many uses.  The marc 

has remaining sugar content and further alcoholic fermentation and distilling produces a 

grape spirit between 50% and 75% ethanol (Buglass 2011). Additionally, the high 

phenolic content in the extracts are antimicrobial (AlcarÁZ et al. 2000; Chong et al. 2009; 

García-Ruiz et al. 2008; García-Ruiz et al. 2012; García-Ruiz et al. 2011; Pastorkova et al. 

2013; Rauha et al. 2000; Stapleton et al. 2004) and can be utilized as a food preservative 

(Ahn et al. 2007; Garrido et al. 2011; Negi 2012; Serra et al. 2008). Isolation of 
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compounds from the grape marc for nutraceuticals and as functional foods has become 

an expanding business with valuation of >$100 billion for the year 2012 (Kosseva 2013). 

The extracted compounds fuel the supplement market, which is expanding because of 

the beneficial properties associated with the compounds contained in the marc and their 

low toxicity (Lluís et al. 2011; Xia et al. 2014).   

 

Of course the grape marc can also be utilized as food for livestock, composted for 

improving soils, and discarded to landfills.  Composting of grape marc is not without its 

problems, as the use of composted marc can cause short-term carbon and nitrogen 

mineralization, (Bustamante et al. 2007) an increase in the heavy metals content of the 

soil, (Nóvoa-Muñoz et al. 2008) and altering of the soil biomass (Bustamante et al. 2011). 

The health benefits associated with the compounds in the grape marc are also realized 

for livestock when fed the waste (Greenwood et al. 2012; Santos et al. 2014). The health 

benefits carry over to and have been detected in the food products produced by the 

animals (Santos et al. 2014).  

 

1.7.1. Grape Tannin Extraction 

Extraction of phenolic compounds from grape marc is influenced by several factors: 

time, temperature, solvent, and particle size, as well as the extraction method.  

Conventional extractions of polyphenols typically utilize organic solvents, water, or a 

combination of solvent and water for industrial isolation (Boussetta et al. 2009; Pinelo et 

al. 2005). These processes provide varying degrees of efficiency for the extraction and are 

linked to the extraction parameters and the solvent (Spigno et al. 2007). As the 

applications of polyphenols has expanded, alternative methods of isolation have been 

investigated to improve yield, purity, and for a green method.  However, solvent 

extraction is still the preferred method on the industrial level.   
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Solvent selection for the extraction process is an important variable because not only 

does it impact the efficiency of the extraction, it can also limit the eventual uses of the 

phenolics (Rajha et al. 2013). For this reason, solvent selection is typically limited to 

those that are approved for use in the food and pharmaceutical industries: water and 

ethanol.  Water and ethanol also represent the components responsible for the extraction 

of polyphenols in wine.  In wine, the ethanol production is required not only to 

incorporate the phenolic into the aqueous phase, but it is also required for the extraction 

from the lipid-covered portions of the grape.  It has been established that organic 

solvents in varying concentrations provide better extraction than water, but they also 

extract other compounds, making the purification process more difficult (Ju and Howard 

2003; Pekić et al. 1998; Spigno and De Faveri 2007). Pekić et al. (1998) was able to 

demonstrate that selective extraction of proanthocyanidins could be accomplished by a 

90% ethyl acetate solution. The selective nature of ethyl acetate for proanthocyanidins 

was confirmed by Spigno and De Faveri (2007). Solvents of choice are generally those 

recognized as safe, so that the extracts can be used in foods and pharmaceuticals, thus 

alteration of other variables is necessary to improve purity and yield. 

 

Temperature and time are two variables that can be easily modified to improve the 

extraction of polyphenols.  A prime example of time improving the phenolic content is 

during the wine making process, where a slow extraction of phenolics from the grapes 

occurs during the fermentation process as a result of increasing ethanol content and 

exposure to the juice.  The extraction of phenolics from grape marc needs to be faster 

and more efficient than that of the winemaking process.  In addition to the solvent 

selection, altering the temperature of the extraction process can increase the extraction 

rate and efficiency.  Increasing the solvent temperature increases the solubility of the 

solutes and the diffusion coefficients.  However, when working with polyphenols there is 
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a temperature constraint in that temperatures greater than 60°C can result in a decrease 

in the stability of molecules (Volf et al. 2014).  This must be considered when optimizing 

the extraction methods, as to achieve higher yields of thermally stable compounds, 

temperatures above the 60°C mark may be warranted. However, the costs associated 

with elevated temperatures must also be examined to assure that the process is 

economically viable for commercial use.   

 

Accelerated solvent extraction is designed to shorten the extraction time by increasing 

the solvent temperature, as a result of increasing the pressure.  Pressures of 1500 to 2000 

psi are used with temperatures as high as 180°C to facilitate deep penetration of the 

solvent into the cellular matrix and faster extraction times and higher yields (Fontana et 

al. 2013). The high pressures permit the increased temperatures, which increase the 

solvent boiling temperatures in accordance with the Ideal Gas Law.  High temperatures 

also promote the solubility of the polyphenols by weakening the forces and bonds 

associated with the solute-matrix interactions.  Accelerated solvent extraction is 

environmentally friendly since it utilizes smaller volumes of solvent, which tend to be 

those recognized to be safe.  Aliakbarian et al. (2012) used subcritical water to obtain 

recoveries of phenolics equal to using traditional solvents.  Vergara-Salinas et al. (2013) 

also used water to extract tannins and tannin adducts from grape marc, as well as 

proanthocyanidins at 50 and 100°C.  In their study, they also reached the conclusion of 

achieving concentrations equal to conventional organic solvent extractions, but having 

the advantage of decreased time and utilization of water. 

 

Supercritical fluid extraction is another technique that utilizes pressure to facilitate a fast 

extraction.  The advantages of this methodology over accelerated solvent extraction is 

that the supercritical fluid, typically CO2, is at a much lower temperature, as low as 30°C 
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(Gupta 2007). This method allows for the use of modifiers such as ethanol to alter 

polarity to obtain selectivity in extraction.  The utilization of lower temperatures ensures 

that thermal degradation of compounds can be avoided and that without the use of a 

modifier, there is no presence of an organic solvent.  de Campos et al. (2008) evaluated 

supercritical fluid extraction and found that the yield of phenolics and antioxidant 

activity was lower than that of other methods, including conventional solid liquid 

extraction.  Supercritical fluid extraction did however give better results in the extraction 

of nonpolar compounds.  Laroze et al. (2010) found only moderate extraction of 

phenolics by supercritical fluid in berry press wastes.   

 

Particle size is another variable that can affect the extraction process.  Smaller particles 

permit a greater surface area to come into contact with the solvent and increase the 

solvent permeation.  Particle size influences polyphenol extraction as a result of the rate 

of dissolution, which is expressed as the equation: 

dM/dT = KA(Cs – C) (1.5) 

where M is the mass of the solute, A is the surface area, Cs is the saturation 

concentration of solute in solvent, C is the amount of solute in the solvent, and K is the 

intrinsic dissolution rate constant (Remington 2013). From the equation we can see that 

increasing the surface area results in a faster extraction of phenolic compounds.  As a 

result of this principle the literature is filled with grape marc being milled to make a 

powder or flour prior to extraction (Ju and Howard 2003; Laroze et al. 2010; Luque-

Rodríguez et al. 2007; Spigno and De Faveri 2007). 

 

Particle size is important in all the methods, but it is especially important with solid liquid 

extraction, commonly known as conventional extraction.  Conventional extraction 

involves mixing the grape marc with the desired solvent at a given temperature; the 
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extraction may be aided by the use of ultrasound (Vinatoru 2001). Vinatoru (2001) 

demonstrated that ultrasound is a beneficial modification of conventional extraction, as a 

result of the increase in the total extractable compound concentrations. Another 

modification to the conventional extraction is enzymatic extraction, which utilizes 

pectinolytic and cellulolytic enzymes to disrupt the cellular walls to aid in extraction.  

Kammerer et al. (2005) were able to increase the extraction of phenolics over 

conventional extraction by employing the use of enzymes in a two-step extraction 

process: a pre-extraction by convention means, followed by an extraction utilizing 

enzymes.  

 

High voltage electric discharge has been employed for the isolation of polyphenols.  The 

principle of the process is that the electric discharge will produce localized temperature 

increases, bubble cavitation, and turbulence that will result in the disruption of cellular 

structures, enabling the accelerated extraction of the compounds (Boussetta et al. 2009).  

Boussetta et al. (2009) found a two-fold increase in phenolics extracted over 

conventional extraction in 40 min versus 240 min. 

 

Microwave assisted extraction (MAE) utilizes electromagnetic fields to increase the 

diffusivity of the solvent in order to maximize the extraction.  To do this, the microwave 

energy disrupts hydrogen bonds and induces dipole rotations (Afoakwah 2012).  These 

actions result in heating of the solvent, therefore care must be taken to avoid solvents, 

which can result in super heated pockets that can result in explosion.  The solvent 

chosen should have a high dielectric constant and a high dissipation factor in order to 

provide maximum heat distribution and extraction.  Water has a high dielectric constant, 

but a poor dissipation factor and therefore does not make a good choice as the primary 

solvent for MAE.   
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The rapid heating of the solvent used in MAE causes cell wall disruption, which releases 

the phenolic compounds.  Because phenolic compounds undergo thermal degradation, 

the microwaves must be optimized as to power and time to prevent losses.  Once 

optimized MAE has several benefits: reduced solvent consumption, minimal sample 

processing, moderate to high recovery rates, and can be performed in a short time.	

 

1.7.2. Reactive Polymers 

Reactive polymers are also known as active polymers.  The International Union of Pure 

and Applied Chemistry defines them as “Polymer having reactive functional groups that 

undergo chemical transformation under the conditions required for a given reaction or 

application.” (Horie 2004). The European Commission defines them as “materials and 

articles that are intended to extend the shelf-life or to maintain or improve the condition 

of packaged food; they are designed to deliberately incorporate components that would 

release or absorb substances into or from the packaged food or the environment 

surrounding the food” (EU Commission 2009). The European Commission’s definition 

best represents what the term reactive polymer means to the consumer.  It does prompt 

the question of how are the incorporated components going to improve the food and 

what are the components?  In answering how the incorporated components improve the 

food, it also provides an idea of the components that are responsible. 

 

Having outlined the role of polyphenol compounds in antioxidant and antimicrobial 

activity, section 1.4.1, it becomes apparent how polyphenols can function as an additive 

to make a reactive polymer.  These polymer blends have uses that go beyond acting as 

merely food packaging (López-Rubio et al. 2004; Negi 2012; Reddy et al. 2013) and are 

finding uses in biomedical applications (Gizdavic-Nikolaidis et al. 2004), as molecular 
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sieves (Ravi Kumar 2000), surface coatings (Guo et al. 2013), and in the pharmaceutical 

industry (Petrak 1989).   

 

The uses of phenolic compounds in polymers have been researched for their 

effectiveness as plasticizers and polymer stabilizers (Cerruti et al. 2009; Cerruti et al. 

2011).  Research into the effects of the polyphenol incorporation into polymers has 

shown increases in stability, both in thermal oxidative and non-thermal oxidative models.  

Additionally, there is a stabilization of the tensile stress at break as the polymers age 

(Ambrogi et al. 2011; Cerruti et al. 2009).  In polypropylene, Ambrogi et al. (2011) found 

that the Oxidative Induction Times (OIT)s were significantly increased with the 

introduction of  pomace extracts from grapes.  Furthermore, when investigating the 

formation of carbonyl groups, which result from the degradation of the polymer, it was 

found that after aging for 700 hours the polymers made with the grape pomace extract 

were still in the induction period (Ambrogi et al. 2011). This suggests that the pomace 

was not fully degraded and could still protect the polymer against oxidation.     

 

The improvements in the mechanical properties seen by the addition of polyphenols can 

be attributed to the added compounds acting as a melt stabilizer and the formation of 

crystallinity in the polymer.  However, Pastor et al. (2013), using chitosan and 

methylcellulose with resveratrol, found a decrease in the properties as the resveratrol 

concentration increased.  These findings were linked to the stilbene molecules altering 

the interchain hydrogen bonding and limiting the growth of the crystalline zones, thereby 

causing a flaking affect seen by scanning electron microscopy (SEM) and an increase in 

surface roughness seen by atomic force microscopy (AFM) (Pastor et al. 2013). The 

decrease in the mechanical properties of the chitosan films is supported by the work of 
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Moradi et al. (2012). However, Rubilar et al. (2013b) showed no significant differences in 

tensile properties of chitosan films with grape seed extract. 

 

The antioxidant and antimicrobial properties of phenolic compounds have been 

described in sections: 1.5 and 1.6, of this thesis.  Their effectiveness has been shown in 

vitro and in vivo, as individual compounds and in the wine matrix.  The ability of the 

phenolic compounds to become incorporated into polymers revealed their ability to alter 

the physical properties of the polymers.  Since the incorporated molecules remain active, 

logic tells us that their antioxidant and antimicrobial activity should persist.  However, as 

antioxidant activity depends on oxidant encountering antioxidant, the phenolics can be 

within the polymer to encounter molecules traversing the polymer, but antimicrobial 

activity requires the phenolics to be on the surface of the polymer to make contact with 

the organism.  This therefore presents the challenge of incorporation of natural products 

into the polymers.  There must be enough compounds on the surface to enable 

antimicrobial activity, but not so much to alter the tensile properties. 

 

The antioxidant activity of phenolics in polymers has taken on an increased role for 

investigation in the search for packaging materials with natural components.  This has 

resulted in polymers being substituted with extracts from various natural sources.  

Quilaqueo Gutiérrez et al. (2012) used murta, Ugni molinae Turcz, leaf extract in a 

carboxymethyl cellulose film to improve the antioxidant capacity by 18 fold.  Murta 

leaves are a rich source of derivatives of the phenolic compounds gallic acid, myricetin 

and quercetin (Rubilar et al. 2005). Green tea extracts have been extensively analyzed for 

their incorporation into polymers (López de Dicastillo et al. 2013; Siripatrawan and 

Noipha 2012).  When López de Dicastillo et al. (2013) examined green tea extract in 

polypropylene, they showed increased antioxidant activity over the control.  There is an 



Introduction 

54 		

additional increase in the antioxidant activity associated with the green tea extract as the 

polypropylene is increasingly grafted with maleic anhydride.  This increase in activity is 

associated with the ability of the malic anhydride to bind the phenolic compounds, 

thereby immobilizing them and limiting their release during processing and sterilization 

of the polymers.  Phenolic compound immobilization is an important aspect in the 

production of a reactive polymer.  If the antioxidant is lost during the processing or 

quickly leaches from the plastic into the environment or contents of the package, then 

the polymer is unable to provide extended protection to the package contents and the 

polymer can be oxidized and degrade more rapidly.  This was noted by Aymes-Chodur et 

al. (2006) when investigating the effects of irradiation on polypropylene containing 

phenolics used as plasticizers and oxidation inhibitors of the plastic.  

 

The effectiveness of phenolic compounds in polymers to act as active polymers for food 

packaging is being investigated with promising results.  Siripatrawan and Noipha (2012) 

investigated the use of chitosan and green tea extracts including in packaging films for 

the extension of the shelf life of pork sausages.  Lipid oxidation is a contributing factor 

to the shelf life of pork sausages, affecting sensory attributes of the odor and color.  The 

sausages contained in the chitosan green tea films had significantly less lipid oxidation 

than the control over the 20-day time period examined.  The significant lowering in lipid 

oxidation translated to a drop in off odors and a significant decrease in discoloration, 

resulting in a significant increase in sausage acceptability for those wrapped in the 

chitosan green tea film (Siripatrawan and Noipha 2012).  

 

The ability of reactive polymers to inhibit microbial spoilage is important, as roughly 48 

million Americans each year become ill from foodborne pathogens, such as bacteria and 

viruses  (CDC 2011).  Phenolic compounds have been found to be antimicrobial (Aron 
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and Kennedy 2008; Bekhit et al. 2011; Cueva et al. 2012; Cushnie and Lamb 2005; 

Friedman et al. 2007; Pastorkova et al. 2013; Stapleton et al. 2004).  Stapleton et al. 

(2004) found that the exposure of Staphylococcus aureus to flavan-3-ols resulted in an 

increase in the susceptibility of the microorganisms to β-lactam, thereby demonstrating 

the ability of phenolic compounds to work synergistically with antibiotics.  Rubilar et al. 

(2013a) examined antimicrobial properties of grape seed extracts in chitosan films and 

found that an optimal mixture of chitosan grape seed extract and carvacrol resulted in 

antimicrobial activity against several microorganisms in strawberries and salmon.  Several 

reviews of the potential antimicrobial effects of phenolic compounds extracted from 

multiple sources exist and further demonstrate the possibilities that exist to utilize grape 

marc extract for active packaging applications (López-Rubio et al. 2004; Negi 2012; 

Quintavalla and Vicini 2002). 

 

1.8. RESEARCH OBJECTIVES 

This research project is intended to assess the application of various maceration 

techniques to the production of New Zealand Sauvignon blanc and Chardonnay.  The 

desired outcome is a wine that has increased polyphenol compounds and maintains the 

signature aroma and flavor profiles associated with New Zealand wines.  This 

combination would place the New Zealand wine industry at the forefront of providing a 

white wine with increased health benefits.  Discoveries made from the research will also 

provide insights into how the components of wine interact to provide antioxidant 

activity. 

 

There are several sub-questions that must be asked in order to obtain a conclusive 

answer to the main question. For example, will the alteration of white wine production 

by the addition of a cold or cryogenic maceration step affect the levels of phenolic 
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compounds and those associated with antioxidant activity, whilst maintaining sensory 

qualities indicative of New Zealand wines?    Does a cold maceration step affect the 

phenolic and antioxidant levels?  How do the various maceration techniques affect the 

sensory characteristics, color, aromas, tastes, etc., of the wine?  The combination of 

questions may be able to shed some more light on what makes Sauvignon blanc and 

Chardonnay from New Zealand have the characteristics that are found. 

 

Wineries produce large amounts of grape wastes during the harvest season.  This waste 

stream is underutilized in New Zealand, which allows for many compounds to go 

unattained.  Contained within the waste stream are phytotoxic agents, such as tannins 

and phenolic compounds.  Development of an extraction technique for these wastes, 

which is economical, environmentally friendly, and uses only solvents approved for food 

use, is to be established.  Characterization of the extract will provide insight into the 

chemical make up and bioactivity, allowing for application research to be performed.   

 

Utilization of the bioactive extracts is essential to valorization of the waste.  The ability to 

use such a product to address the global problem of food spoilage is an added benefit.  

Research into the incorporation of grape derived extracts into polymers for active 

packaging will be performed to initiate the development of a marketable solution for 

food preservation.   
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CHAPTER 2:  MATERIALS AND METHODS 

 

2.1  CHEMICALS 

2, 2´-Azinobis-(3-ethylbenzothiazotine-6-sulfonic acid), (ABTS), (Sigma-Aldrich Corp., 

St. Louis, MO, USA) 

2, 2´-Azobis (2-methylpropionamidine) dihydrochloride, (AAPH), (Sigma-Aldrich Corp., 

St. Louis, MO, USA) 

2, 2-Diphenyl-1-picryhydrazl, (DPPH), (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Acetonitrile, (Scharlau, Sentmenat, Spain) 

Agar, (Hach Pacific, Penrose, Auckland, New Zealand) 

Amberlite FPX-66, (Dow Chemicals Ltd., Auckland, New Zealand) 

Argon, (BOC, Auckland, New Zealand) 

Butylated hydroxyanisole (BHA), (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Carbon dioxide, gas, (BOC, Auckland, New Zealand) 

Carbon dioxide, dry ice, (BOC, Auckland, New Zealand) 

Citric acid, (Damar Industries Ltd, Te Ngae, Rotorua, New Zealand) 

Copper sulfate, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

D47 yeast, (Lalvin, Montreal, Canada) 

Dichloromethane, 

Disodium hydrogen phosphate, (Scharlau, Sentmenat, Spain) 

Dynastart, (Laffort, Bordeaux, France) 

EC-1118 yeast, (Lalvin, Montreal, Canada 

Ethyl alcohol, (Scharlau, Sentmenat, Spain) 

Ethyl cellulose (22cps) 48% ethoxy content, (Acros, Geel, Belgium) 

Ethyl propiolate (ETP), (Sigma-Aldrich Corp., St. Louis, MO, USA) 
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Fluorescein, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

 Folin-Ciocalteu reagent, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Grape seed extract (Tarac Industries PTY, Nuriootpa, SA, Australia) 

Methyl alcohol, (Scharlau, Sentmenat, Spain) 

Nitrogen, (BOC, Auckland, New Zealand) 

Nutrastart, (Laffort, Bordeaux, France) 

Nutriferm, Energy, (Enartis, Trecate, Italy) 

Nutriferm, Special, (Enartis, Trecate, Italy) 

Ortho-phosphoric acid, (Ajax Finechem, Ltd PTY, Sydney, NSW, Australia) 

Polyethylene, high density (HDPE) HMA-025, (ExxonMobile Chemical Asia Pacific, 

Singapore, Thialand) 

Polyethylene, linear-low density (LLDPE) Dowlex 2517, (Dow Chemical Company, 

Midland, MI, USA) 

Polyethylene terephthalate (PET), (Sinopec, Beijing, China) 

Polypropylene (PP) PP-9302 E, (ExxonMobile Chemical Asia Pacific, Singapore, 

Thialand) 

Potassium iodide, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Potassium metabisulfite, (Enartis, Trecate, Italy) 

Potassium persulfate, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Potassium Sodium Tartrate, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Sodium chloride, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Sodium dihydrogen phosphate, (Scharlau, Sentmenat, Spain) 

Sodium hydroxide, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Sodium hydroxide, caustic soda, 48%, (Andrew Chemicals, Te Ngae, Rotorua, New 

Zealand) 

Sodium thiosulfate, (Ajax Finechem, Ltd PTY, Sydney, NSW, Australia) 
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Starch, corn, (Cream, A.E Staley Manufacturing Company, Decatur, IL, USA) 

Tartaric acid, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Tryptic soy broth (TSB), (Hach Pacific, Penrose, Auckland, New Zealand) 

Ultrapure water, (18-Ohm) Barnsted NanoPure water system, (Thermo Fisher, Waltham, 

MA, USA) 

 

2.2 REFERENCE MATERIALS 

2-Methoxy-isobutylpyrazine (IBMP), (Acros Organics, Geel Belgium) 

3, 4-Dihydroxycinnamic acid (caffeic acid), (Sigma-Aldrich Corp., St. Louis, MO, USA) 

3-Mercapto-1-hexanol (3MH), (Acros Organics, Geel Belgium) 

d2-3-Mercapto-1-hexanol (d2-3MH), The University of Auckland (Hebditch et al. 2007) 

3-Mercaptohexyl acetate (3MHA), (Oxford Chemicals, Seaton Carew, UK) 

d2-3-Mercaptohexyl acetate (d2-3MHA), The University of Auckland (Hebditch et al. 

2007) 

4-Hydroxy-3-methoxycinnamic acid (ferulic acid), (Sigma-Aldrich Corp., St. Louis, MO, 

USA) 

4-hydroxycinnamic acid (ρ-coumaric acid), (Sigma-Aldrich Corp., St. Louis, MO, USA) 

6-Hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid, (Trolox), (Sigma-Aldrich 

Corp., St. Louis, MO, USA) 

Ascorbic acid, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

(+)-Catechin, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

(-)-Epicatechin, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Epicatechin gallate, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Epigallocatechin, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Epigallocatechin gallate, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

d5-Ethyl butanoate, (CDN Isotopes, Quebec, Canada) 
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Gallic acid, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Glutathione, reduced, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Hexanol, (Fluka, Aldrich, St. Louis, MO, USA) 

(Z)-3-Hexen-1-ol, (Fluka, Aldrich, St. Louis, MO, USA) 

(Z)-3-Hexenyl acetate, (Fluka, Aldrich, St. Louis, MO, USA) 

Hexyl acetate, (Acros Organics, Geel Belgium) 

d3-n-Hexyl acetate, (CDN Isotopes, Quebec, Canada) 

d11-n-Hexyl alcohol, (CDN Isotopes, Quebec, Canada) 

Hydroxyphenol ethanol, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Kaempferol, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

d2-3-Methyl-1-butyl alcohol, (CDN Isotopes, Quebec, Canada) 

d3-Methylbutyl acetate, (CDN Isotopes, Quebec, Canada) 

d5-β-Phenylethanol, (CDN Isotopes, Quebec, Canada) 

d5-β-Phenylethyl acetate, (CDN Isotopes, Quebec, Canada) 

Poly-(3-aminobenzoic acid) (P3ABA), (previously synthesized at The University of 

Auckland, Auckland, New Zealand) 

Quercetin, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Resveratrol, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Rutin, (Sigma-Aldrich Corp., St. Louis, MO, USA 

Syringic acid, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Vanillic acid, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

Vanillin, (Sigma-Aldrich Corp., St. Louis, MO, USA) 

 

2.3 WINE MAKING PROCESS 

Grapes were harvested from the Oyster Bay Vineyard, Figure 2.3.1. (Esri 2013) The 

geographic coordinates of the four corners of the vineyard are: latitude (LAT) -41.51186, 
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longitude (LONG) 173.76976, altitude (ALT) 66 m; LAT -41.511926, LONG 

173.778406, ALT 59 m; LAT -41.508354, LONG 173.769558, 71 m; LAT -41.507712, 

LONG 173.778075, ALT 65 m.  Harvest occurred once the grapes reached commercial 

ripeness as determined by Delegat’s Wine Estate.  The berry clusters were harvested by 

hand utilizing a harvesting method, which took into account the vine clone, rootstock 

and position of the cluster on the vine.  Harvest occurred over the entire growth block to 

ensure that each combination of rootstock and varietal clone was represented.  Clusters 

were harvested along the entire row, passing over vines in between the vines where 

harvesting had occurred. 

 

Harvesting of the berry clusters was undertaken by differentiating the clusters into one of 

three growth regions: high, middle, and low.  Further differentiation occurred by passing 

an imaginary plane through the vine system in accordance to the trellising system 

resulting in a front and back plane.  This differentiation system provided six regions for 

berry clusters to be harvested from.  Utilizing these regions, the pickers would then 

harvest clusters from the six quadrants to supply a representative sample of the entire 

vineyard block.  A representative harvesting pattern would be front high, front middle, 

front low, back high, back middle, back low, repeat pattern. 

 

Utilization of these methods allowed for a representative sampling of the entire vineyard 

block taking into consideration the environmental factors.  Factors accounted for are:  

sun exposure, shading, wind, temperature differentials, and irrigation. 

 

The harvested clusters were then placed into bags lining harvest buckets.  Care was 

taking not to crush the berries and to limit the weight of the berries pressing down on 

each other.  Clusters were harvested in the morning, from approximately 0900 to 1030, 
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Figure 2.3.1.  Harvest area, outlined in red, in the Marlborough region of New Zealand.

 

and were placed into a refrigerated room following weighing.  The clusters had 

potassium meta-bisulfite added at a rate of 60 mg/kg of grapes prior to sealing the bags 

for shipping.  Grapes were shipped from Blenheim to The University of Auckland Wine 

Hall via refrigerated courier.  

 

For the 2014 and 2015 vintage, grapes were hand harvested as described above; however, 

the grapes were processed in Marlborough according to the maceration protocols, 

sections 2.3.1 to 2.3.6.  Additionally, machine harvested Sauvignon blanc grapes from 

vineyards which were hand harvested prior were collected at the winery and processed 

according to sections 2.3.1 and 2.3.3. 
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2.3.1 Standard Wine Making Protocol 

The standard wine protocol was designed to represent the processes commonly found in 

the commercial production of wines.  The process consists of weighing the whole grapes 

to be processed.  The clusters were then destemmed and crushed utilizing a destemmer – 

crusher (Enoventa Tecnologie Enologiche, Piazzola sul Brenta, Italy).  The stems and 

leaf material were discarded and the resulting grape pulp juice was collected and placed 

into a basket press (Zambelli Enotech, Camisano, Italy).  The free run juice was collected 

and the basket press pressure was increased to 3 bar and maintained until the juice 

production slowed almost to a stop.  The pressure was then released and the formed 

cake was fluffed by hand and pressure reapplied until juice flow ceased. 

 

The collected juice was then combined and placed at -4 ˚C for 24 hours (h) to allow for 

precipitation of the heavy lees.  The juice was then transferred off the lees into 

fermentation vessels.  Yeast was prepared at 125 mg/L.  Nutrients were added at yeast 

rehydration (Dynastart at 125 mg/L in 2013 and Nutriferm Energy at 100 mg/L in 

subsequent years for Sauvignon blanc and Nutriferm Energy at 120 mg/L for the 2014 

Chardonnay trial) and at 48 h (Nutristart at 50 mg/L in 2013 and Nutriferm Special at 50 

mg/L in subsequent vintages). Ferments were monitored and placed at -4 ˚C upon 

reaching fermentation dryness.   

 

Ferments were allowed to stand for 48 h at -4 ˚C to allow for cold stabilization and 

precipitation of the lees.  Wines were then racked to fresh containers and allowed to 

settle for an additional 14 days.  Wines were then bottled with the addition of 20 ppm 

sulfur dioxide for preservation. 
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2.3.2 Maceration Protocol 

The maceration protocol is designed to increase the time that the juice is in contact with 

the skins and seeds of the grapes.  Extending the skin contact allows for phenolic and 

aroma compounds to be extracted into the juice, thus providing a wine higher in 

antioxidant activity and increased aromas. 

 

The berry clusters were weighed prior to processing through the crusher – destemmer.  

The leaves and stems were disposed of whilst the grape juice, pulp, skins and seeds was 

collected and placed into storage containers which were stored at -4 ˚C for 24 h.  Storage 

at -4 ˚C was done to inhibit the growth of unwanted microbes.  Following the 24 h cold 

maceration the musts were pressed and wines fermented following the standard wine 

protocol outlined in section 2.3.1. 

  

2.3.3 Cryogenic Maceration Protocol 

The cryogenic maceration protocol was designed to increase the extraction of phenolic 

compounds.  The method was based on the knowledge of the rapid formation of ice 

crystals forming in the cells, which would result in the rupture of the cell walls, giving 

rise to the release of an increased amount of phenolic compounds into the juice. 

 

For the 2013 vintage, the berry clusters were weighed and placed into containers with dry 

ice.  The storage containers were transferred to -4 ˚C for 24 h to maintain the frozen 

state of the grapes.  The grapes were subsequently removed from the -4 ˚C storage and 

processed through the crusher – destemmer.  The juice, skins, pulp and seeds were 

retained and allowed to thaw at 15 ˚C, after which the mixture was placed into a basket 
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press and the free run juice was collected.  The juice was fermented and wines prepared 

following the standard wine protocol outlined in section 2.3.1. 

 

For the 2014 vintage, the grapes were crushed and destemmed prior to the freezing of 

the musts with dry ice to a temperature of -20 ˚C.  Once this temperature was reached 

the musts were allowed to thaw at the winery temperature of 15 ˚C prior to pressing and 

following the standard wine protocol, section 2.3.1. 

 

2.3.4 Carbonic Maceration Protocol 

Carbonic maceration is a technique typically utilized with red grape varietals.  The 

resultant wine is light and fruity.  The process also allows for extended skin contact to 

occur.  Carbonic maceration also allows for a small amount of alcohol to be produced 

via enzymatic fermentation.  The produced alcohol will aid in the extraction of phenolic 

compounds from the skins and seeds. 

 

Whole grape clusters were placed into 15 L stainless steel pressure vessels (Tao et al. 

2007) previously purged with carbon dioxide, CO2.  The vessels were then sealed and 

CO2 was added to disperse any oxygen remaining in the vessels.  The vessels were placed 

at 25 ˚C for eight days; in the 2014 vintage the vessels were placed at 15 ˚C for ten days.  

Each day the vessel was weighed and CO2 was added to displace any oxygen that may 

have entered into the system.  The grapes were subsequently removed from the 25 ˚C 

storage and processed through the crusher – destemmer then the standard wine 

protocol, section 2.3.1, was followed.   
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2.3.5 Cryogenic Carbonic Maceration Protocol 

Cryogenic maceration is designed to rupture the cells by rapid freezing thus releasing the 

phenolic contents into the juice.  This can make for an astringent wine.  Carbonic 

macerated wines are noted for their fruit flavors.  The incorporation of the two into one 

technique was an attempt to merge the best parts of the two individual techniques, high 

phenolic extract and a fruity flavor.   

 

Whole grape clusters were placed into 15 L stainless steel pressure vessels previously 

purged with carbon dioxide, CO2.  Dry ice was then added to rapidly freeze the grapes.  

The vessels were then sealed and CO2 was added to disperse any oxygen remaining in the 

vessels.  The vessels were placed into a -20˚C freezer for 24 h.  Following the 24 h freeze 

the vessels were removed -20˚C freezer, had the CO2 replenished and placed at 25 ˚C for 

eight days.  Each day the vessel was weighed and CO2 was added to displace any oxygen 

that may have entered the system. 

 

The grapes were subsequently removed from the 25 ˚C storage and processed through 

the crusher – destemmer and the standard wine making protocol, section 2.3.1, was 

followed. 

 

2.3.6 On-skin fermentation 

Extended skin contact is typically done at low temperatures to increase white wine 

aromas and textures.  Red wines are typically fermented on skins to not only increase the 

texture of the wine but also the color.  Applying this technique to Chardonnay grapes, it 

is hoped to increase the phenolic content and not result in an astringent/bitter wine.  
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Chardonnay wines are noted for increased mouth feel attributes over other white wines, 

such as Sauvignon blanc, which makes this varietal ideal for application of this technique. 

 

The berry clusters were weighed prior to processing through the crusher – destemmer.  

Again the leaves and stems were disposed of whilst the grape juice, pulp, skins and seeds 

was collected and placed into fermentation containers.  The containers were placed at 15 

˚C and inoculated with yeast at mg/L.  Nutrients were added at yeast rehydration 

(Nutriferm Energy at 120 mg/L) and at 48 h (Nutriferm Special at 50 mg/L).  During 

fermentation the cap was submerged and broken up by mixing the must with a punch 

down tool.  Ferments were monitored and placed at -4 ˚C upon reaching fermentation 

dryness.   

 

Following the alcoholic fermentation the must was placed into a basket press and the 

free run juice was collected.  Pressure was then applied and the resultant juice was 

collected until flow slowed and ceased.  The pressure was removed and the cake fluffed.  

Pressure was then applied again with the juice being collected until flow stopped.  The 

wine fractions were combined and placed into -4 ˚C for 24 h to allow for precipitation of 

the heavy lees. 

 

Wines were allowed to stand 48 h at -4 ˚C to allow for cold stabilization and precipitation 

of the lees.  Wines were then racked to fresh containers and allowed to settle for an 

additional 14 days.  Wines were then bottled adding 30 ppm sulfur dioxide for 

preservation. 
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2.4  SAMPLES 

2.4.1 Wine and juice samples  

The wine experiments had various sample collection time points.  Juice sample collection 

followed the mixing of the grape juices after pressing.  Wine samples were collected at 

the finish of fermentation and at bottling.  

 

2.4.2 Commercial wine samples 

Industrial samples were obtained post blending and bottling.  The samples were obtained 

as an industrial control for the aroma and flavor profiling.  The industrial wine 

processing technique was different from the experimental control in three main factors: 

one, the berries were machine harvested; two, the presses utilized were able to reach 

much greater pressures whilst pressing the grapes, thus creating multiple press fractions 

containing varying degrees of phenolic and aroma compounds removed; and three, the 

blending of the wines from the fermented press fractions.  Blending of the fractions 

allows for the enhancement of selected attributes from each fraction to appear in the 

final wine. 

 

2.4.3 Agro-waste extraction samples 

Winery grape marc was obtained in the 2014 and 2015 vintages.  The 2014 vintage was 

obtained from the Marlborough region following the pressing of the white grapes and 

was an unidentified blend of Sauvignon blanc and Chardonnay.  Samples of the 2015 

vintage were obtained after pressing and their grape profiles were obtained.  Chardonnay 

and a blend of Malbec, Cabernet franc, and Merlot, used for rosé, were obtained from 

the Waiheke Island region and Sauvignon blanc was obtained from the Marlborough 
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region.  Bulk samples of marc were maintained at -4 °C until processing or were 

aliquoted into 10 kg lots and maintained at -20 °C.    

 

Samples of the extracts obtained from the marc were taken following the extraction, 

purification and drying process.  The obtained powders were kept in a desiccator.  A 

commercially obtained extract was obtained for polymer studies and as a comparison to 

the extract obtained from the developed methodology. 

 

2.4.4 Polymer blends 

Samples of the polymer blends were obtained for analysis after the blending process and 

film formation by hot pressing.  In the case of the solution blended ethyl cellulose films, 

the samples were obtained upon completion of the drying process.  Films were then cut 

into appropriate sized pieces for implementation of the testing. 

 

2.5 ANALYTICAL ANALYSIS 

2.5.1 Antioxidant assays 

2.5.1.1 DPPH Assay 

The DPPH antioxidant assay was performed utilizing a modified procedure of those 

described in Villano et al. (2007), Mitic et al. (2010) and De Beer et al. (2003). DPPH 

radical solution was made by dissolving 12.5 mg DPPH in 0.5 L of 80 percent methanol 

for a 63.4 µM solution.  A Trolox stock solution was made at 1.4 mM in concentration.  

Dilutions were made to yield final concentrations of 35, 17.5, 8.75, 3.5, 1.75, 0.875 and 

0.35 µM Trolox. 
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To 3.9 mL of DPPH solution 0.1 ml of Trolox dilutions, appropriately diluted sample, or 

blank (methanol) was added.  The solutions were then incubated at 37 ˚C for 30 minutes, 

shielded from light.  The solutions were then assayed in a 10 mm cuvette on a Thermo 

Helios gamma spectrophotometer (ThermoFisher Scientific, Waltham, MA, USA) set to 

read absorbance at 515 nm until a constant absorbance was achieved. 

 

The absorbances were entered into Excel and a Trolox concentration curve was 

established by plotting the absorbance against the Trolox concentration, R2 = 0.99912 

and y = -1.0981x + 0.4475.  This curve was then utilized to extrapolate the antioxidant 

capacity of the samples as Trolox equivalents (TE). 

 

Application of the DPPH assay to the polymeric films was performed as follows.  A 

triplicate rinse of 20 cm2 total surface area sections of the films with distilled water was 

done to remove any dust.  The film was placed in a vial followed by adding 20 mL of the 

63.4 µM DPPH solution.  The vials were shielded from light and allowed to incubate at 

room temperature for 24 hours.  Using a 1:2 (DPPH:80% methanol) serial dilution, a 

standard curve of DPPH absorbance at 515 nm versus DPPH concentration was 

produced.   

 

Following 24-hour incubation the absorbance at 515 nm of the DPPH solution 

containing the films was obtained.  Extrapolation of the concentration of DPPH radical 

scavenged from the concentration curve provided the percent DPPH scavenged with 

DPPH scavenged per cm2 being calculated.  Values were subjected to Tukey-Kramer 

HSD, or Dunnett’s Test with control statistical analysis as appropriate. 
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2.5.1.2 ORAC assay 

The oxygen radical absorbance capacity - fluorescein assay (ORAC-FL) was performed 

following the method outlined by Dávalos et al. (2003) Phosphate buffer was made by 

dissolving 2.33 g NaH2PO4 and 15.56 g Na2HPO4 in 1 L of Milli-Q water.  This resulted 

in a 75 mM phosphate buffer at pH 7.4 for use as a diluent.  Trolox, 2.5 mg was 

dissolved in 100 mL of the buffer for a 100 µM stock solution, which was diluted for 

final concentrations of 1, 2, 3, 4, 5, 6, 7, and 8 µM standard solutions.  

 

A 1.17 mM solution of fluorescein was made by dissolving 3.888 mg of fluorescein in 10 

ml of phosphate buffer.  This solution was stable for up to 4 weeks at 4 ˚C.  On the day 

of the assay, the 1.17 mM stock solution was diluted by transferring 100 µL to a 1 L 

volumetric flask and bringing to volume with 75 mM phosphate buffer.  The AAPH 

solution was made by dissolving 2.75 g in 100 mL of phosphate buffer and was made 

fresh on the day of the assay. 

 

20 µL of each Trolox concentration and appropriately diluted sample were placed into a 

black 96 well plate.  Trolox was assayed in duplicate and the samples in triplicate.  Blanks 

of phosphate buffer and model white wine were run in triplicate each and loaded on the 

plate at 20 µL each.  To this 120 µL of the fluorescein solution was added to each well 

and the mixture incubated at 37 ˚C for 15 min.  Following the incubation 60 µL of the 

AAPH solution was added to each well and the plate read on a PerkinElmer Enspire 

2300 Multilabel Reader (PerkinElmer, Waltham, MA, USA).  The instrument was set to 

take readings at every minute for 80 minutes at an extinction of 485 nm and emission of 

535 nm. 
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The data was transferred to Excel and plotted for each sample and a resulting curve was 

generated.  The area under the decay curve (AUC) was calculated utilizing the formula: 

AUC = 1 + ∑ fi/f0 (2.1) 

where f0 is the initial fluorescence reading at zero minutes and fi is the fluorescence 

reading at time i.   

 

A concentration curve of AUC versus Trolox concentration was calculated, y=494566x 

+ 3x10-6, R2 = 0.97889.  The AUC of the samples was then used to extrapolate Trolox 

equivalent values (TE).   Values were subjected to statistical analysis using Tukey-Kramer 

HSD. 

 

2.5.1.3 ABTS Assay 

The ABTS radical scavenging method utilized for the analysis of ethyl cellulose polymer 

films is a modified version of the method presented by Re et al. (1999) In the assay, a 7 

mM ABTS solution is reacted with a potassium persulfate solution for a final 

concentration of 2.45 mM potassium persulfate.  The solution was mixed well and placed 

in the dark overnight at room temperature for generation of the ABTS radical cation 

(ABTS+).  Absorbance of the resulting solution was determined at 734 nm and the 

solution was diluted to a working absorbance of 0.7 ± 0.1 AU. 

 

Polymer films were cut into 10 cm2 portions (20 cm2 total surface area) and rinsed with 

deionized water.  The rinsed strips were submerged in 20 mL of ABTS+ solution.  The 

solutions were then placed at 30 °C for 60 min, shielded from light.  Following 

incubation, the absorbance was measured at 734 nm.  The percent ABTS+ ion scavenged 

was then calculated and statistical analysis was performed using Tukey-Kramer HSD. 



Materials and methods 

73 		

2.5.2 Gas Chromatography – Mass Spectrometry (GC-MS) 

Thiol and C-6 compound analysis was performed on an Agilent 6890N GC equipped 

with a 5973 inert MS detector (Agilent Technologies, Inc), while the methoxypyrazines 

and esters were analyzed on an Agilent 7890A GC equipped with a 5975C MS detector 

(Agilent Technologies Inc) and a Gerstel MPS2 autosampler (Gerstel, Mülheim an der 

Ruhr, Germany).   

  

Gas chromatography enables the separation of volatile compounds; in the utilized 

applications fused silica columns were employed.  The samples were introduced by one 

of two methods: the first being direct injection of the liquid sample into the heated 

injection port, causing the sample to be volatilized and transported by the carrier gas; the 

second is by SPME fiber absorption of the sample and subsequent desorption in the 

injection port.  When using the SPME fiber, the sample is heated and mixed while the 

fiber is exposed to the headspace in the sample vial, which allows for the fiber to absorb 

the sample.  Desorption occurs as a result of the heated injection port and the flow of 

carrier gas across the fiber.   

 

In both instances, the carrier gas then transports the volatilized sample to the column 

where interactions occur between the analytes and the column packing.  To facilitate 

separation and elution of the analytes, the column is placed in a thermally controlled 

environment, an oven, which subjects it to temperature and time ramps.  As the analytes 

are eluted from the column, they are emitted into a mass spectrometer, which provides 

the determination of the analytes by scanning for selected ions associated with the 

fragmentation of the analyte.  Additionally, the analytes can be identified by their 

retention times versus the retention times of standards or their linear retention index.  
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Analytes were quantified by the use of internal standards added during sample 

preparation. 

 

2.5.2.1 Varietal Thiols 

Varietal thiols were detected using the method of Herbst-Johnstone et al. (2013b).  

Thiols underwent a derivatization with ETP and extraction from 50 mL of wine.  To the 

wine 2 mM BHA, 0.3 nmol d2-3MHA, and 1.5 nmol d2-3MH, as internal standards, and 

100 mM ethanolic ETP solution was added and mixed for 2 min.  The pH of the 

solution was then adjusted to 10.0±0.1 and mixed for an additional 10 min at 500 RPM.  

The samples were then centrifuged for 10 min at 6000 rpm and the supernatant passed 

through a Superclean™ ENVI-18 1g/6mL SPE cartridge (Supelco, Castle Hill, NSW, 

Australia), previously activated with 10 mL of methanol and washed with 18-Ohm water 

attached to a Biotage VacMaster-10 sample processing manifold.  The thiols were eluted 

with 10 mL dichloromethane and concentrated with a nitrogen stream. The samples were 

analyzed on a 6890 N gas chromatograph (Agilent Technologies, Inc) using an Agilent 

HP-INNOWax capillary column (60 m × 0.250 mm ID, 0.25 µm film thickness) in 

combination with a 5973 mass selective detector operating in the SIM mode (d2-3MHA-

ETP 276, 231, 85 m/z; 3MHA-ETP 274, 229, 83 m/z; d2-3MH-ETP 234, 189,134 m/z; 

3MH-ETP 232,187,132 m/z).  Chromatographic conditions were inlet, 250°C; injector, 2 

µL in the pulsed splitless mode; helium flow rate, 1.2 mL/min; oven temperature, 150°C 

for 2 min followed by an increase to 250°C at a rate of 10°C/min and held for 10 min.; 

interface line 250°C; ion source, 250°C, operating in the electron impact mode at 70 eV; 

and the quadrupole at 150°C.  Samples were kept cooled to 9°C and analyzed in 

duplicate.  Obtained data was analyzed using MSD ChemStation software for GC 

version (E.02.02.1431), (Agilent Technologies, Inc). 
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2.5.2.2 Methoxypyrazines 

IBMP was detected using the method outlined by Herbst-Johnstone et al. (2012) using 

an Agilent 7890 gas chromatograph equipped with a 5975C inert XL MSD, attached to a 

Gerstel multipurpose sampler (Linthicum, MD, USA) operating in the SPME mode with 

a 2 cm, 23-Gauge, 50/30 µm, DVB/CAR/PDMS combination fiber (Supelco, 

Bellefonte, PA, USA) and a tandem column composed of a 30 m × 0.320 mm × 0.25 µm 

HP-1MS column and a 30 m × 0.320 mm × 0.25 µm HP-INNOWax-fused silica column 

(Agilent Technologies).  

 

The instrumental conditions for analysis were inlet, 250°C; injection port, 250°C; helium 

flow rate, 1.8 mL/min; transfer line, 250°C; oven temperature, 60°C for 5 min, increased 

to 170°C at a rate of 4°C/min, increased again to 240 °C at a rate of 50 °C/min and held 

for 5 min, then returned to 60 °C at a rate of 40 °C/min for a total run time of 40 min; 

interface temperature, 250 °C; ion source, 230 °C, operating in the electron impact mode 

at 70 eV; and the quadrupole at 150 °C.   Ions monitored in the SIM mode were 137, 

152, and 124 m/z (MIPP), 127, 154, and 169 m/z (D3-IBMP), and 124, and 151, and 166 

m/z (IBMP).  

 

Sample preparation involved volumetric transfer of 1.6 mL of wine, 6.4 mL of distilled 

water, 2 mL of 4 mol/L sodium hydroxide and 37.5 µL of internal standard mix into a 

20 mL brown headspace vial containing 3 g of sodium chloride and purged with argon. 

Samples were incubated at 40 °C for 5 min with agitation at 500 RPM followed by a 40 

min incubation with the fiber for volatile absorption.  Desorption occurred at the 

injection port over a period of 10 min in the splitless mode.  Obtained data was analyzed 

using MSD ChemStation software for GC version (E.02.02.1431). 
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2.5.2.3 Esters 

Esters, higher alcohols, terpenes, C6-alcohols, and fatty acids were analyzed on an Agilent 

7890 gas chromatograph equipped with a 5975C inert XL MSD, a Gerstel multipurpose 

sampler (Linthicum, MD, USA) operating in the SPME mode with a 2 cm, 23-Gauge, 

50/30 µm, DVB/CAR/PDMS combination fiber (Supelco, Bellefonte, PA, USA) and a 

tandem column composed of a 30 m × 0.320 mm × 0.25 µm HP-1MS column and a 30 

m × 0.320 mm × 0.25 µm HP-INNOWax-fused silica column (Agilent Technologies) 

following the method proposed by Jouanneau et al. (2012).  

 

The instrumental conditions for esters, higher alcohols, terpenes, C6-alcohols and fatty 

acids analysis were injection port, 250 °C; helium flow rate, 1 mL/min; oven 

temperature, 40 °C for 5 min, raised to 200 °C at 2°C/min and maintained for 5 min, 

raised to 240 °C at 80 °C/min and held for 5 min, before cooling to 40 °C at 80 °C/min 

and held for 5 min for a total run time of 95.5 min; interface temperature, 250 °C; ion 

source, 230 °C, operating in the electron impact mode at 70 eV; and the quadrupole at 

150 °C.   

 

Sample preparation was performed by the addition of 1 mL of wine, 9 mL 18-Ohm 

water, and 50 µL of an 8 deuterated sample mix to a 20 mL brown headspace vial 

containing 3 g sodium chloride and purged with argon.  Samples were incubated for 10 

min at 45 °C and agitated at 500 RPM on the Gerstel sampler prior to exposure of the 

SPME fiber for 50 min to capture the volatiles.  Desorption from the fiber was done in 

the splitless mode over 10 min at 250°C.  Obtained data was analyzed using MSD 

ChemStation software for GC version (E.02.02.1431).  
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2.5.3 High performance liquid chromatography  

High performance liquid chromatography is the most widely used method of detection 

for phenolic compounds in wine (Xu and Howard 2012). The methods have utilized 

several detection methods, columns and mobile phases for the quantification of the 

analytes (Stalikas 2007). Most notable has been the use of an UV/Vis Diode Array 

Detector (DAD) to monitor wavelengths specific to the classification of the compounds.  

The drawback to this technique has been the sensitivity of detector (Acworth 1997). 

UV/Vis detectors are capable of detection at the nanogram range (Swartz 2010). 

However, electrochemical detection (ED) is capable of detecting analytes at the 

pictogram range (Swartz 2010). The ability of ED to produce results at this level is 

dependent on the detector geometry, surface area of the working electrode, flow rate, etc. 

(Shalliker 2012).  

 

Antioxidant and phenolic compounds were isolated and quantified on an Agilent 1100 

high performance liquid chromatography (HPLC) system (Agilent Technologies, Inc., 

Santa Clara, CA, USA).  The system consisted of a G1379A degas unit, G1311A 

quaternary pump, G1313A auto-sampler, G1316A column heater, G1315B DAD UV-

Vis detector, and an ESA Coulochem III electrochemical detector (ECD) (ThermoFisher 

Scientific, Waltham, MA, USA).  The ECD was connected to the ChemStation software 

via an Agilent 3590E Interface.  Analytes were detected by the ECD with a 5020 guard 

cell and 5010A analytical cell and by UV/Vis at the appropriate wavelength.  The HPLC 

was controlled and data analyzed using ChemStation for LC version (Agilent 

Technologies, Inc) for the 2013 vintage and Open Lab CDS, ChemStation for LC, 

Revision C.01.06 [61] with LC modules A.02.09 [018] and A.02.09 [453.03] (Agilent 

Technologies, Inc) for the 2014 and 2015 vintages. 
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2.5.3.1 Phenolic Compounds 

Chromatographic conditions: 

Sample analysis was performed utilizing the method for analysis by HPLC developed in 

the laboratory and described in Olejar et al. (2015a).  Furthermore, the method validation 

of this method is outlined in Chapter 3.  Briefly, chromatography was performed on an 

Agilent 1100 HPLC equipped with an ESA CouloChem electrochemical detector.  The 

assay uses a Supelco Ascentis RP-amide column (3.0×100 mm, 3 µm) at 42°C.  Separation 

was enacted using a gradient method with two mobile phases.  Mobile phase A was 30 mM 

phosphate buffer at pH 2.5, mobile phase B was a 30:60:10 mix of 100 mM phosphate 

buffer, acetonitrile, and methanol at a final pH of 2.7.  The gradient was 0 to 10 min, 12% 

B; 10 to 15 min, 30% B; 15 to 17.5 min, 55% B; 17.5 to 21 min, 100% B; 100% B for 2 

min then return to 0% over 2 min then equilibrate for 5 min. 

 

Sample preparation: 

Standards were dissolved in ethanol and diluted to working concentrations of 100 µg, 50 

µg, 10 µg, 5 µg, 1 µg, 500 ng, 100 ng, 50 ng, and 10 ng/mL in model white wine.  Standard 

solutions were filtered through a 0.45 µm syringe filter into amber glass vials and sealed 

with rubber/PTFE septum crimp closures.  Samples were prepared by filtering through a 

0.45 µm syringe filter into amber glass vials and sealed with rubber/PTFE septum crimp 

closures. 

 

2.5.3.2 Glutathione  

Chromatographic conditions: 

Sample analysis was performed utilizing a modified method of Smith et al. (1995) and 

presented by Makhotkina et al. (2014).  Validation of this method is outlined in Chapter 
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4.  Briefly, chromatography was performed utilizing a Luna (2) column, 250 x 4.6 mm 

I.D.; 5 µm particle size (Phenomenex, Torrance, CA, USA).  Mobile phase A consisted 

of 10 mM phosphate buffer, pH 5.0, mobile phase B methanol, mobile phase C 

acetonitrile.  All mobile phases were vacuum degassed and filtered through a 0.45 µm 

filter.  Elution occurred utilizing the following gradient; 0-12 min 95% mobile phase A, 

5% mobile phase B, 0% mobile phase C, 12-15 min 45% mobile phase A, 5% mobile 

phase B, 50% mobile phase C, 15-17 min 20% mobile phase A, 5% mobile phase B, 75% 

mobile phase C, 17-20 min 95% mobile phase A, 5% mobile phase B, 0% mobile phase 

C, total run time 40 min.  Flow rate was 0.4 ml/min.  The UV-Vis detector was set to 

260 nm for detection of ascorbic acid.  The electrochemical detector was set to potentials 

of 700, 850, and 1000 mV for the analytical cells and guard cell respectively. 

 

Standard and sample preparation: 

Ascorbic acid and GSH stock solutions were prepared at 1 mg/ml in model white wine 

solution and stored at -80°C.  Serial dilutions were prepared fresh daily for the standard 

curves and test sample concentrations.  Concentrations of the standards were ascorbic 

acid 1.0, 2.5, 5, 10, 25, 50, 100, and 250 mg/L and GSH 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5, 10, 

25 and 50 mg/L.  Standards and samples were filtered through 0.45µm RC-membrane 

syringe filters (Phenomenex, Torrance, CA, USA) and the vials purged with nitrogen gas 

prior to capping. 

 

2.5.4 Color Determination 

Analysis for browning of the juices and wines was performed using a Thermo Helios 

gamma UV-Vis spectrophotometer.  The spectrophotometer readings were taken at 

absorbance of 420 nm (Puertas et al. 2008). Wine chromatic characteristics were obtained 

using a Shimadzu UV-Vis spectrophotometer and following the procedure outlined by 
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the OIV (OIV 2014).  In brief, the total spectrum was obtained from 780 nm to 280 nm 

at 5 nm increments.  From the experimentally determined transmittance the values were 

integrated and subjected to the following formulas used to calculate the trichromatic 

component. 

X = KΣ(λ)T(λ)S(λ)X10(λ)∆(λ) (2.1) 

Y = KΣ(λ)T(λ)S(λ)Y10(λ)∆(λ) (2.2) 

Z = KΣ(λ)T(λ)S(λ)Z10(λ)∆(λ) (2.3) 

K = 100/Σ(λ)S(λ)Y10(λ)∆(λ) (2.4) 

where T(λ) is the measurement of the transmittance a wavelength λ, S(λ) is coefficients of 

λ and of the illuminant, X10(λ); Y10(λ); Z10(λ) are coefficients of λ and the observer, and ∆(λ) 

is the interval between the values of λ. 

L* = 116(Y/Yn)
1/3 – 16  (2.5) 

a* = 500[(X/Xn)
1/3 – (Y/Yn)

1/3] (2.6) 

b* = 200[(Y/Yn)
1/3 – (Z/Zn)

1/3] (2.7) 

where Xn = 94.825, Yn = 100, and Zn = 107.381. 

C* = (a*2 + b*2)1/2   (2.8) 

H* = arctan(b*/a*)   (2.9) 

 

2.5.5 Sensory Attributes 

Aroma and palate attributes were determined by a sensory panel consisting of 

winemakers from the partnering winery and Faculty and Doctoral Students of the Wine 

Science Program at The University of Auckland.  The sensory panel participants all 

provided their consent to evaluate the wines.  Since all participants were experienced in 
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the detection of the aromas and palate attributes associated with the wine varietals, 

training consisted of an explanation of the scoring and how the attributes were grouped.   

Wines were designated by randomly generated numbers for ambiguity and served in 

black ISO XL5 tasting glasses to insure that wine color did not influence the 

determination of the attributes.  The volume consisted of approximately 30 ml for each 

wine produced with additional sample provided as required.  All wines were compared to 

an industry control, wines produced from the same winery and containing the block of 

vineyard.  The panel scored acceptable color on a 50 mL sample of wine in a clear ISO 

XL5 tasting glass. 

 

Scoring was based on a sliding scale from 0 to 10 for all attributes.  The attributes 

examined and example of the scoring sheet provided for Sauvignon blanc analysis is 

provided in Table 2.5.1 and subsequent scoring sheet Table 2.5.2 and the Chardonnay 

scoring sheet is provided in Table 2.5.3.  Statistical analysis was performed using R to 

create PCA and APCA of the sensory traits.    

 

2.5.6  Fourier Transform Infrared Spectroscopy (FTIR) 

The attenuated total reflectance (ATR) spectra were obtained using a diamond ATR 

Smart Orbit™ accessory (Thermo Optec) with a bouncing refractive infrared beam at 

45° angle of incidence, using a deuterated triglycerine sulfate (DTGS) detector with a 

KBr window and operating in the Mid-IR. The spectra were obtained over the range of 

4000–650 cm−1 with resolution 4 cm−1.   

 

The phenolic extract was placed on the macro ATR crystal with pressure applied to 

optimize contact and averaged over 128 scans. Standard software (Omnic ESP, version 

7.2) was used for data acquisition and analysis.  Incorporation of grape seed tannin into   
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Table 2.5.1:  Year one Sauvignon blanc sensory attribute scoring sheet. 
 

Sample ID: ___________________      Date: 2013 

Descriptor Sub-descriptor Example Score 

Fruity Citrus Grapefruit, citrus  

 Stone fruit Apricot, Peach, Nectarine  

 Tropical fruit 
Banana, Guava, Mango, 
Passion fruit, Pineapple 

 

 Other 
Apple, Gooseberry, Pear, 

Berries, Melon, Kiwi 
 

Floral Floral Herb, Honeysuckle, Rose  

Green Green 
Grassy, Herbaceous, Tomato 

Vine, Stalky, Nettles, Mint 
 

 
Green 

Vegetable 
Capsicum, Asparagus, Pea, 
Canned Asparagus, Bean 

 

Sharp Pungent Cat’s Pee, Acid  

 Solvent Petrol, Alcohol,  

Spicy Spice Tangy, Black Pepper, Musky  

Sweet Lolly 
Banana, Apple, Honey, Buttery, 

Vanilla 
 

Other Mineral Flint, Mineral, Steely  

 Earthy Mushroom, Damp Earth  

 Other 
Sweaty, Yeasty, Nutty, Olive 

Oil, Boxwood, broom 
 

Acidity/Flavor Balance    

Palate Weight    

Intensity    

Typicality    

Like or Dislike    

Colour    
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Table 2.5.2:  Year two Sauvignon blanc sensory attribute scoring sheet. 
 
Sample ID: ___________________      Date: 2014 
 

Descriptor Sub-descriptor Example Score 

Fruity Citrus Grapefruit, citrus  

 Stone fruit Apricot, Peach, Nectarine  

 Tropical fruit Banana, Guava, Mango, 
Passion fruit, Pineapple 

 

 Other Apple, Gooseberry, Pear, 
Berries, Melon, Kiwi 

 

Floral Floral Herb, Honeysuckle, Rose  

Green Green 
Grassy, Herbaceous, 
Tomato Vine, Stalky, 

Nettles, Mint 

 

 Green Vegetable Capsicum, Asparagus, Pea, 
Canned Asparagus, Bean 

 

Sharp Pungent Cat’s Pee, Acid  

 Solvent Petrol, Alcohol,  

Spicy Spice Tangy, Black Pepper, 
Musky 

 

Sweet Lolly Banana, Apple, Honey, 
Buttery, Vanilla 

 

Other Mineral Flint, Mineral, Steely 
 

 Earthy Mushroom, Damp Earth  

 Other Sweaty, Yeasty, Nutty, Olive 
Oil, Boxwood, broom 
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Descriptor Sub-descriptor Example Score 

Acidity Metallic   

 Sour   

 Soapy   

Mouth feel Irritation Spritz … Chili  

 Heat Cool … Hot  

 Texture Creamy … Syrup  

 Weight Watery … Viscous  

Astringency Particulate Talc … Plaster … Sawdust  

 Smoothness Satin ... Suede ... Furry  

 Complexity Soft ... Fleshy ... Rich  

 Drying Not … Numbing … Dry  

 Harsh Soft … Hard … Abrasive  

 Unripe Ripe … Resinous … Green  

Balance    

Intensity  None … > 30 sec.  

Typicality    

Like or Dislike    

Colour    
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Table 2.5.3:  Year two Chardonnay sensory attribute scoring sheet 
 
Sample ID: ___________________      Date: 2014 
 

Descriptor Sub-descriptor Example Score 

Fruity Citrus Lemon, Lime, Orange, 
tangerine 

 

 Stone fruit Apple, Apricot, Pear, Peach  

 Tropical fruit Banana, Guava, Mango, 
kiwi, Pineapple 

 

 Other Melon, fig 
 

Nut Nut Almond, hazelnut,  

Floral Floral Acacia, hawthorn, rose  

Green Green 
Grassy, Herbaceous, 
Tomato Vine, Stalky, 

Nettles, Mint 

 

 Green Vegetable Capsicum, Asparagus, Pea, 
Canned Asparagus, Bean 

 

 Dried Hay/straw, tobacco, tea  

Buttery  Butter, cream, butterscotch, 
caramel 

 

 Solvent Petrol, Alcohol, kerosene  

Spicy Spice Licorice, anise, fennel  

Sweet Lolly Banana, Apple, Honey, 
Vanilla 

 

Other Mineral Flint, Mineral 
 

 Earthy Mushroom, Damp Earth, 
smoky 
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Descriptor Sub-descriptor Example Score 

Acidity Metallic   

 Sour   

 Soapy   

Mouth feel Irritation Spritz … Chili  

 Heat Cool … Hot  

 Texture Creamy … Syrup  

 Weight Watery … Viscous  

Astringency Particulate Talc … Plaster … Sawdust  

 Smoothness Satin ... Suede ... Furry  

 Complexity Soft ... Fleshy ... Rich  

 Drying Not … Numbing … Dry  

 Harsh Soft … Hard … Abrasive  

 Unripe Ripe … Resinous … Green  

Balance    

Intensity  None … > 30 sec.  

Typicality    

Like or Dislike    

Color    
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polymers was analyzed by utilization of FTIR.  Films were scanned using the ATR 

attachment in the absorbance mode.  Air was utilized as the blank for the assay.  A 

minimum of 32 scans was performed for each test.   

 

2.5.7 Fourier Transform Raman (FT-Raman) Spectroscopy 

FT-Raman data was secured from Professor Keith Gordon’s laboratory at the University 

of Otago.  The Bruker MultiRAM instrument (Bruker, Ettlingen, Germany) operating 

with a liquid – nitrogen – cooled germanium diode detector was used, controlled by the 

Bruker OPUS v6.0 software. The excitation source was a neodymium-doped yttrium 

aluminum garnet (Nd:YAG) 1064 nm laser, operating in the near infrared (NIR) region 

with the laser being defocussed, resulting in a 2 mm laser spot size with 500 mW power 

applied to prevent burning of the sample. 128 scans were averaged over every 

acquisition, with a spectral resolution of 4 cm-1 in the wavenumber range of 3500 to 0 

cm-1. Bruker OPUS v6.0 software was used for data acquisition (Bruker, Ettlingen, 

Germany), while spectral corrections (baseline correction and smoothing: 9 points) were 

performed with Omnic ESP, version 7.2 (Thermo Scientific, Waltham, MA).  The extract 

was pressed into a pellet, which was subsequently used for the analysis. 

 
2.5.8 Leachable solids 

The amount of leachable solids from film preparations was established using the method 

outlined in The United States Pharmacopeia (USP 2011).  A 120 cm2 total surface area of film 

was triple washed with distilled water to remove any dust.  The sample was accordion 

folded and placed in to a 20 mL vial.  To the vial 20 mL of water was added and placed 

into a 70 °C oven for 24 h with the lid loose.  Following the incubation period, the water 

was removed from the vials and placed into pre-dried and weighed petri dishes.  The 

petri dishes were then placed in the oven and allowed to dry, after which they were 
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removed and cooled in a desiccator.  After cooling, the petri dishes were then reweighed 

and the total leached solids was calculated.  Analysis was performed in triplicate and 

statistical analysis was performed using Tukey-Kramer HSD or Dunnett’s Test with 

control as appropriate. 

 

2.5.9 Minimum bactericidal concentrations 

Antimicrobial testing was enacted against Escherichia coli 25922, Staphylococcus aureus 6838, 

and Candida albicans using the methods described by Garcia and Isenberg (2010) and 

Gizdavic-Nikolaidis et al. (2011).  Briefly, 2% concentrations of grape tannin extracts 

were dissolved in tryptic soy broth (TSB).  These were then subjected to doubling 

dilutions in 96-well flat-bottomed polystyrene microtiter plates.  To each well 

approximately 1 × 106 organisms were added and incubated at 37 °C at 200 RPM for 24 

h.  From each well, 20 µL was removed and drop plated on a TSB agar plate and allowed 

to dry prior to incubation at 37 °C for 24 h.  The appearance of colonies was noted and 

counted in order to establish the minimum bactericidal concentration (MBC).  A 

bactericidal concentration was defined as a reduction of 1×103 organisms. 

 

2.5.10  Rebelein method 

Residual sugar content in the grape marc extract was obtained using the Rebelein method 

as outlined in Production Wine Analysis (Zoecklein 1995).  Briefly, samples were made at 2 

mg/mL in water.  To a 200 mL Erlenmeyer flask 10.0 mL of 0.168 M CuSO4 – 5H2O in 

0.01 Nor H2SO4, 5.0 mL0.886 M Rochelle salt in 2 M NaOH, and 2.0 mL of sample.  

The mixture was then heated rapidly until steam was derived and maintained for 1.5 min, 

after which it was rapidly cooled in an ice bath.  This step permitted the reaction of 

copper and the reducing sugar.  Once cool, 10 mL of 1.81 M KI in 0.1 Nor NaOH, 16% 
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H2SO4, and 10 mL of a 1% starch solution in 0.120 M KI in 0.01 Nor NaOH were 

added and mixed.  This step allows for the excess copper to be reduced with the iodide 

ion to form iodine, which was then titrated using 0.056 M sodium thiosulfate in 0.05 Nor 

NaOH to a creamy white endpoint.  The amount of sugar was then calculated using the 

equation: 

𝑅𝑆 =  
!"!!" !!

!!
× !"""

!
  (2.2) 

where VS is the amount of titrant used for the sample, VB is the amount of titrant used 

for the blank, S is the sample concentration in g/L, and RS is the sugar concentration as 

mg/g of extract. 

 

2.5.11 Solid State-Nuclear Magnetic Resonance (SSNMR) 

The SSNMR experiments of the grape marc extracts were performed using a Bruker 

Avance 300 spectrometer operating at 300.13 MHz proton frequency. A multinuclear 

double-tuned Bruker probe with 7 mm zirconia rotors, retained with Kel-F end-caps was 

used. The 13C cross polarization magic angle spinning (CP/MAS) spectra were recorded 

using a 4.2 µs 90° proton pulse, the recycle delay of 1.5 s and a spin rate of 7.0 and 4.0 

kHz in order to check the sidebands. A 1 ms contact time was used for the 13C CP/MAS 

experiments. The continuous wave approach was utilized for 1H decoupling. A total of 

2600 was performed with all spectra were externally referenced to adamantane (38.48 

ppm) and were processed using TopSpinTM NMR Software (Bruker). 

 

2.5.12 Instron 5567 

The Instron 5567 is a dual column tabletop universal testing system utilized to perform 

tensile testing on polymers.  The testing apparatus consists of a set of grips attached to a 

load cell.  The load cell is specified by the expected strain to be experienced.  The grips 
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are then separated at a controlled rate and the load on the cell is recorded.  The 

experimental end is established by polymer failure.   

 

2.5.12.1Tensile Properties 

Tensile properties of polymer films were assessed using the Instron 5567.  An 

appropriate load cell, film dimensions, and gauge length were used for the measurements 

(Table 2.5.4). Thickness of the films was measured in three places along the 

corresponding strip.  The average thickness value was then used for all calculations of 

tensile strength.  Films were marked with white spots for determination using the video 

monitoring system.  The film strips were then placed into the grips and spots aligned for 

the camera to monitor.  The top clamp was tightened first ensuring that the films 

remained aligned.  The instrument was zeroed and the bottom grip tightened.  The film 

was pre-tensioned to 0.3 mPa to ensure that there was no slack within the sample. 

Tension was then applied at a rate of 5 mm/min until the sample broke or there was a 

decrease in the load of 40% signifying the end of the test as a result of polymer failure.  

Five films per treatment were analyzed and statistical analysis was performed with Tukey-

Kramer HSD or Dunnett’s Test with control as appropriate.  

 

Table 2.5.4. Film size and Instron 5587 settings for tensile property testing. 
	

Polymer Film size Load cell Gauge 
length 

Crosshead 
speed 

Ethyl cellulose 7 × 150 mm     50 N 80.0 mm 5 mm/min 

Polyethylene, HDPE 3 × 70 mm   200 N 25.0 mm 5 mm/min 

Polyethylene, LLDPE 3 × 70 mm   200 N 25.0 mm 5 mm/min 

Polyethylene terephthalate 3 × 70 mm     50 N 25.0 mm 5 mm/min 

Polypropylene 3 × 70 mm 1000 N 25.0 mm 5 mm/min 
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2.5.13 Thermogravimetric analysis (TGA) 

TGA was performed using a TA Instruments model Q5000 (New Castle, DE, USA) run 

by Q series software 2.8.0.34 release 5.0.1.  TGA measures a materials weight change as a 

function of temperature within a controlled atmosphere.  The TGA operates by using 

tared pans suspended on a microbalance, which are then placed into a controlled oven 

and atmosphere.  As the temperatures increase, the components of the sample begin to 

decompose, resulting in a mass change.  The mass change is detected by the balance, 

which generates thermograms capable of providing information regarding the sample’s 

thermal stability and composition. 

 

Samples were placed into tared pans in the auto-sampler of a TA Instruments; model 

Q5000 (New Castle, DE, USA).  The samples were then heated following the 

predetermined heating rate of 10 °C per min over a range of 25 °C to 600 °C.  The 

resulting weight loss as decomposition occurred was recorded and plotted to obtain a 

graph of weight loss vs. temperature.  Thermal traces were analyzed using TA 

Instruments Universal Analysis software (version 4.5A, build 4.5.0.5) to obtain 

information regarding the sample’s composition and thermal stability. 

 

2.5.14 Differential scanning calorimetry (DSC) 

DSC was performed using a TA Instruments model Q1000 (New Castle, DE, USA) run 

by Q series software 2.2.0.248 release 4.2.1.   DSC is a technique, which heats and cools 

samples to determine the thermal transitions of materials through its associated 

temperatures and heat flows.  Data was collected by measuring the temperature 

difference between the sample and reference via thermocouples below the sample pans.  

The thermograms yield information of glass transitions, crystallization, melting, and 

phase changes. Changes in these temperatures or additional peaks indicate changes in the 
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structural characteristics of the polymers.  Increases in the melting temperature are 

indicative of a greater stabilization of the polymer, such as by increases in crystallinity or 

cross-linking.  A lowering of the melting temperature suggests a change in the crystal 

morphology, such as the formation of thin sheets, which melt at lower temperatures. 

 

Samples were accurately weighed on an analytical balance to obtain weights of 7.0 ± 0.1 

mg.  The samples were then placed onto the DSC, TA Instruments; model Q1000 (New 

Castle, DE, USA), operating at a temperature profile range of 20 °C to 200 °C increasing 

at a rate of 10 °C per min.  The sample was then cooled at a rate of -10 °C per minute to 

the starting temperature prior to repeating the heating and cooling cycle.  Thermograms 

were analyzed using TA Instruments Universal Analysis software (version 4.1D, build 

4.1.0.16) to determine the sample’s melting temperature and crystalline nature.   

 

2.6 INSTRUMENTATION 

2.6.1 Balance 

A Mettler model XS204 analytical balance (Columbus, OH, USA) reporting in mg to one 

decimal place was used for weighing of compounds within its operational range.  A 

Shimadzu model UW2200h top-loading balance reporting in g to two decimal places was 

used for weighing of all compounds within its operational range.  A Mettler model SW60 

top-loading balance reporting in kg to two decimal places was used for weighing of 

large–scale ferments. 
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2.6.2 Centrifuge 

Samples utilized in aroma compound testing were centrifuged in an Eppendorf 

centrifuge model 5804 (North Ryde, NSW, Australia). The centrifuge operation can 

control time, RPM, and temperature. 

 

2.6.3 Incubator 

A New Brunswick, model Innova 44 shaking incubator (Eppendorf, Inc, Hamburg, 

Germany) was used for micro-bacterium cultures.  The incubator was set to 200 RPM 

and 37 °C.  Agar plate cultures were placed into a Steridium incubator at 37 °C. 

 

2.6.4 Oven 

A drying oven, Contherm model Thermotec 200 (Contherm Scientific LTD, Hutt City, 

New Zealand) was used for leachability studies and drying of samples and standards, as 

required. 

 

2.6.5 pH meter 

pH measurements were performed utilizing a Thermo Orion 420 A+ pH meter (Thermo 

Fisher Scientific, Waltham, MA, USA) fitted with an Orion Ross pH probe.  Calibration 

of the instrument occurred prior to use at pH concentrations of 4.00, 7.00 and 10.00 

with a slope of greater than 98% being obtained. 

 

2.6.6 Rotary Evaporation (roto-vap) 

Following extraction and purification of the antioxidant compounds, the extract 

solutions were concentrated using a BÜCHI roto-vap model R210 (Postfach, 

Switzerland).  The vacuum pump (BÜCHI, model V700) was set to a maximum vacuum 
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of 10 mBar and the water bath (BÜCHI, model B491) was set to a temperature of 40 °C.  

The extract solution was warmed and mixed at a rotation setting of 4.  The captured 

solvent can then be reutilized in the extraction procedure. 

 

2.6.7 Speed-Vap 

The Speed-Vap, Savant model SPD131-DDA (Thermo Fisher, Waltham, MA, USA) was 

utilized to dry the samples.  Its operation is based on the evaporation potential of a liquid 

under a vacuum.  The centrifuge helps condense the precipitants in the bottom of the 

tube while employing a vacuum, which lowers the liquid’s evaporation point.  The 

volatilized solvent was then collected in a refrigerated trap, Thermo model RVT4104 

(Thermo Fisher, Waltham, MA, USA) operating at -80 °C.   

 

2.6.8  Spectrophotometer 

UV/Vis analysis of samples was performed on a Shidmazu spectrophotometer; model 

UV 1700 (Kyoto, Japan).  Absorbance readings were obtained as outlined in the 

individual assays and full spectrum readings of % Transmittance were obtained for the 

calculation of CIELab tristimulus color.  Additionally, the Thermo Helios gamma 

spectrophotometer was employed for the DPPH assay analysis of wines and the ABTS 

assay for ethyl cellulose films.  A PerkinElmer Enspire 2300 Multilabel Reader 

(PerkinElmer, Waltham, MA, USA) was set to take readings at every minute for 80 

minutes at an extinction of 485 nm and emission of 535 nm for fluorescence detection in 

the ORAC assay of wines. 
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2.6.9 Brabender DSE 25 

A Brabender model DSE 25 was used for the blending of polyolefins and ethyl cellulose 

with agro-waste extracts.  The Brabender utilizes a chamber system to blend polymers 

once they have melted.  The screws and housing are temperature controlled to ensure 

that the material reaches a constant temperature, allowing for an even melting of the 

polymer and maintenance of a constant temperature throughout the blending cycle.  The 

torque and temperature profiles of the blending process were monitored for all polymers.  

Parameters of temperature and time were adjusted according to the polymer being used 

to enable complete melting and even blending. Table 2.6.1 outlines the parameters used 

for each of the polymers blending. 

 

Table 2.6.1.  Brabender operating conditions for extract blended thermo-polymers. 
 

Polymer Temperature 
(°C) 

Total mix time 
(min) 

Extract addition 
time (min) 

HDPE 180 5 2 to 2.5 

LLDPE 150 3 1 to 2 

PET 250 7 3 to 3.5 

Polypropylene 180 5 2 to 2.5 

 

2.6.10 WineScan 

The FOSS WineScan (Foss, Hiillerød, Denmark) operates by utilization of an FTIR to 

determine the various components in the sample matrix.  The instrument is calibrated 

against known standards prior to its operation.  Analyses obtained from the WineScan 

were: total soluble solids (°Brix), total acidity (TA), volatile acidity (VA), and ethanol 

content (% v/v). 

 

 



	

 

CHAPTER 3: PHENOLIC COMPOUND DETECTION 

METHOD DEVELOPMENT AND VALIDATION 

 

3.1 HIGH PRESSURE LIQUID CHROMATOGRAPHY 

The following high performance liquid chromatography (HPLC) method for analysis of 

polyphenolic compounds in wine is proposed with the intent to decrease the time of the 

analysis in relation to the current methodology utilized by the laboratory, decrease the 

amount of organic solvent utilized and incorporate use of an electrochemical detector 

(ECD).  Any reduction in time and solvent use must be met without a decrease in 

sensitivity when using the current methodology based around UV-Vis detection.  The 

integration of the ECD by its nature will exceed the sensitivity of the UV/Vis detector for 

analytes that are oxidized at a certain applied potential (Xu and Howard 2012). Therefore, 

evaluation will look not only at the results from the ECD but also the UV/Vis detector for 

comparison between the methods.  The validation of the method was performed in 

accordance to the guidelines outlined by the International Conference on Harmonization 

(Harmonisation 2005).  

 

3.1.1 Chromatography Selection 

Reverse phase chromatography was selected for the mode of HPLC analysis based on 

column selection and the hydrophilic nature of the analytes.  Mobile phase selection was 

based on the use of the ECD and the hydrophilicity of the phenolic compounds being 

analyzed.  The demands of the ECD for the carrier liquid are that the liquids must be 

sufficiently conductive and produce a constant, low background electrochemical signal 

(Štulík et al. 1984).  
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3.1.2 Column Selection 

An amide column was selected for the analysis.  The particular column has an amide group 

embedded into the C18 chain (Figure 3.1.1). The column packing provides a hydrophobic 

stationary phase for the particles to bind to.  In addition, the particles’ structure allow for 

hydrogen bonding sites and steric separation.   The amide column is also resistant to the 

low pH required for the assay to keep the phenolic compounds in a neutral state.  The 

embedded amide group is also responsible for enhanced retention of polar compounds, 

such as polyphenols.   

 

 

Figure 3.1.1 Ascentis® RP-Amide, HPLC column stationary phase consisting of silica 

bound to a C18 chain containing an embedded amide group at C3. 

 

3.1.3 Mobile Phase Selection  

The mobile phases were constructed in a manner to optimize the interactions between the 

solvents and the analytes.  The acidic nature of the mobile phases and the basic nature of 

the analytes result in hydrogen bonding.  Additionally, the basic nature of the analytes 

interacting with the buffer salts enhance their retention and the column’s apparent 

efficiency (Kazakevich and LoBrutto 2007). Apparent efficiency is the sum of the 

performance parameters of the column to provide separation of the analytes.  Dispersion 

interactions occur as a result of the polarizable electrons in the analytes and solvents.  

Another factor, affecting the selection of the mobile phase, is the dielectric constants of 

the solvents and interactions of the mobile phase with the analytes (Khurana 1990). These 

interactions along with dipole interactions constitute the basis of solvent polarity and 
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dictate the elution of the analytes from the column.  These interactions not only occur 

between the solvents but also the stationary phase of the column.  Separation of the 

analytes is based on their polarity with the higher polar molecules eluting first (Xu and 

Howard 2012). 

 

The aqueous phase was selected to be 30 mM sodium phosphate, monobasic to provide an 

adequate electrolyte concentration whilst maintaining an acceptable signal to noise ratio.  

The addition of the sodium phosphate ensures that there are adequate ions in the mobile 

phase for increased sensitivity of the ECD (Harmonisation 2005). In addition, the first 

dissociation constant of sodium phosphate is at a pH of 2.16 (Hayes 2016). The mobile 

phase at a pH of 2.5 is within the ideal range to buffer of pH 1.1 to 3.1.  Sodium 

phosphate within this range is able to buffer any pH changes induced by the samples, pH 

2.9 to 3.7. The low pH also ensures that the analytes will be in the neutral form, thus 

resulting in a single peak due to the suppression of any secondary ionization equilibria on 

the analytes’ retention (LoBrutto and Kazakevich 2006). Sodium phosphate solution was 

also added to the organic phase to aid in the mixture of the phases during the running of 

the gradient method.   

 

Acetonitrile was selected for its low viscosity, 0.369 cP (Hayes 2016; Lange 1973), to 

minimize backpressures and electric conductivity, 6 x 10-10 S cm-1 (Shalliker 2012), to 

minimize the background noise.  The additional benefit of acetonitrile is its miscibility in 

water and low UV cut off, 190nm (Hayes 2016). Acetonitrile elutes compounds based on 

its dispersive properties.  The weak association it has with water allows for the two to 

remain binary in character.   Methanol was selected for its low viscosity, 0.544 cP (Hayes 

2016), low UV cut off, 210 nm (Hayes 2016), and its low electric conductivity, 1.5 x 10-9 S 

cm-1 (Shalliker 2012).  Methanol is miscible with water, associates strongly with water and 
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provides dispersive interactions to compete with those of the bonded phase.  The 

combination of the acetonitrile and methanol makes for a robust organic phase to assist in 

the elution of compounds from the column.  

 

3.2 Methodology 

3.2.1 Chromatographic Conditions 

The validation was carried out on an Agilent 1100 HPLC (Agilent Technologies, Inc., 

Santa Clara, CA).  The HPLC system consisted of a model G1379A degasser, G1311 

quaternary pump, G1313A auto-sampler, G1316A column heater, G1315B Diode Array 

Detector (DAD) and an ESA Coulochem III equipped with a 5020 guard cell and a 5010A 

analytical cell (ThermoFisher Scientific, Waltham, MA).  The electrochemical detector, 

ECD, was connected to an Agilent 35900E interface for data collection.  Detection of the 

compounds was achieved utilizing an Agilent Technologies UV/Vis Diode Array Detector 

(DAD) set to the following absorbances; 260 nm for organic acids, 280 nm for flavan-3-

ols and benzoic acids, 305 nm for stilbenes, 320 nm for hydroxycinnamates, 365 nm for 

flavonols, and 520 nm for anthocyanins (Harmonisation 2005; Xu and Howard 2012).  

Additionally, the ESA electrochemical detector (ECD) was employed at voltages of 450 

mV and 750 mV with a guard voltage of 1000 mV. 

 

Separation of the analytes was performed on a Suppelco Acentis RP-Amide, 100A, 100 

mm x 3 mm, 3-micron column utilizing a gradient method.  The gradient consisted of a 

two parts: mobile phase A, 30 mM sodium phosphate, monobasic adjusted to a pH of 2.5 

with phosphoric acid; and mobile phase B, acetonitrile, methanol, 100 mM phosphate 

buffer (60:10:30) adjusted to pH 2.7 with phosphoric acid.  Refer to Table 3.2.1 for 

gradient times and percent mobile phase B.  Elution was achieved over a total runtime of 

30 minutes with the column temperature maintained at 42 °C at a flow rate of 1.0 ml/min.  
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Temperature control was implemented for two reasons; initially to aid in the reduction of 

backpressures and to eliminate any variation in column temperature that might occur at 

room temperature.  Changes in temperature will affect the viscosity, resulting in an 

increase in pressures and shift of retention times.   Maintenance of the higher temperature 

decreases the mobile phase viscosities, thereby contributing to the stabilization of 

pressures and retention times (Khurana 1990). 

 

Table 3.2.1. Gradient profile utilized for the phenolic compound resolution by HPLC 
with DAD and ECD. 
  

Time 
(minutes) 

% B Flow Rate 
(ml/min.) 

0 0 1.0 

10 12 1.0 

15 30 1.0 

17.5 55 1.0 

21 100 1.0 

23 100 1.0 

25 0 1.0 

 

3.2.2 Sample Preparation  

Stock solutions of the standards were made at 1000 mg/L and stored at -80 °C for no 

more than one week prior to use.  Standards were dissolved in ethanol and diluted to 

working concentrations in model white wine.  Standards were filtered through a 0.45 µm 

syringe filter into amber glass vials with rubber/PTFE septum crimp closures. 

 

Reference samples and samples were prepared from wine with the reference samples being 

spiked with known concentrations of phenolic standards.  Both samples were then filtered 

through a 0.45 µm syringe filter into amber glass vials with rubber/PTFE septum crimp 

closures. 
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3.3 Validation 

3.3.1 Linearity, Limit of Detection and Limit of Quantitation 

Linearity was determined by making serial dilutions of standard solutions, starting at 0.05 

µg/L and finishing at 100 mg/L.  From the linearity data we can also determine the level 

of quantification. The LOD and LOQ were determined by multiple injections and simple 

linear regression.  The LOD, LOQ, linear range, percent recovery, and R2 for the various 

analytes are found in Table 3.3.1.   

 

Coefficients of determination were established over the linear portion of the graph based 

off of three calibration curves of each standard.  The linear region was established by 

simple linear regression with a 95% confidence interval.  The LOD was calculated using 

the equation: 

𝐿𝑂𝐷 =  !!
!

  (3.1) 

  and the LOQ was calculated using the equation:  

𝐿𝑂𝑄 =  !"!
!

  (3.2) 

where σ is the standard deviation of the y-intercepts of the calibration curves and S is the 

average of the slopes of the concentration curves (Mocak et al. 1997).   

 

Although lower concentrations can be visualized when assayed, the LOD is the 

minimum value established through simple linear regression of the triplicate samples.  

The value is therefore robust and phenolics at the concentration can be detected 

consistently; as such, it was chosen to be the minimum value of the linear range.  The 

maximum value of the linear range was also determined through the simple linear 

regression and the coefficients of determination (R2).  As the detector becomes saturated 
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the response curve begins to plateau resulting in loss of a linear response.  A decrease in 

the R2 values as well as increasing p values with decreasing t ratios of the regression can 

detect the saturation of the detector, thereby enabling the determination of the maximum 

concentration assayed that falls within the linear portion of the concentration curve.  

Caffeic acid and p–coumaric acid were also evaluated utilizing the DAD for calculation 

of caftaric acid and GRP in caffeic acid equivalents and coutatric acid in p–coumaric acid 

equivalents.  In the case of p–coumaric acid the results from the DAD were more 

sensitive than by ECD, thus a lower LOD and LOQ were obtained as well as a more 

efficient percent recovery.  However, analysis by DAD for the standards of quercetin 

and kaempferol did not produce increased percent recovery or a lower LOD or LOQ. 

 

3.3.2 Specificity  

Specificity is the ability of the assay to detect the compounds in the samples, which are 

contained in the standards.  Reference samples were injected to determine the retention 

times of the analytes in the wine matrix for comparison to those in the standard mixtures, 

Table 3.3.2.  The retention times of the phenolics in the reference sample were the same or 

slightly faster than those found in the standard mixture.  The shift of some of the 

compounds in the wine matrix can be attributed to normal peak drift within an assay, as all 

retention time shifts are with 5% of the retention times in model white wine.  Injections of 

wine samples low in phenolic compounds verified the absence of interfering compounds 

contained in the wine.   

 

3.3.3 Repeatability  

Repeatability is the ability of the assay to reproduce the results.  Since not all components 

are found in wine, the reference sample was used for determining the accuracy of the 

assay.  The concentrations of the phenolics in the sample are not relevant to this test, only 
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that the assay performs by being able to reproduce the concentration determined.   The 

mean, standard deviation and % relative standard deviation (%RSD) are reported in Table 

3.3.3.  The assay produces values that are reproducible as evidenced by the standard 

deviations and the low %RSD. 

 

3.3.4 Precision 

Precision of an assay is broken into three parts: accuracy, intermediate precision and inter-

laboratory precision.  Accuracy is the ability of an assay to yield the same result.  Running a 

standard solution with known concentrations of the phenolic compounds and calculating 

the percent recovery, Table 3.3.1, assessed accuracy.  Intermediate precision was 

determined by performing the assay on three separate days.  Comparison of the results 

obtained from a standard mix from concentration curves performed on the day of the 

assay allowed for determination of the intermediate precision.  Inter-laboratory precision is 

beyond the scope of this validation. 

 

3.3.5 Robustness 

Robustness is the ability of an assay to produce the same results whilst incurring minor 

deviations.  The deviations investigated were: column temperature, flow rate, columns, and 

mobile phase discrepancies, eg. pH and concentration of components.  Varying the pH of 

mobile phase A to pH 2.3 and pH 2.8 did not result in a detectable change in the 

chromatography.  Adjusting the pH of mobile phase B to 3.0 resulted in a shift in the 

retention times causing the analytes to remain on the column longer.  This increase in pH 

also had the positive affect of making the peaks slightly sharper.  Lowering the pH to 2.4 

for mobile phase B did not result in a noticeable shift in retention times but did result in 

muted peaks.  Increasing or decreasing the flow rate without alteration of the gradient 

resulted in a corresponding shift in the retention times and system pressure, which 
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culminated in a peak resolution increase or decrease for some compounds, based on the 

interactions of the analytes with the column packing.  Increasing and decreasing the 

concentrations of acetonitrile and methanol by 10% resulted in shifts in the retention times 

and resolution of some compounds.  Likewise a column temperature shift to 37.8 °C 

resulted in an increase in backpressure and longer retention times and altered resolution, 

whereas increasing the temperature to 46.2 °C resulted in lower backpressure and shorter 

retention times and altered peak resolution.   

 

3.4 Conclusions 

The developed method provides analysis of nineteen compounds in a 30 min time span, 

thereby shortening the time required for analysis and decreasing the amounts of solvents 

required and the overall cost of analysis.  Methods from the literature and summarized in a 

review by Khoddami et al. (2013) ranged from 25 to 96 min, with a high of 17 compounds 

being detected in 28 min by PDA, MS/MS.  The sensitivity of the method allows for 

detection and quantitation from micrograms to milligrams.  The method was found to be 

reproducible, specific, have excellent recovery, and not affected by minor changes to the 

mobile phase or temperature. 
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Table 3.3.1. HPLC calibration data of 16 phenolic standards determined by ECD and 2 
phenolic standards determined by DAD at 320 nm. 
 

Phenolic 
compound 

Coefficient of 
determination 

(R2) 

Linear 
range 

(mg/L) 

LOD 
(mg/L) 

LOQ 
(mg/L) 

Percent 
Recovery 

Gallic acid 0.9999 0.006 – 10 0.006 0.021 98.6 ± 0.3 

Syringic acid 0.9997 0.01 – 10 0.010 0.034 100.0 ± 1.7 

Vanillic Acid 0.9999 0.055 – 50 0.055 0.183 112.8 ± 2.7 

Tyrosol 0.9993 0.009 - 20 0.009 0.028 94.0 ± 1.3 

p-Coumaric acid 0.9989 0.10 - 10 0.132 0.441 71.0 ± 6.3 

p-Coumaric acidA 0.9999 0.01 - 100 0.010 0.033 100.2 ± 0.5 

Caffeic acid 0.9998 0.01 – 50 0.011 0.035 100.3 ± 0.4 

Caffeic acidB 0.9998 0.047 - 500 0.047 0.157 96.0 ± 0.3 

Ferulic acid 0.9998 0.009 - 50 0.009 0.031 98.8 ± 2.8 

Kaempferol 0.9955 0.99 - 100 0.990 3.30 83.6 ± 4.1 

Resveratrol 0.9972 0.01 - 10 0.012 0.039 99.4 ± 0.3 

(+)-Catechin 0.9996 0.004 – 10 0.004 0.013 98.8 ± 0.4 

(-)-Epicatechin 0.9999 0.007 – 50 0.007 0.024 97.4 ± 2.1 

ECG 0.9997 0.008 – 50 0.008 0.026 97.3 ± 1.0 

EGC 0.9979 0.057 - 100 0.057 0.190 91.7 ± 2.4 

EGCG 0.9974 0.073 - 50 0.073 0.242 94.6 ± 3.5 

Quercetin 0.9834 0.4 – 100 0.410 1.366 68.3 ± 4.8 

Rutin 0.9997 0.038 – 50 0.038 0.128 85.1 ± 2.9 

Rutin (UV (365nm)) 0.9999 0.37 - 500 0.370 1.250 91.7 ± 0.4 
A p-coumaric acid determined at DAD 320 nm for calculation coutaric acid reporting in p-

coumaric acid equivalents. B Caffeic acid determined at DAD 320 nm for calculation of caftaric 

acid and GRP reporting in caffeic acid equivalents.   
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Table 3.3.2.  Retention times of phenolic standards in model white wine and white wine matrix 
using ECD. 
 

Sample Standard (min.) Reference Sample (min.) Time shift (min.) 

Gallic Acid 3.3 3.3 0 

Tyrosol 8.7 8.4 (0.3) 

Vanillic Acid 12.3 12.2 (0.1) 

EGC 12.7 12.7 0 

(+)-Catechin 12.9 12.8 (0.1) 

Vanillin 13.1 12.9 (0.2) 

Syringic Acid 13.4 13.2 (0.2) 

Caffeic Acid 13.6 13.5 (0.1) 

(-)-Epicatechin 14.4 14.3 (0.1) 

EGCG 15.9 15.5 (0.4) 

p-Coumaric acid 16.1 16.1 0 

Ferulic Acid 16.4 16.3 (0.1) 

ECG 17.4 17.4 0 

Rutin 17.7 17.7 0 

Resveratrol 19.4 19.4 0 

Quercetin 21.6 21.6 0 

Kaempferol 22.9 22.9 0 

Values in parenthesis elute faster in the wine matrix than in the model white wine. 
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Table 3.3.3.  The reproducibility of each surveyed phenolic compound as determined by 
triplicate injections reference samples. 
 
Phenolic standard Average (mg/L) Standard deviation %RSD 

Gallic Acid 10.8 0.2 2.0 

Tyrosol 9.5 0.1 1.2 

Vanillic Acid 12.3 0.3 2.7 

EGC 18.1 0.7 4.2 

(+)-Catechin 15.5 0.2 1.6 

Syringic Acid 11.5 0.04 0.3 

Caffeic Acid 12.5 0.4 3.8 

(-)-Epicatechin 11.3 0.1 1.3 

EGCG 9.4 0.3 3.6 

p-Coumaric acid 23.2 1.0 4.6 

Ferulic Acid 10.7 0.2 2.5 

ECG 10.2 0.2 2.6 

Rutin 8.5 0.2 3.3 

Resveratrol 10.7 0.005 0.05 

Quercetin 13.6 1.4 10.8 

Kaempferol 13.1 1.9 14.7 
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Table 3.4.1.  Comparison of phenolic assay run time, detector, and number of phenolics 
detected. 
 

Number of phenolics Detection method Run time (min) Reference 
4 PDA 65 Luthria (2006) 
6 PDA 50 Lee (2008) 
9 PDA 67 Heinio (2008) 
11 PDA 60 Hoang (2011) 
2 UV 47 Park (2011) 
5 UV-VIS 55 Mousavinejad (2009) 
8 UV-VIS 45 Zitka (2011) 
14 UV-VIS 96 Kelebek (2011) 
4 PDA, ESI-MS 60 Qin (2010) 
8 PDA, ESI-MS 45 Simirgiotis (2012) 
8 PDA, ESI-MS 53 Chen (2012) 
11 PDA, ESI-MS 30 Gómez-Caravaca (2012) 
15 PDA, ESI-MS 45 Zarena (2011) 
11 PDA, ESI-MS/MS 25 Lou (2010) 
9 PDA, MS/MS 35 Jalili (2012) 
12 PDA, MS/MS 15 Pati (2009) 
15 PDA, MS/MS 28 Zimmermann (2011) 
2 FLD, MS 51 Hurst (2009) 
10 UV, FLD, ESI-MS 22.5 Kalili (2009) 

 

 

 

 

 

 

 

 

 

 



	

 

CHAPTER 4: GLUTATHIONE AND ASCORBIC ACID HPLC 

METHOD DEVELOPMENT AND VALIDATION 

 

4.1 CHROMATOGRAPHIC CONDITIONS 

Sample analysis was performed utilizing a modified method of Smith et al (1995). The 

chromatography was performed utilizing a Luna (2) column, 250 x 4.6 mm I.D.; 5 µm 

particle size (Phenomenex, Torrance, CA, USA).  Mobile phase A consisted of 10 mM 

phosphate buffer, pH 5.0, mobile phase B methanol, mobile phase C acetonitrile.  All 

mobile phases were vacuum degassed and filtered through a 0.45 µm filter.  Elution 

occurred utilizing the following gradient; 0-12 min 95% mobile phase A, 5% mobile 

phase B, 0% mobile phase C, 12-15 min 45% mobile phase A, 5% mobile phase B, 50% 

mobile phase C, 15-17 min 20% mobile phase A, 5% mobile phase B, 75% mobile phase 

C, 17-20 min 95% mobile phase A, 5% mobile phase B, 0% mobile phase C, total run 

time 40 min.  Flow rate was 0.4 mL/min.  The UV-Vis detector was set to 260 nm for 

detection of ascorbic acid.  The electrochemical detector was set to potentials of 700, 

850, and 1000 mV for the analytical cells and guard cells respectively. 

 

4.2 STANDARD AND SAMPLE PREPARATION 

Ascorbic acid and GSH stock solutions were prepared at 1 mg/mL in model white wine 

solution and stored at -80 °C.  Serial dilutions were prepared fresh daily for the standard 

curves and test sample concentrations (Figure 4.2.1.).  Concentrations of the standards 

were ascorbic acid 1.0, 2.5, 5, 10, 25, 50, 100, and 250 mg/L and GSH 0.05, 0.1, 0.25, 0.5, 

1, 2.5, 5, 10, 25 and 50 mg/L.  Standards and samples were filtered through 0.45µm RC-

membrane syringe filters (Phenomenex, Torrance, CA, USA) and the vials purged with 
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nitrogen gas prior to capping.  Wines samples exhibiting GSH were spiked with both 

GSH and ascorbic acid to support in the identification of the peaks in the wine matrix.  

Furthermore, the wine sample was depleted of GSH by addition of copper to bind the 

GSH in order to verify that there are no co-eluting compounds. 

 

Figure 4.2.1. Example chromatograms of A) GSH at 850 mV and B) ascorbic acid at 
280 nm. 
 
A
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B

 

4.3 VALIDATION 

4.3.1 Determination of linearity, limit of detection, and limit of quantitation 

Peak responses were integrated and the subsequent areas under the curve were plotted 

against the known standard concentrations.  Coefficients of determination were 

established over the linear portion of the graph based on three calibration curves of each 

standard (Figure 4.3.1).  The linear region was established by simple linear regression 

with a 95% confidence interval (Table 4.3.1).  The LOD was calculated using the 

equation: 

𝐿𝑂𝐷 =  !!
!

  (4.1) 

 and the LOQ was calculated using the equation:  



GSH method development 

112 		

𝐿𝑂𝑄 =  !"!
!

  (4.2) 

where σ is the standard deviation of the y-intercepts of the calibration curves and S is the 

average of the slopes of the concentration curves (Mocak et al. 1997).   

 

The coefficients of determination were close to 1.000 for both standards and the p value 

for both was p < 0.0001.  This shows that the data points are close to the fit line and that 

the concentration values are highly associated with the chromatographic area under the 

curves.  The large t ratio is indicative of a high relation of the concentration to observed 

response, further supporting the designated linear range. 

 

Figure 4.3.1.  Average plots of area responses to the standard’s concentration of A) 

ascorbic acid and B) GSH. 
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Table 4.3.1. The linear range, LOD and LOQ of ascorbic acid and glutathione determined from 
triplicate injections of standards. 
 

Standard Linear Range 
(mg/L) 

LOD 
(mg/L) 

LOQ 
(mg/L) 

R2 (average) p-value 
(average) 

t -ratio 
(average) 

Ascorbic Acid 0.4 to 250 0.43 1.42 0.9996 ± 0.0001 <0.0001 133.8 ± 10.1 

Glutathione 0.1 to 50 0.16 0.54 0.9963 ± 0.0010 <0.0001 49.5 ± 11.6 

 

4.3.2 Percent recovery 

Ascorbic acid standard concentrations of 2.5, 5 and 10 mg/L were assayed for percent 

recovery.  Percent recovery was determined using the formula: 

% Recovery =  !!"#$!% – !!"#"$%&'"!

!!"#$!% 
× 100 (4.3) 

where Cactual is the concentration of the standard and Cdetermined is the concentration 

obtained from the assay. 
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The standards were assayed in triplicate and found to have a percent recovery of 106.0 ± 

3.7, 99.9 ± 1.9, and 93.4 ± 0.7 % respectively.  Glutathione standards were made at 0.5, 1 

and 5 mg/L and assayed in triplicate.  The percent recovery was established to be 86.3 ± 

2.9, 104.0 ± 1.2, and 112.9 ± 2.8%.   

 

4.3.3 Precision 

Intraday precision and accuracy was determined by the running of test samples for both 

glutathione and ascorbic acid (Table 4.3.2).  Samples were assayed in triplicate with 

concentrations determined from standard curves generated each day.  The precision of 

the assay is demonstrated by the reported standard deviation of the obtained results on 

the day of testing.  The assay for ascorbic acid was very precise with standard deviations 

being less than the LOD.  The assay also had high precision for glutathione where all 

standard deviations were less than the LOD.  The accuracy of the assay is demonstrated 

by the average value obtained in reference to the known concentration of the sample.  

The accuracy of the ascorbic acid assay was also excellent with all values being less than 

10% different from the known sample concentration with the exception of Day 1, 5.0 

mg/L, where there was a 12 % difference from the known concentration.  The accuracy 

of the glutathione assay was good with the values of the 5.0 mg/L standard ranging from 

10 % to 12.8 % from the known concentrations.  The values obtained for the other 

concentrations were all within 10 % of the known values with the one exception of Day 

3, 0.5 mg/L, where the obtained value was 18 % different from the known value.  This 

large deviation from the known concentration could be caused by the value being at the 

LOQ.  Any oxidation of the sample that may have occurred would cause the value to 

drop below the LOQ and could be the cause of the deviation. 
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Inter-day precision was analyzed over three days running samples in triplicate.  The 

percent difference between the days was determined by the formula: 

% Difference = [(Cmax – Cmin)/Cknown)] × 100 (4.4) 

where Cmax is the maximum concentration obtained by experimentation, Cmin is the 

minimum concentration obtained by experimentation and Cknown is the known 

concentration of the standard. 

 

Table 4.3.2. Intraday precision and accuracy, average values of triplicate injections of test 
sample concentrations. 
 

Ascorbic Acid Day 1 Day 2 Day 3 

2.5 mg/L Not assayed 2.6 ± 0.09 2.6 ± 0.08 

5.0 mg/L 4.4 ± 0.1 4.9 ± 0.09 5.0 ± 0.1 

10.0 mg/L 9.3 ± 0.02 9.3 ± 0.07 9.1 ± 0.02 

Glutathione Day 1 Day 2 Day 3 

0.5 mg/L 0.49 ± 0.04 0.45 ± 0.001 0.41 ± 0.005 

1.0 mg/L 0.99 ± 0.03 1.04 ± 0.01 0.98 ± 0.03 

5.0 mg/L 5.63 ± 0.08 5.64 ± 0.14 5.50 ± 0.13 

 

The percent difference of ascorbic acid over three days for the standard concentrations 

of 2.5, 5 and 10 mg/L were 0.7 %, 10.9 %, and 2.2 %.  Glutathione inter-day precision 

was performed on standard concentrations of 0.5, 1 and 5 mg/L resulting in percent 

difference of 15.9 %, 8.1 % and 2.8 %.  The high percent difference seen in the 0.5 

mg/L glutathione can be attributed to this value being at the LOQ concentration.  

Additionally, for both ascorbic acid and glutathione, there is the possibility that an 

increased value in the inter-day precision was caused by excess oxygen entering into the 

sample during preparation for on any given day.  The scavenging of the oxygen by either 

ascorbic acid or glutathione can increase the variability between samples especially at the 

lower concentrations, as changes would be more pronounced. 
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4.3.4 Glutathione chromatographic purity 

Samples spiked with known concentrations of both ascorbic acid and GSH resulted in 

proportionally quantifiable increases to the areas of the identified peaks.  This technique 

also resulted in a single peak being present for each, suggesting that there are no co-

eluting peaks.  To verify the lack of co-eluting peaks, excess copper was added to bind 

the GSH.  Upon reanalysis, no peak was present at the identified GSH standard’s 

retention time.  In combination, these experiments verify the elution of a pure GSH 

peak. 

 

4.4 CONCLUSIONS 

The developed method has a large linear range, which encompasses the concentrations 

of the two compounds typically found in wines.  With the LOD of the compounds being 

a fraction of the units of measure (mg/L), detection at low concentrations is possible.  

Quantifiable levels of both compounds are around 1 mg/L, with GSH being quantifiable 

at 0.5 mg/L.  The increased sensitivity to GSH can be attributed to the use of the 

electrochemical detector for analysis.  Recovery of the compounds was excellent over the 

linear range including concentrations at the LOQ.  Precision of the assay was 

demonstrated in multiple techniques.  The ability of the assay to be reproducible over 

these tests ensures that the values obtained at different times can be compared to each 

other, allowing for determinations to occur when samples are fresh, thereby eliminating 

variability, which may occur as a result of storage.  The modified assay procedure was 

shown to be robust and effective for the determination of ascorbic acid and GSH over a 

large linear range. 

 

 



	

 

CHAPTER 5. RESULTS AND DISCUSSION 

 

5.1 RESEARCH SCHEME 

Phenolic compounds possess significant antioxidant activity, which has been linked to 

health benefits as well as enhancing preservation of foodstuffs containing, or in contact 

with, polyphenol antioxidants.  White wines have typically been viewed as not as 

beneficial for the health as red wines, as they are low in phenolic content.  However, 

white grapes do possess many of the same antioxidant compounds as red grapes.  

Production methods and consumer preference play a vital role in the amount of phenolic 

compounds that are found in the wines, as they tend to add bitterness and astringency to 

the wines. 

 

Initial studies involved evaluating maceration techniques to increase phenolic content in 

Sauvignon blanc wines and are reported in Australian Journal of Grape and Wine Research 

(2015); 21(1):57-68.  Results of this study determined the methods most appropriate for 

creating a phenolic enhanced wine.  Several methods produced wines with increased 

phenolics and antioxidant activity, however only cryogenic macerated wines maintained 

characteristics of the control wines.  Because of the increased mouth feel attributes a 

varietal, which is typically associated with a fuller body was selected to undergo a similar 

trial, Chardonnay.  However, there was another question to be answered with Sauvignon 

blanc, “what is the impact of machine harvesting on the cryogenic macerated grapes?”  

 

The machine harvest trials of Sauvignon blanc commenced as a result of the cryogenic 

studies showing increased aroma compounds as a result of machine harvesting.  This 

increased aroma and a variation to the cryogenic maceration was hoped to provide a 
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wine with the increased antioxidant activity and aromas and flavors of the controls.  

Indeed, this happened with cryogenic treated wines, with the hand-picked cryogenic 

having a minor increase in two aroma attributes examined by sensory evaluation.  On a 

more positive note the cryogenic treatment increased the varietal thiols of this wine to 

levels commonly associated with machine harvesting.  Results are reported in Food 

Chemistry (2015); 183:181-189. 

 

Evaluation of the Chardonnay for efficacy of the maceration techniques was commenced 

due to the positive results seen in Sauvignon blanc and the varietal characteristics of 

Chardonnay.  Again the cryogenic maceration technique produced a wine that was 

enhanced in phenolic compounds and aromas.  The increase in phenolics did not 

adversely impact the tactile attributes of the wines, showing that this is a viable technique 

for production of higher phenolic Chardonnay wines and is reported in LWT-Food Science 

and Technology (2016); 65(1):152-157. 

 

Wine production generates a large amount of Agro-waste.  This waste is high in 

antioxidant compounds as well as other valuable commodities.  Making use of this waste 

in extracting the antioxidants would increase the benefit from the wine making process 

and help reduce the environmental impacts posed by wine operations.  An extraction 

method based using water as a solvent was developed and the obtained extract was 

characterized, which is reported in section 5.5 in article formatted for submittal to the 

American Journal of Enology and Viticulture. 

 

The extracts obtained from the winery wastes were considered for several applications.  

Having shown high antioxidant activity, and after examining the literature concerning 

antimicrobial activity, the extracts were considered for use in active packaging.  The first 
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study involved solution preparation of ethyl cellulose films.  These studies established the 

efficacy of using the extracts as antioxidants in the films as well as establish the binding 

mechanism between the ethyl cellulose and tannins.  The findings are reported in Cellulose 

(2014); 21(6): 4545-4556. 

 

Commercially, solution forming of films is not common.  This led to the evaluation of 

ethyl cellulose blends for hot-mix preparation. As a result, polyolefin blends were 

assessed for efficacy as active packaging.  Thermoplastic processing was shown not to 

inhibit the antioxidant activity.  The functionality of the polymers was also not 

compromised by tannin addition.  Incorporation of tannins into a polyolefin polymer 

matrix (HDPE, LLDPE and PP) produced films with enhanced antioxidant activity.  

PET is another frequently used polymer in the plastics industry.  As such, it was 

compared to LLDPE and PP to evaluate its effectiveness as a matrix for tannin 

incorporation.  However, the high temperatures required for processing PET resulted in 

thermal decomposition of the extract.  Results of these studies are reported in the Journal 

of the Science of Food and Agriculture (2015); In Press and the International Journal of Nano 

Technology; In Press, respectively.  
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5.2. Austral ian Journal  o f  Grape and Wine Research (Olejar et al. 2015a) 
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Table S1. Descriptors, sub-descriptors and examples of aroma attributes utilised for sensory 
profiling of the wines. 
 
Descriptor Sub-descriptor Example 

Fruity Citrus Grapefruit, orange, lemon, lime, citrus peel 

Stone fruit Apricot, peach, nectarine 

Tropical fruit Banana, guava, mango, passionfruit, pineapple 

Other fruit Apple, gooseberry, pear, berries, melon, kiwi 

Floral Floral Herb, honeysuckle, rose, lilac, orange blossom 

Green Green Grassy, herbaceous, tomato vine, stalky, nettles, mint 

Green vegetable Capsicum, asparagus, pea, canned asparagus, bean 

Sharp Pungent Cat’s pee, acid 

Solvent Petrol, Alcohol, Kerosene, Oil, Diesel 

Spicy Spice Tangy, black pepper, musky, anise, fennel 

Sweet Lolly Banana lolly, apple lolly, honey, buttery, vanilla 

Other Mineral Flint, mineral, steely 

Earthy Mushroom, damp earth, moldy 

Other Sweaty, yeasty, nutty, olive oil, boxwood, broom 

 
 
 
 
Table S2.  Effect of maceration technique on the average CIELab tristimulus colour values 
for triplicate samples of wine. 
 

 L* a* b* C* H* 
C 98.46 ± 0.18 a -0.94 ± 0.09 a 3.39 ± 0.83 a 3.52 ± 0.83 a 105.81 ± 2.26 a 

ESC 98.39 ± 0.09 a -0.40 ± 0.05 b 2.34 ± 0.27 a 2.37 ± 0.27 a 99.93 ± 0.98 b 
CR 98.20 ± 0.12 a -0.30 ± 0.03 b 2.83 ± 0.27 a 2.85 ± 0.27 a 96.15 ± 1.11 c 
CM 95.95 ± 0.13 b 0.64 ± 0.10 c 8.64 ± 0.65 b 8.67 ± 0.66 b 85.75 ± 0.54 d 

CRCM 94.98 ± 0.20 c 0.90 ± 0.12 d 12.49 ± 0.34 c 12.52 ± 0.35 c 85.84 ± 0.48 d 
Difference in letters reflects significance between experimental groups, one-way means 
ANOVA, Tukey-Kramer HSD at P < 0.01. L*, lightness; a*, green to red colour opponent 
dimension; b*, blue to yellow colour opponent dimension; C*, chromaticity; H*, hue, C, 
control; ESC, skin contact; CR, cryogenic maceration; CM, carbonic maceration; CRCM, 
cryogenic and carbonic maceration. 
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Table S3. Coefficients of determination and P-values for simple linear regression of phenolic 
acids detected in wines and observed antioxidant activity by assay. 
 

Phenolic  
substance 

DPPH ORAC F-C 

 R2 P-value R2 P-value R2 P-value 
Gallic acid 0.9828 <0.0001 0.9372 <0.0001 0.8904 <0.0001 
Syringic acid 0.9831 <0.0001 0.9688 <0.0001 0.9073 <0.0001 
Tyrosol 2.28E-5   0.9865 0.0008   0.9191 0.0062 0.770 
p–Coumaric acid 0.4833 0.004 0.4720 0.004 0.4092   0.0102 
Coutaric acid 0.6563   0.0003 0.7226 <0.0001 0.6256   0.0004 
Caffeic acid 0.7445 <0.0001 0.6655   0.0002 0.7845 <0.0001 
Caftaric acid 0.7046 <0.0001 0.7859 <0.0001 0.6514   0.0003 
GRP 0.4648  0.005 0.4966   0.0033 0.3862 0.013 
Ferulic acid 0.9377 <0.0001 0.9093 <0.0001 0.8134 <0.0001 
Resveratrol 0.1447   0.1618 0.1518   0.1511 0.1074 0.030 
(+)-Catechin 0.9094 <0.0001 0.9420 <0.0001 0.8330 <0.0001 
(-)-Epicatechin 0.9722 <0.0001 0.9673 <0.0001 0.8990 <0.0001 
ECG 0.4332   0.0076 0.4480   0.0063 0.2891 0.030 
ECGC 0.5821   0.0009 0.4960 0.003 0.5520   0.0015 
Quercetin glycoside 0.7665 <0.0001 0.7296 <0.0001 0.7277 <0.0001 

ECG,	epicatechin	gallate;	ECGC,epigallocatechin	gallate;	GRP,	grape	reaction	product;	
DPPH,	2,2-diphenyl-1-picrylhydrazyl;	ORAC,	oxygen	radiacl	absorbance	capacity;	F-C,	
Folin-Ciocalteu.	
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5.3. Food Chemistry  (Olejar et al. 2015b)  
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Table S1.   
CIELab color attributes of hand-picked control (HPC), hand-picked cryogenic (HPCR), 
machine harvested control (MHC) and machine harvested cryogenic (MHCR) wines.  L* is 
lightness, a* is green to red color index, and b* is blue to yellow color index. 
Treatment L* a* b* 
HPC 93.7 ± 0.8 -0.58 ± 0.18 2.81 ± 0.88 
HPCR 92.5 ± 0.6 -0.52 ± 0.07 3.72 ± 0.28 
MHC 93.9 ± 0.5 -0.51 ± 0.06 2.91 ± 0.25 
MHCR 92.9 ± 0.6 -0.49 ± 0.07 3.51 ± 0.47 
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5.4.  LWT-Food Science  Technology (Olejar et al. 2016) 
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Abstract 

Valorization of agricultural waste has become increasingly important.  Wastes generated by 

wineries are high in phenolic compounds with antioxidant and antibacterial properties, which 

contributes to phytotoxicity, making its immediate use for agricultural means limited.  Utilizing a 

water-based extraction method, the phenolic compounds from winery waste were extracted and 

purified.  The resulting extract was characterized for phenolic composition using HPLC for 

monomers, and spectral assessment of the tannins present using ATR-FTIR, FT-Raman, and 

solid state NMR.  The extract was very effective in scavenging the 2,2-diphenyl-1–picryhydrazyl 

(DPPH) radical.  Greater efficacy against gram-positive bacteria was shown over gram-negative 
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bacteria, which can be linked to both monomeric and tannin polyphenols, which have multiple 

modes of bactericidal action.  

 

Keywords 

Antioxidant activity; Antimicrobial activity; Grape tannin extract; Phenolic compounds; Waste 

valorization 

 

Introduction 

Agro-wastes resulting from the production and processing of agricultural material create a 

unique set of challenges and opportunities.  In the wine industry, agro-waste is generated in large 

quantities during harvest production, typically lasting 2 to 3 months of the year.  These wastes 

contain many plant polyphenols, which are free radical scavengers and possess antimicrobial 

activity (Özkan et al. 2004; Schieber et al. 2001). 

 

Grape phenolic compounds have multiple structures ranging from simple mono-substituted 

phenolic acids to multi-substituted ring systems and tannins.  These structures can also form 

more complex combinations resulting in dimers, trimers, and polymeric chains of the original 

monomer. The most recognized group of monomers exhibiting these attributes are flavanols, 

which have a C6-C3-C6 carbon bond structure.  Flavanols form polymeric chains through C4-

C8 or C4-C6 bonding of the C and A rings for Type B proanthocyanidins. These polymeric units 

are reactive towards proteins with increased protein affinity when the polymer remains flexible 

by having an increased ratio of C4-C8 to C4-C6 bonds.  

 

Grapes produce phenolic compounds in response to plant stressors.  These stressors range from 

drought conditions, to mold infection, to UV radiation. Production of the phenolic compounds 

occurs within the cells of the grape, leaves, and vines.  Within the grape, the seeds are particularly 
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high in monomeric and polymeric based flavanols, while the skin contains mostly flavanols and 

flavonols (Rodríguez Montealegre et al. 2006).  During wine production these compounds are 

extracted during maceration, although not all are removed.  White wines in particular, typically 

do not undergo macerations, and grape skin contact with the juice is minimal prior to 

fermentation.  While alcohol aids in the extraction process with red grapes, white grape marc has 

larger amounts of phenolics available. 

 

Studies on phenolics have linked individual compounds and combinations of compounds to 

antioxidant, antimicrobial and antiviral activity in both in-vitro and in-vivo studies (Alldrick et al. 

1986; Bekhit et al. 2011; Cueva et al. 2012; Soobrattee et al. 2005).  Villano et al. (2007) 

performed studies to calculate an antioxidant efficiency coefficient based on the ability of 

individual phenolics to scavenge the 2,2-diphenyl-1–picryhydrazyl (DPPH) free radical, and 

established reaction rate constants.  This coefficient allows for a better understanding of the 

antioxidant activity possessed by a collection of these compounds, such as in a grape extract. 

 

Several methods have been developed and used in industry for the removal of phenolic 

compounds and other materials, such as tartaric acid, from winery wastes.   These methods have 

focused on extracting large quantities of phenolics by utilizing solvents, not all of which are 

approved for use in contact with food, or involve expensive equipment, i.e. subcritical or 

supercritical fluids (Aliakbarian et al. 2012; Spigno et al. 2007).  To make the extraction of 

phenolics possible as an industry option, the costs of extraction and the equipment employed 

must be less than the receivable profits.  In addition, the ability to utilize the extract in 

applications associated with foods and/or personal hygiene expands the available market.  For 

these reasons, water was selected as the extraction solvent.   
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The aim of this work was to evaluate a grape marc extract established from a water based 

extraction method in order to minimize extraction costs and increase the value of the waste.  

Characterization of the extract was undertaken to better understand the compounds present, 

which contribute to the antioxidant and antimicrobial activities.  This was accomplished through 

FT-IR and FT-Raman spectroscopies, HPLC, and solid-state NMR.  The extract was also 

measured for Folin-Ciocalteu total phenolics and DPPH radical scavenging activity.  

Antimicrobial testing against Candida albicans (C. albicans), Escherichia coli 25922 (E. coli), and 

Staphylococcus aureus 6838 (S. aureus) was undertaken in order to explore the potential for utilizing 

the extract as a natural alternative to synthetic antioxidants and antimicrobials. 

 

Materials and Methods 

Phenolic Compound Extraction 

Utilizing the grape marc waste stream of a winery, bulk waste from the 2013 vintage containing 

white grape skins, seeds, and residual leaf and stem materials was obtained.  In order to reflect 

the actual conditions during processing, the waste consisted of a mixture of varieties that were 

being processed, but was predominantly Sauvignon blanc.  The white grape marc, 4.5 kg wet 

weight, was ground using a food processor with equal parts by volume of purified water 

(Barnsted Naonopure, 18-Ω water system, Thermo Scientific, Waltham, MA).  The resulting 

slurry was then extracted with 18-Ω water in a final volume of approximately 20 L for 24 hours.  

The extract was then filtered using a sieve to remove the marc from the filtrate.  The marc was 

then extracted once more with 20 L of water.   

 

The filtrates were then combined and passed through a column (2.5 × 60 cm) packed with 

Amberlite FPX-66 resin purchased from Dow Chemicals Ltd. (Auckland, NZ). The column was 

washed with 3 volumes of water.  The phenolic compounds were released by passing 2 volumes 

of ethanol (Scharlau, Sentmenat, Spain) through the column.  The ethanol fraction was collected 
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and concentrated using a Roto-Vap (Savant, Thermo Fisher Scientific, Waltham, MA).  The 

concentrate was then dehydrated in a Speed-Vap (Thermo Savant, Waltham, MA). 

 

Total Phenolic Content 

Total phenolic content was established by the Folin-Ciocalteu assay as described by Bajčan et al. 

(2013).  The obtained extract was weighed and dissolved in 50% ethanol solution at a 

concentration of 1 mg/mL; standards were also prepared in a 50% ethanol solution.  In a 50 mL 

volumetric flask, 1.0 mL of extract solution or gallic acid standard (Sigma-Aldrich, St. Louis, 

MO) and 5.0 mL of distilled water were added.  To this 0.25 mL of Folin-Ciocalteu reagent and 

3.0 mL of 20% sodium carbonate (Sigma-Aldrich) were added.  The flasks were brought to 

volume with distilled water and placed at room temperature, where they were shielded from light 

for 90 min.  The absorbance of the samples was then measured at 765 nm. 

 

Antioxidant Activity (DPPH radical scavenging) 

The 2,2-diphenyl-1–picryhydrazyl, DPPH, (Sigma-Aldrich) radical scavenging assay was 

performed using a spectrophotometer at 515 nm to determine the antioxidant activity of each 

extract utilizing a modified method outlined in Villano et al. (2007). Briefly, extracts were 

dissolved in 80% methanol (Scharlau) at a concentration of 1 mg/mL.  DPPH was dissolved in 

80% methanol at concentration of 63.4 µmol/L.  To 20 mL of the DPPH solution 100 µL of the 

extract solution was added and incubated at room temperature for 24 hours protected from light.  

The DPPH solution was serially diluted to make a standard curve on the day of preparation.  

The high concentration was incubated with the samples to serve as a blank.   

 

HPLC for Monomeric Phenolic Determination  

Phenolic compounds were determined by HPLC using the method described by Olejar et al. 

(2015).  Extract samples were prepared in duplicate by making a dilution of a 1 mg/mL stock 
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solution.  Extract and standard solutions were filtered through 0.2 µm syringe filter and 20 µL of 

the filtrate was injected into an Agilent 1100 HPLC with UV/Vis detector (Santa Clara, CA, 

USA) and an ESA Coulochem III electrochemical detector (Waltham, MA, USA).  

Chromatography occurred at 1.0 mL/min over 30 min at 40 °C on a 3.0 × 100 mm, 3 µm, 

Supelco Ascentis RP-amide column (St. Louis, MO, USA).  Analyte separation was performed 

using a gradient elution of mobile phase A: 30 mmol phosphate buffer at pH 2.6, and mobile 

phase B: a mix (30:10:60) of 100 mmol phosphate buffer, methanol, and acetonitrile at pH 2.6.  

The gradient was 0-10 min 12% B, 10-15 min 30% B, 15-17.5 min 55% B, 17.5-21 min 55% B, 

21-23 min 100% B, and 23-25 min 0% B.  Detection of analytes was undertaken at 280, 305, 320 

and 365 nm, as well as at 450 and 750 mV.   

 

Spectroscopic Analysis 

The ATR spectra were registered using a diamond ATR Smart Orbit™ accessory (from Thermo 

Optec) with a bouncing refractive infrared beam at 45° angle of incidence, using a DTGS 

detector with a KBr window and operating in the Mid-IR. The spectra were obtained by placing 

the phenolic extract on the macro ATR crystal and applying pressure to optimize contact, and 

scanned over the range of 4000–650 cm−1 with resolution 4 cm−1 and averaged over 128 scans. 

Standard software (Omnic ESP, version 7.2) was used for data acquisition and analysis. 

 

FT-Raman spectra were collected on the phenolic extract using a Bruker MultiRAM instrument 

(Bruker, Ettlingen, Germany). A liquid – nitrogen – cooled germanium diode detector was used, 

controlled by the Bruker OPUS v6.0 software. The excitation source was a Nd:YAG 1064 nm 

laser, operating in the near infrared (NIR) region. In order to avoid sample burning the laser was 

defocussed, resulting in a 2 mm laser spot size with 500 mW power applied. 128 scans were 

averaged over every acquisition, with a spectral resolution of 4 cm-1 in the wavenumber range of 

3500 – 0 cm-1. Bruker OPUS v6.0 software was used for data acquisition (Bruker, Ettlingen, 
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Germany), while spectral corrections (baseline correction and smoothing: 9 points) were 

performed with Omnic ESP, version 7.2 (Thermo Scientific, Waltham, MA).   

 

Solid-state Nuclear Magnetic Resonance (SSNMR) 

The solid-state NMR experiments were performed using a Bruker Avance 300 spectrometer 

operating at 300.13 MHz proton frequency. A multinuclear double-tuned Bruker probe with 7 

mm zirconia rotors, retained with Kel-F end-caps was used. The 13C CP/MAS spectra were 

recorded using a 4.2 µs 90° proton pulse, the recycle delay of 1.5 s and a spin rate of 7.0 and 4.0 

kHz to check the sidebands. A contact time of 1 ms was used for the 13C CP/MAS experiments. 

1H decoupling was obtained via the continuous wave approach. The number of scans was 2600. 

All spectra were referenced (externally) to adamantane (38.48 ppm) and were processed using 

TopSpinTM NMR Software (Bruker). 

 

Antimicrobial Activity 

Extracts were tested for minimum bactericidal concentration (MBC) against Escherichia coli 

ATCC25922, Staphylococcus aureus ATCC6838, and Candida albicans ATCC1212 (Garcia and 

Isenberg 2010; Gizdavic-Nikolaidis et al. 2011). Briefly, 2% concentrations of the extracts in 

tryptic soy broth (TSB) (Hach Pacific, Penrose, Auckland, New Zealand) were subjected to 

doubling dilution in 96-well flat-bottomed polystyrene microtiter plates.  To these approximately 

1 × 106 organisms were added and incubated at 37 °C at 200 RPM for 24 hours.  From each well 

20 µL was removed and drop plated on a TSB agar plate and allowed to dry.  Following 

incubation at 37 °C for 24 hours the appearance of colonies were noted to establish the MBC.  

Bactericidal concentration was established as a reduction of 1 × 103 organisms.   
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Rebelein Residual Sugar 

Residual sugars in the extracts were determined by the Rebelein method (Zoecklein 1995).  

Briefly, extract was dissolved in water to make a 2 mg/mL solution.  Into a 200 mL flask 10 ml 

of a 0.168 M copper sulfate in 0.01 N sulfuric acid solution, 5 mL of 0.886 M Rochelle salt in 2 

M sodium hydroxide and 2 mL of sample were combined.  The mixture was heated rapidly until 

steam was derived and maintained for 1.5 min, after which it was rapidly cooled in an ice bath.  

To this 10 mL of 1.81 M potassium iodide in 0.1 N sodium hydroxide, 10 mL 16% sulfuric acid 

and 10 mL of a 1% starch indicator in 0.120 M potassium iodide in 0.01 N sodium hydroxide 

were combined.  Titration occurred with 0.056 M sodium thiosulfate in 0.05 N sodium 

hydroxide. 

 

Statistical Analysis 

Basic data analysis was performed using Microsoft Excel 2011 for Mac (version 14.4.7, Microsoft 

Corporation, Redmond, WA, USA).  

 

Results and Discussion 

Extraction 

Extraction with water and subsequent Amberlite® purification yielded 1.3% (w/w) of extract.  

Although this value is in the range provided by other publications (Aliakbarian et al. 2012; de 

Campos et al. 2008), the obtained value is considered low due to two factors: the extraction 

solvent being water and loss during the purification step.  Water has been shown to not be as 

effective as organic solvents when used alone in the extraction of phenolics from grape marc 

(Spigno and De Faveri 2007).  Extraction using mixed solvents tends to produce the highest 

extraction yields.  Spigno et al. (2007) evaluated the effects of time, temperature and solvent on 

the extraction of phenolics from grape marc finding that elevated temperatures and a mixture of 

solvents increased the extract yield.  The current extraction at room temperature may be 
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modified to maximize the extract obtained from the aqueous process by increasing the water 

temperature, using sub-critical water or ultra-sonication.  Additionally, the purification step with 

Amberlite®, which binds phenolic compounds, can permit some phenolics to pass through the 

column unbound when saturated or sterically hindered.  The decrease in phenolics caused by 

purification is out-weighed by the benefits of lower extraneous materials such as carbohydrates 

(sugar), lipids, and other non-phenolic based materials. The water-based extraction also provides 

a solution, which is compatible with the Amberlite® purification.  Ethanol is used to release the 

phenolic compounds from the Amberlite, as such, this commonly used solvent for extraction of 

phenolics could not be used to increase the yield if the purification process was to be utilized 

without the addition of additionally steps to eliminate the ethanol prior to purification.   

 

Monomeric phenolic compounds 

The phenolic profile of the extract is given in Table 1 and the percentage of each phenolic 

grouping is given in Figure 1.  It is well known that antioxidant activity is directly related to the 

phenolic content of such an extract.  As outlined by Villano et al. (2007) individual phenolic 

compounds have differing reaction rates and abilities to scavenge radicals.  These traits 

combined with the individual phenolic concentrations result in the observed antioxidant activity.  

 

The phenolic profile of the extract shows high levels of flavan-3-ols (47.8 µg/mg of extract).  

Flavan-3-ols are considered highly reactive as a result of their ability to form intermolecular 

bonds between molecules and with gallic acid, as seen by Yilmaz and Toledo (2003) where the 

superior antioxidant activity of grape seeds could be attributed to the formation of these 

compounds.  Galloylation and polymerization of flavanols has been observed to increase the 

antioxidant activity of the molecule (Plumb et al. 1998). Monomeric phenolic acids made up 16.9 

µg/mg of the extract.  The detected monomeric phenolic profile is only a portion, 7% by weight, 

of the active compounds present in the extract, as there are dimeric, trimeric, oligomeric and 
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polymeric compounds, as well as impurities constituting the remaining 93%.  Confirmation of 

the presence of these compounds comes from ATR-FTIR, FT-Raman, and solid-state NMR 

studies. 

 

Table 1.  Phenolic profile of the monomers in the extract expressed as µg per mg of extract, 

unless otherwise noted. 

 µg/mg of extract 
Gallic acid 2.63 ± 0.03 

Ferulic acid 6.59 ± 0.13 
p-coumaric acid 2.01 ± 0.11 

Caffeic acid 5.63 ± 0.32 
(+)-catechin 7.01 ± 0.02 

(-)-epicatechin 16.8 ± 1.1 
epicatechin gallate† 15.4 ± 1.5 

epigallocatechin gallate 7.89 ± 0.40 
Quercetin glycoside‡ 7.59 ± 0.08 

Sum of monomeric phenolics c. 70 (i.e. 7% by weight) 
† Expressed in (+)-caffeic acid equivalents 
‡ Reported in rutin equivalents 
 

Figure 1.  Graphical representation of the phenolic compounds classifications as a percentage of 

the compositions of the grape marc extract. 
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Spectroscopic techniques 

ATR-Fourier Transform Infrared spectroscopy 

ATR-FTIR analysis of the extract indicated the presence of a mix of hydrolysable and condensed 

tannins (Figure 2).  Hydrolysable tannins, found in grape skins and seeds, (Creasy and Creasy 

2002; Santos-Buelga et al. 1995) can be identified by the broad peak at 1712 cm-1 attributable to 

carbonyl stretch, peaks at 1200 cm-1 and 1033 cm-1 of the C-O asymmetric and symmetrical 

stretching, and peaks at 873 cm-1, 765 cm-1, and 1088 – 1082 cm-1, which are obscured by the 

intensity and broadening of the peak at 1030 cm-1.  Condensed tannins are identified through 

shoulders on the broad peaks at 1162 – 1155 cm-1, 1116 – 1110 cm-1, 974 cm-1, and 844 – 842 

cm-1.  Additionally, the peak at 1516 cm-1 when present as a doublet indicates the presence of 

non-gallate procyanidins, which is commonly associated with the flavanol gallate skeletal stretch 

of an o-distributed aromatic B-ring, was only observed as a singlet.  Furthermore there is a C-C-

OH deformation of a flavanol heterocyclic ring, as indicated by the doublet at 840 – 795 cm-1, 

which also indicates a mixture of tannins in the cis and trans configuration with trans being 

predominant, as confirmed by the peak at 1603 cm-1 (Ricci et al. 2015). 

 

Figure 2.  Extract spectral analysis performed using ATR-FTIR. 
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The peak at 1603 cm-1 is the C=C–O deformation of the heterocyclic C-ring in the dominant 

planar trans form.  Cis is less sterically constrained and therefore produces a band shift to a 

higher frequency. The large broad peak at 3660 – 3000 cm-1 is indicative of an OH stretch of a 

benzene nucleus and methyl tannin groups with a peak at 3400 – 3200 cm-1 for the OH stretch 

of tannins.  Peaks at 2968 cm-1 and 2928 cm-1 are due to symmetrical and asymmetrical stretches 

of CH2 groups (Ricci et al. 2015).    

 

Fourier Transform Raman Spectroscopy 

FT-Raman exhibits a number of diagnostic peaks and a generic low intensity of signals, but it 

provides useful information about the composition of the extract (Figure 3). Several weak signals 

occurring in the region less than 600 cm-1 are attributable to a combination of C-C and C-O 

vibrational motions, which can be due both to the heterocyclic C-ring of flavonoid – like 

structures, and C-O linkages of hydroxyl groups in hydrolysable compounds (Edwards et al. 

2005). The peak at 719 cm-1 is specifically assigned to the –CH out-of-plane vibrations of the o-

substituted aromatic ring of flavonoid compounds, coupled to the 1507 cm-1 weak band due to 

the in–plane deformation of the B phenyl ring (Buchweitz et al. 2012). The 780 cm-1 peak is 

probably related to CH out of plane deformation of aromatic substituted rings, but the exact 

attribution is controversial. The 1361 cm-1 peak was reported as a combination band between C-

C stretching of aromatic rings and ring deformation vibrations, and the expected related 

vibration around 1331 cm-1 is shifted to lower frequencies for this sample at 1296 cm-1 (Merlin et 

al. 1994). Authors attributed this shift to the occurrence of the polymerization process, which 

decreases the ability of the aromatic quadrant to undergo vibrational deformations, and it has 

been as evidence of the polymerization of phenolic compounds. Several authors agree that the 

strong peak occurring at around 1611 cm-1 is diagnostic of the presence of phenolic compounds, 

and it is related to C-CH quadrant stretching modes (Edwards et al. 2005; Nickless et al. 2014). A 

further signal present as a shoulder around 1687 cm-1 is related to combination vibrations, where 
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C=C and C=O moieties are involved; (Edwards et al. 2005) the latter is attributable to 

hydrolysable structures. A noisy spectrum between 1700 and 2000 cm-1 makes the recognition of 

bands occurring for C=O carbonyl and carbonyl esters group difficult. The peak at 1452 cm-1 

coupled with a broad signal centered around 2879 cm-1 could be attributed to the presence of 

methyl esters; these are assigned to the CH bending in the former case and the stretching of 

aliphatic CH in the latter (Edwards et al. 2005). A further consideration about the extent of 

polymerization for this extract involves the aliphatic CH stretching (broad band) and the C-O 

stretching occurring at 1095 cm-1 (weak signal); these peaks are weakened in the case of 

polymeric structures, as was observed for lignin, (Himmelsbach and Akin 1998) while there is a 

relative increase in signal related to aromatic structures, as observed here at 2931 and 3062 cm-1 

(CH stretching of aromatic rings), and 1611 cm-1. 

 

Figure 3.  FT-Raman spectra of purified grape marc extract. 
 

 
 

Solid-state Nuclear Magnetic Resonance 

The SSNMR analysis (Figure 4) supports the FTIR interpretation of the extract being rich in 

tannins. The peak at 108.0 ppm can be attributed to the interflavanoid bonds at C4-C8 

(Navarrete et al. 2010; Newman and Porter 1992).  The lack of a peak around 95 ppm, which 

was previously attributed to the C4-C6 interflavanoid bond, (Navarrete et al. 2010) combined 
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with the presence of the peak at 108.0 ppm, suggests that the structural units are mostly linked to 

the C4-C8 bond, which represents the prevalent structure within the tannin formation in the 

extract.  

 

Figure 4.  Carbon-13 Solid-State NMR spectra of grape marc extract with the main peaks 

labeled. 

 

 
 

The low intensity, broad peak centered at 174.4 ppm can be associated with the gallic acid 

residue linked to the C3 of the heterocyclic ring of the flavonoid, more specifically the C=O of 

the gallic residue linked to a catechin or epicatechin (Navarrete et al. 2010). 

 

Peaks relating to OH moieties connected to the A-ring of flavonoids are seen at 155.7 ppm (C5, 

C7) and for the B-ring 144.5 ppm (C3´, C4´) and 116.9 ppm (C5´) (Navarrete et al. 2010). The 

peak at 131.8 ppm is indicative of the bond at C1´ connecting the B and C-rings (Martı́nez-Richa 
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and Joseph-Nathan 2003). The OH moiety on the C-ring at C3 is represented as a shoulder at 

65.4 ppm (Martı́nez-Richa and Joseph-Nathan 2003). This peak is very broad in nature and 

therefore covers the C2 bands.   

 

Free C in the flavonoids is seen as peaks at 98.2 ppm (C6, C8, C10) and a shoulder at 

approximately 20 ppm (C4) (Navarrete et al. 2010; Wawer et al. 2006). The peak at 37.8 ppm is 

attributed to C4 involved in interflavanoid bonding (Pizzi and Stephanou 1993). The larger 

intensity of this peak compared to the one at 20 ppm suggests that the extract is highly polymeric 

in nature, further confirming the assignment of the peak at 108.0 ppm.  

 

Antioxidant activity 

The total phenolic (Folin-Ciocalteu) (Figure 5) and antioxidant activity (DPPH radical 

scavenging) (Figure 6) of the derived extract and a commercially available extract were 

compared.  The total phenolic content was 255 ± 3 mg GAE/g for the obtained extract and 258 

± 4 mg GAE/g for the commercial extract, respectively.  These results are within the range of 

total phenolics found by Apostolou et al. (2013) of 167 and 444 mg GAE/g for grape pomace 

and grape seed extracts and Sagdic et al. (2011) in grape pomace, 75 to 288 mg GAE/g extract 

according to the grape cultiver.  The values for the DPPH radical scavenging of the two extracts 

were: derived 1.15 ± 0.06 µmol/mg and commercial 1.01 ± 0.06 µmol/mg, or 83.9 ± 0.8% and 

81.5 ± 0.3% scavenging, respectively, for this test procedure.  Similar results were found for the 

DPPH radical scavenging in a previous study involving Pinot meunier, 0.0723 to 1.18 µmol/mg, 

and Pinot noir, 3.9 to 6.6 µmol/mg extract, depending on solvent type at 50% DPPH inhibition 

(Cheng et al. 2012).  For comparison, converting the results of the current study to 50% 

inhibition values, 0.685 and 0.620 µmol/mg of extract was calculated for the obtained and 

commercial extracts, respectively, which are within the previously reported ranges. 
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Figure 5.  Total phenolic content of the obtained extract and a commercially available extract 

assessed by the Folin-Ciocalteu assay. 

 
 

Figure 6.  Percentage of 63.4 µmol DPPH radical scavenged by 1 mg of extract. 

 
 

Antimicrobial activity 

The minimum bactericidal concentration (MBC) of the extract was found to be 0.125% against 

S. aureus (Figure 7), and 2.0% against E. coli (Figure 8).  In contrast, the commercially obtained 

extract had a MBC of 0.125% against S. aureus and was not effective against E. coli at the tested 

concentrations. It can be seen that the extracts are most effective against S. aureus, a gram-



Results and discussion 

166 		

positive bacteria.  Neither extracts displayed effectiveness against C. albicans at the tested 

concentrations.  However, phenolics have been shown to have a minimum inhibitory 

concentration against C. albicans at concentrations greater than 2 mg/mL (Cheng et al. 2012, 

Oliveira et al. 2013).  This supports the observations of the current study.  The activity profile of 

the current study is supported in several other studies utilizing gram-positive bacteria (Cheng et 

al. 2012; Delgado Adámez et al. 2012).  Tesaki et al. (1999) investigating the activity associated 

with grapes were further able to identify gallic acid as the compound effective against gram-

positive bacteria.  The current study suggests that there is efficacy for use of the extract at 

concentration above 0.125% for bactericidal application against gram-positive bacteria and 

suggests efficacy for gram-negative bacteria at the higher concentration of 2%.  Further testing 

to expand the spectrum of bacteria affected by exposure to the extract is needed.  However, the 

literature supports the use of grape extract against many types of bacteria (Delgado Adámez et al. 

2012; Friedman 2014). 

 

The antioxidant and antimicrobial activity against gram-positive bacteria at low concentrations 

show the potential for applications of grape tannins, one of which is as a packaging material to 

protect contents against bacterial and oxidative spoilage.  The combination of monomeric and 

tannic phenolic compounds provides a range of compounds for protection, as the monomeric 

compounds have a decreased steric hindrance, while the tannins provide multiple active sites, as 

well as increased scavenging ability.   

 

Residual sugars 

In order to assess the extracts efficacy for melt blending polymer applications a comparison of 

the residual sugar contents between the obtained and commercial extracts was performed.   A 

three-fold decrease in sugar content of the obtained extract over the commercial extract (70 ± 33 

and 233 ± 66 mg/g, respectively) was observed.  The purification of the extract lowers the sugar 
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content, thereby decreasing the possibilities of off colors as a result of sugar caramelization due 

to the required temperatures.  The FTIR and FT-Raman spectra suggest that there are 

hydrolysable tannins in the extract, which may account for some of the sugar detected, as sugar 

molecules are attached to the phenolic moieties in the case of this tannin structure.  However, 

with the combination of high temperatures, phenolics, and residual sugars there still remains the 

opportunity for coloration of the generated polymer either through phenolic coloration, sugar 

caramelization, or phenolic restructuring due to temperature. 

 

Figure 7.  Minimum inhibitory concentration (MIC) determined as a percent solution of extract.  

The MIC of 0.125% extract, showing no S. aureus growth, is highlighted in red. 
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Figure 8.  The minimum inhibitory concentration (MIC) determined by percent solutions of 
extract.  The MIC of 2.0% extract against E. coli is highlighted in red.  Spot plating shows no 
growth, however the extract solution does stain the agar. 
 

 

 

Conclusion 

This study shows the effectiveness of a water based extraction method for obtaining a viable 

polyphenol extract.  Purification of the extract minimizes contaminants such as residual sugar, 

thereby allowing for increased applications, which utilize temperatures that would normally 

caramelize the saccharides. Characterization of the obtained extract shows the proposed aqueous 

process has a blend of monomers, dimers, and polymers of phenolic compounds.  This blend is 

ideal for active packaging applications where immediate and sustained bioactivity is required.  
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Additionally, when a known end application of the extract where food and drugs are not 

involved, the process can be tailored to maximize the antioxidant/antimicrobial compound yield, 

by employing organic solvents for extraction, if appropriate.  However, the current study has 

demonstrated that a useful crude extract can be obtained, which needs no constituent isolation 

to be effective, thereby minimizing costs of its isolation.  This methodology valorizes the waste 

stream by producing a cost effective method of obtaining a valuable extract.   
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5.6. Cel lu lose  (Olejar et al. 2014) 
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Abstract: Functionally active polymers were created through the incorporation of an 
extract from an agro-waste stream from the wine industry.  Incorporation of this extract 
into three thermoplastics shows its potential to increase antioxidant activity, with 
minimal to no impact on the mechanical attributes of the polymers.  Antioxidant activity 
was shown to be effective at a concentration of 1%(w/w) grape tannin in polypropylene 
and linear low-density polyethylene.  The ability to obtain antioxidant activity at low 
concentrations helps minimize costs and maintain polymer physical properties.  The 
binding of the phenolic compounds results in low leachability, thereby ensuring that the 
active compounds remain in the polymer for greater long-term effectiveness. 
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with the local wine industry.  Conducting polymers and natural tannin extracts are also 
being developed as solid antioxidant and antimicrobial materials, including blends with 
conventional plastics.  Research projects within Paul Kilmartin’s group have engaged 
over 60 postgraduate students and have been reported in more than 150 refereed 
publications. 

1 Introduction 

Polymers are moving beyond the role of merely acting as a packaging material, and in doing so 
new properties are required of them.  As a consequence, active polymers are becoming more 
prevalent with the inclusion of antioxidant and antimicrobial activity.  There has also been focus 
placed on switching from synthetic additives to natural ones to provide the desired activity [1,2]. 

Winery wastes are rich in antioxidant compounds, which also possess antimicrobial activities.  
The compounds present in grape marc, an under-utilized agro-waste, have already been extracted 
for use in nutraceuticals, food stuffs, as well as other products such as creams and lotions [3].  
The abundant nature of the waste, and the relative ease in which extraction can occur, makes this 
an ideal product for incorporation into polymers. 

Previous works have investigated the use of individual compounds or combinations in 
polymers, made by solution pouring and melt blending.  These studies have produced films with 
antioxidant and antimicrobial activity [4-6].  Since isolation of individual products is time 
consuming and costly, the application of grape tannin (GT), which incorporates multiple 
compounds as monomers, dimers, oligomers and polymers, provides the opportunity to lessen 
both factors while reaping the benefits of multiple compounds. 

Antioxidant efficacy for grape tannin incorporation into polymers by solvent casting method 
was shown previously by Olejar et al. [7] using ethyl cellulose films.  However the plastics 
industry prefers thermal processing to avoid the environmental issues related to solvent handing.  
Hence, the current experiments investigate the addition of GT into three thermoplastics 
commonly used in the plastics industry: linear low-density polyethylene (LLDPE), polyethylene 
terephthalate (PET), and polypropylene (PP) following melt blending technique. Antioxidant 
activity, mechanical properties and leachability studies were performed to evaluate the utility of 
GT in these thermoplastics.  

 

2. Materials and Methods 

2.1 Materials 

2,2´–diphenyl-1–picryhydrazyl (DPPH) and methanol were purchased from Sigma-Aldrich (St. 
Louis, MO, USA).  Ultra-pure water was obtained from a Barnsted Nanopure water system 
(Thermo Scientific, Waltham, MA, USA).  Grape tannin extract was purchased from Tarac 
Technologies (Nuriootpa, Australia).  The LLDPE, PET and PP were obtained from VIP 
Packaging (Auckland, New Zealand). 

2.2 Polymer blending 

The polymers were blended as indicated below.  Torque curves and temperature curves were 
monitored during the blending process to evaluate changes to the polymer matrix prior to and 
following addition of the GT.  Following thin film production, films were stored in a desiccator 
at room temperature, shielded from the light. 
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2.3 LLDPE polymers processing conditions 

Linear low-density polyethylene was processed using a Brabender DSE25 twin-screw extruder.  
Processing conditions were a mixing time of 3 minutes at a temperature of 150 °C.  The LLDPE 
pellets were melted for 1 to 1.5 minutes, after which either 0 or 1%(w/w) GT was added and 
blended for 1.5 to 2 minutes.  The polymer films were prepared by using a 10-tonne heated 
hydraulic press (Carver, Wabash, IN, USA).  Blended polymer pellets were placed between 
Teflon® (Dupont, Wilmington, DE, USA) sheeting in a press set to maintain a constant 
temperature of 180 °C.  Pressure was gradually added with a maximum pressure of 3.5 to 4 tons 
being maintained for 1 minute. 

2.4 Polyethylene terephthalate processing conditions 

PET was dried in an oven at 100°C for 3 hours to remove any absorbed moisture.  The 
processing of PET in the Brabender required a temperature of 250°C and a total run time of 7 
min.  PET was mix melted for 3 to 3.5 minutes prior to the addition of 0 or 1%(w/w) GT, which 
was blended for 3.5 to 4 min.  Thin films were then produced using a press set to 250°C with a 
maximum pressure of 3.5 to 4 tons for 1 minute. 

2.5 Polypropylene processing conditions 

Synthesis of PP polymers required a modification of the Brabender processing conditions.  The 
mixing time was set to 5 min with the temperature set to 180 °C.  The polyolefin pellets were 
initially melted for 2 to 2.5 minutes prior to the addition of GT at the concentrations of 0 and 
1%(w/w), which was then allowed to blend for 2.5 to 3 minutes.  The production of the polymer 
films followed those outlined in the LLDPE thin film production. 

2.6 Leachable solids 

Leachable solids were tested following the protocol outlined in The United States pharmacopeia, 
monograph 661[8].  Briefly 120 cm2 surface area of polymer film sample was placed into 20 mL 
of deionized water following two rinses with deionized water to remove any dust from the films 
and flasks.  The flasks were placed in a 70°C oven for 24 hours.  Each flask was swirled and 20 
mL of liquid was extracted and placed into a clean, dry and weighed petri dish.  The petri dishes 
were then placed in a 100°C oven to evaporate the liquid extract and allowed to cool before 
reweighing.  Analyses were performed in triplicate. 

2.7 Mechanical properties 

Mechanical properties of five polymer strips each were tested according to ASTM D882[9] 
utilizing an Instron 5567 tension tester (Norwood, MA).  Polymer films were cut utilizing a sharp 
blade into 3 mm by 70 mm strips and tested utilizing the appropriate load cell; PET, 200 N; 
LLDPE, 200 N; PP, 1000 N.  The gauge length was set to 25.0 mm with a crosshead speed of 
5.00 mm min-1.  The thickness of the polymer films was measured utilizing a micrometer at three 
locations along the strip and the average thickness utilized for all calculations.  A total of 5 
polymer strips per sample group were tested. 

2.8 Antioxidant activity 

Antioxidant activity was measured using a modified procedure to the one described in Villano et 
al. [10] and Hsu et al. [11].  DPPH radical solution was made in 80 % methanol for a final DPPH 
concentration of 63.4 µM solution.  Triplicate polymer sections of 20 cm2 total surface area were 
rinsed with ultra-pure water prior to being placed into 20 mL of DPPH radical solution.  
Samples were then shielded from light and allowed to sit for 24 hours at room temperature.  
Standard DPPH solutions were made at concentrations of 63.4, 31.7, 15.9, and 7.9 µM.  The 
absorbance of the solutions was read at 515 nm using an 80 % methanol solution with 
subsequent calculation of the DPPH radicals scavenged. 
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2.9 Statistical analysis 

Basic analysis was performed with Excel 2010 for Mac (version 14.4.7, Microsoft Corporation, 
Redmond, WA, USA).  Further statistical analysis was performed with JMP for Mac (version, 
11.2.1, SAS Institute, Cary, NC, USA).  Matched pairs t-tests were performed to assess the 
statistical significance between 1% GT polymer blends and the matching control polymers. 

 

3. Results and Discussion 

This work aimed to assess the effectiveness of an agro-waste product from wineries to work as 
an antioxidant in LLDPE, PET and PP.  DPPH radical scavenging was used to assess the 
antioxidant system.  Physical attributes were measured to determine any negative or positive 
impacts from addition of GT. 

3.1 Leachable solids 

The leachable solids extracted from the polymeric compounds were below the permissible limits 
of 10 mg for all formulations (Figure 1).  However, PET and PP with added grape tannin did 
have significantly increased levels of solids extracted, P<0.01 and P<0.05 respectively, over the 
appropriate control.   

Solids leached from the blended polymers are indicative of GT being leached.  Although 
there were solids leached, the values remained low.  This indicates that GT is bound to the 
polymer, possibly through incorporation into a crystalline matrix, encapsulation would bind the 
GT to the polymer preventing it from leaching.  The 3 selected polymers have the ability to form 
crystalline matrices, which can utilize GT as a nucleation site. 

 
Figure 1        Leachable solids obtained from 120 cm2 of polymer film.  Significant 
differences determined by Student’s t-test: * P<0.01, and ** P<0.05.  n LLDPE, ☐ PET, n PP. 

 
 

3.2 Mechanical properties 

The mechanical properties of polymers and their GT blends are shown in Table 1. PP showed 
no observable change in mechanical properties after incorporation of GT.  PP with grape 
pomace extract at 1%(w/w) was studied by Ambrogi et al. [12] for its effects as a stabilizer within 
the polymer.  In that study, it was shown that the mechanical properties of the polymer blend 
were not decreased when compared to control.  While in the current study, mechanical 
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properties of the PP blends were within the standard deviation of the results obtained for the 
polymer on its own, the blended polymer had larger mean values for most attributes tested, 
suggesting the possibility that GT addition has a polymer stabilizing affect.  Increased stability of 
the polymer can be attributed to increased crystallinity, as observed by Nielsen [13] in 
polyethylenes with various side chain branching amounts resulting in differing amounts of 
crystallinity.   

PET remained relatively unchanged with only the maximum load being increased (P<0.05).  
The maximum load increase in PET may be attributed to the formation of crystalline complexes 
in the polymer.  The formation of crystallinity would increase the rigidity of the polymer and 
permit a greater load to be exerted before failure.  Indeed PET is readily crystalized and the 
processing conditions play an important role in helping to either limit or enhance crystallization 
[14].  The phthalate group plays an important role in the crystallization as the six membered ring 
provides rigidity to the polymeric chain. The increased load may be linked to GT acting as a 
nucleating site for crystallization. 

Table 1. Mechanical properties of thermoplastics with and without 1.0% GT addition. 

Treatment Modulus, 
segment 
0.05% - 

0.25% (Gpa) 

Tensile 
stress at 

yield (Mpa) 

Maximum 
tensile 
stress  
(Mpa) 

Maximum 
load (N) 

Tensile strain at 
break (%) 

LLDPE 0.7 ± 0.1 10.4 ± 0.1 29.0 ± 1.1 31.4 ± 8.3 796.3 ± 2.7 

LLDPE + GT 0.4 ± 0.1* 10.3 ± 0.2 26.6 ± 0.9 29.2 ± 2.3♯ 752.5 ± 23.3♯ 

PET 2.4 ± 0.0 45.1 ± 3.1 45.1 ± 3.1 10.7 ± 0.9 Not Available 

PET + GT 2.3 ± 0.1 48.9 ± 1.3 48.9 ± 1.3 15.2 ± 2.0♯ 48.4 ± 0.0 

PP 1.0 ± 0.2 23.1 ± 1.3 25.4 ± 4.8 17.7 ± 3.4 691.7 ± 56.4 

PP + GT 1.1 ± 0.0 23.0 ± 0.4 27.3 ± 4.7 18.1 ± 7.6 640.3 ± 69.0 

Student’s t-test: ♯ P < 0.05, * P < 0.01, n = 5. 

 

LLDPE had lower values for maximum load, modulus segment, and tensile strain at break 
with added GT.  The branched chains provide ample sites for hydrogen bonding to occur, and 
strong hydrogen bonding which would securely bind the GT permitting minimal leaching but 
also lowering the mechanical properties.  Hydrogen bonding of GT would limit binding between 
polymer strands and allow for slippage between the strands.  LLDPE has the ability to crystalize 
when there are a low number of side chains and they are random [15].  The addition of GT to 
the polymer can result in a decrease in binding between the polymer strands and a subsequent 
reduction in polymer strength as the size of the GT molecules can inhibit the ability of the 
polymer strands to fold upon themselves in order to form a crystalline structure.  The work of 
Nielsen [13] supports the current findings and the hypothesis that GT decreases the ability of 
LLDPE to form crystalline structures. 

3.3 Antioxidant activity 

Antioxidant activity was measured using the DPPH radical scavenging assay (Figure 2).  
Examination of the radical scavenging data by applying Student’s t-test, PP had a significantly 
increased (P<0.01) antioxidant activity.  LLDPE and PET both displayed a two-fold increase, 
but the inter-sample variability in LLDPE does not allow for significance to be established.  
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Large inter-sample variability can be attributed to the amounts of GT present at the surface of 
individual films for antiradical scavenging.  Furthermore, initial antioxidant activity seen in the 
LLDPE films can be attributed to the addition of antioxidants to the polymer during 
manufacturing.  This was also observed by Nand et al. [16] in pristine LLDPE. 

The low activity in the PET samples is a result of the thermal degradation of the phenolic 
compounds during its processing.  GT incorporated PET values were ten-fold lower than those 
of PP and twenty-fold lower than LLDPE.  GT was found to have decreased activity at 200°C 
following a 120 min exposure [17], however the current processing times do not come close to 
this time.  The processing temperature of PET is 250°C thereby providing temperatures where 
GT degrades markedly as Sólyom et al. [17] saw increases in degradation as temperatures 
increased as exposure times decreased. 

Figure 2  Average antioxidant activity of thermoplastics with and without 1%(w/w) 
grape tannin (GT) incorporation measured by DPPH radical scavenging assay. Significant 
differences determined by Student’s t-test: * P<0.01.  n	 LLDPE, ☐ PET, n PP. 

 
 

The increased activity of GT in PP can be attributed to the methods by which GT is 
incorporated. PP with alkyl side chains does not have the binding sites for strong hydrogen 
bonding; therefore compounds can be bound through encapsulation. Encapsulation allows for 
all active sites of the phenolic to remain available for scavenging.   When PP crystalizes, it folds 
upon itself presenting areas where encapsulated GT can be exposed on the surface. The folding 
of PP during crystallization is important for making these sites available.  While encapsulated in 
the crystalline structure the GT would not be readily leached and would provide active sites for 
radical scavenging.  Inter-strand binding would also add to the ability of crystallinity to form, 
which would help maintain PP strength in view of GT observed plasticization affects. 

LLDPE provides a matrix where encapsulation can occur.  The branched chains provide 
ample sites for this to occur.  The regular ordered structural nature of LLDPE helps make 
crystallinity possible as the chains can stack easily to form the crystalline structure [18].  The 
antioxidant activity remains high in these samples, as the GT appears to be encapsulated to 
single strands of polymer, evidenced by the decrease in tensile properties, most likely a result of 
decreased crystallinity.   
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4. Conclusion 

Antioxidant activity was enhanced in both LLDPE and PP.  Both PP and LDPE GT blends 
meet leachable solids testing, but only PP showed no observable changes in physical properties.  
In the current study, PP is an excellent choice for further investigation as an active polymer.  
LLDPE also requires further investigation to establish the significance of the antioxidant activity 
increase as well as the impact and mechanism of the observed physical properties decrease.  
However, due to the high temperatures associated with the processing of PET, GT 
incorporation is not a viable option for PET based active polymers. 
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CHAPTER 6.  CONCLUSIONS 

 

The research project developed into three separate components; antioxidants in wine, 

phenolic and tannin extraction from winery waste, and grape extracts incorporation into 

polymers for active packaging.  The common element to the project aspects is the 

antioxidant phenolic compounds found in white grape varieties, ranging from monomers 

to polymeric tannins. 

 

It was demonstrated in white wine that it is possible to increase the phenolic content and 

subsequent antioxidant activity, while maintaining the desirable sensory characteristics of 

the wines.  Significant increases in antioxidant activity were found in four maceration 

techniques: cryogenic, cryogenic followed by carbonic, semi-carbonic maceration, and 

on-skin fermentation, all applied to hand-picked grapes.  Furthermore, the increase was 

seen in cryogenically macerated machine harvested grapes.  Although many methods 

produced the desired result of increased antioxidant activity, only cryogenic maceration 

was able to maintain the sensory attributes expected with each wine.   

 

Further analysis of the aroma compounds present in the cryogenic and control 

Sauvignon blanc wines from the hand-picked and machine harvested trial revealed that 

the varietal thiols were increased as a result of the cryogenic treatment.  Within the 

handpicked grapes, there was an increase in the levels to those normally experienced in 

the machine harvested wines.  Cryogenically treating the Sauvignon blanc wines not only 

provided the phenolic compound increase desired for increased antioxidant activity, but 

increased the varietal thiols.  This provides an interesting option for winemakers looking 

to increase the levels of these thiol compounds.  Additionally, the winemaker can benefit 
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from the increased phenolics, as not only will there be better reactive oxidant scavenging, 

but an improved stability within the wines allowing for longer term storage. 

 

The waste product resulting from the wine making process, marc, contains high levels of 

phenolic compounds.  In order to maximize the usage of the grape, and to valorize the 

waste product, an extraction method with water followed by purification of the extract 

was designed.  Extracts obtained from grape marc are generally regarded as safe for use 

with foodstuffs; however, there are limits as to the chemical solvent that can be 

employed.  In designing the extraction method, water was utilized as it not only added no 

organic solvents to the extract, but also provided an extract that was compatible with the 

Amberlite purification step for isolation of the phenolic compounds.  The purification, 

requiring only ethanol as a solvent, made the precipitation and drying of extract powder 

easily to complete using mild heat and vacuum.  Characterization of the obtained extract 

showed greater than 90% tannin in the extract and less than 7% sugar contamination.  

Spectroscopic techniques verified the presence of condensed tannins and hydrolysable 

tannins in the extract.  Further to the antioxidant activity, the extract was found to be 

effective against gram-positive bacteria, S. aureus, at 0.125% and gram-negative bacteria, 

E. coli, at 2%.  When compared to a commercially obtained extract the experimental 

extract out performed it against E. coli and had a three-fold reduction in sugar.  

Antioxidant activity and effectiveness against gram-positive bacteria were equal.  This 

provided an extract that was naturally derived from an agricultural waste that not only 

provided antioxidant activity, but also was shown to be effective against two different 

microbacteria.  Additionally, the low sugar content, some of which was linked to the 

hydrolysable tannins, made the extract ideal for applications requiring low coloration.  

Furthermore, preliminary testing suggests the depleted marc can be used immediately as 

a horticulture medium (data not presented). 
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Because of the observed qualities of the extract, it was incorporated into polymers for 

the generation of antioxidant packaging.  The first trials with ethyl cellulose 

demonstrated that antioxidant activity could be maintained and the extract could be 

confined to the polymer.  The low leachable solids detected and high antioxidant activity 

demonstrated that the extract was an excellent choice for the generation of antioxidant 

packaging.  However, the plastics packaging industry is centered around melt blending 

and polyolefins for packaging.  

 

The high temperatures associated with polyolefin production only impacted the extract 

with PET processing.  The degradation of the extract was noted in its low antioxidant 

activity and the polymers deep purple coloring.  The other polyolefins tested, HDPE, 

LLDPE and PP, all produced films with significantly increased antioxidant activity at 1% 

extract incorporation.  Additionally, there were only minimal changes in the tensile 

properties at the highest concentrations of extract 3%.  This established the potential of 

utilizing grape extract as an antioxidant agent in the tested polymers to not only protect 

the packaged contents, but also to protect the polymer packaging itself.  Furthermore, 

the observed antimicrobial activity of the extract falls within the highest concentrations 

tested and the greatest observed antioxidant activity of the polymer blends.  This work 

demonstrated the potential for applying grape extract not only as an antioxidant in 

packaging, but also as an antimicrobial, and establishes a solid platform to pursue the 

investigation of the antimicrobial activity of the polymer films in polyolefins and other 

plastics requiring low temperature (below 200 °C) processing conditions.   

 

The research presented in this thesis demonstrates possible techniques to improve the 

quality and possible health benefits of white wines.  It further valorizes a winery waste 
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stream, optimizing the full utilization of the grapes.  The extraction process 

demonstrated a technique to produce a quality extract, high in antioxidant and 

antimicrobial activity with minimal contaminants, making it ideal for polymer melt 

blending.  Blending with ethyl cellulose and polyolefins produced antioxidant active 

polymers with minimal extract addition, thereby keep the cost of production low and 

minimizing synthetic compounds going into the packaging and environment. 

 

The research presented establishes a solid foundation for future directions.  With 

agricultural waste streams becoming a larger concern, valorization through the extraction 

of bioactive and other compounds becomes increasingly important.  Research into the 

functionality of these compounds is also an avenue, which must be assessed so that 

proper application-based research can be performed. 

 

Application based research directions for bioactive compounds are further incorporation 

into a variety of films.  There continues to exist a need for reducing food spoilage from 

oxidation and bacterium.  To this decree, bioactive films based on polyvinyl chloride 

(PVC), a component of cling wrap, will help preserve foods prepared by the consumer.  

Additionally, the activation of water soluble and edible films for applications to fresh 

fruits and vegetables provides further opportunities to reduce food waste. 

 

Health benefits associated with the phenolic compounds found in wine continue to be 

debated.  One item that has become clear from this is to establish the role of the 

intestinal microbiota in the metabolism of these compounds for absorption by the body 

and the metabolites bioactivity.  Opportunities within this area of research remain as 

microbiota populations vary from person to person.  Understanding the role of these 

populations can lead to the customization of wine processes to extract compounds that 
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will provide the greatest benefits.  This technology can be extended into other beverage 

markets, such as juices.    
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