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grape growing
Viticulture Trial

 Impact of Freeze-killed Leaf Material in 
Cabernet Sauvignon

An industry and university joint eªort to profile the sensory and chemical impacts of freeze- killed grape 
leaves in Cabernet Sauvignon from Washington state.

Bryan Avila is a formally trained enologist, seasoned commercial winemaker, ACUE-Credentialed Educator and co-founder of the Vintners Institute. 
�e Vintners Institute is a grassroots, next-gen e�ort to bring wine industry producers and allies together, online and in-person, to innovate with na-
ture, educate the workforce and inspire good leaders. A freelance writer for ���’s Winemaker Trials, Bryan would love to hear what you are doing 
in your vineyard and winery to overcome challenges, grow better grapes and make better wine. Contact: ��������������������������
.

Trial Lead: Jim Harbertson, Ph.D., corresponding author and associate 
professor of enology at Washington State University, Prosser Washington

Dr. Harbertson’s research interests are based in wine chemistry focused on the phenolic compounds found in grapes 
and wine and their biochemical and chemical changes during grape ripening, winemaking and aging. Example projects 
include understanding the variability of tannin found in red wine cultivars and the ultimate relationship between tannin, 

polymeric pigments and astringency. Harbertson works with wineries to solve simple and diªicult problems. Jim’s forte is 
wine chemistry and production, with special emphasis on phenolic compounds found in grapes and wine. In addition to 

teaching, Jim spends most of his time between research and extension.

Research Program Director: Melissa Hansen, Washington State Wine Commission
Melissa Hansen is the Washington wine industry’s point person on grape and wine research. She leads the industry’s own 
research grant program, as well as the statewide research program at Washington State University, ensuring they are indus-
try-driven and -guided, with results accessible to all Washington grape growers and wineries. Before serving the Washing-
ton wine industry, she wrote grape and tree fruit articles for the Yakima, Wash.-based Good Fruit Grower magazine for 20 
years and spent 15 years involved in California’s table grape and tree fruit industries as research director for the California 
Table Grape Commission and government aªairs for what is now the California Fresh Fruit Association. 
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Trial Objective
According to the Journal’s abstract, “Washington state Cabernet Sauvignon wines 
made from fruit harvested a�er an autumn freeze have been shown to present 
potpourri, �oral, and rose-like aromas. �ese aromas are described as atypical 
by Washington state winemakers, and the a�ected wines are termed to be ‘rose 
tainted’ or ‘frost tainted.’ Anecdotal evidence suggests that the inclusion of freeze 
killed leaf material (FKLM) into the fermentation is the source of the taint.”

F I G U R E  1 : Cabernet Sauvignon clusters and leaves harvested from the 
same vineyard pre- (A) and post-frost (B), showing healthy and freeze-killed 

leaves.

Bryan Avila
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�is trial set out to determine how much freeze-killed leaf material was 
required before a sensory panel noticed a di�erence in the aroma pro�le versus 
a control. �e research also sought to characterize the types of aromas that were 
imparted by freeze-killed leaves in wine through sensory and chemical analyses.

Trial Description
�is trial was carried out at the Ste. Michelle Wine Estates’ Washington State 
University Wine Science Center. Freeze-killed Cabernet Sauvignon leaves were 
gathered from vines in the Horse Heaven Hills on October 21, 2019. Seven days 
later, Cabernet Sauvignon grapes, which had never been frozen, were harvested 
to kick o� the experiment.

�is experiment included controls that did not receive any leaf additions versus 
three levels of freeze- killed leaf material additions at low, medium and high add 
rates, each rate increased by four-fold. �is experimental design spanned a range 
that would yield insights into thresholds of detection at the lower levels and 
clear sensory impacts at the higher levels. Each of these temperature-controlled, 
140-liter ferments was triplicated for a total of 12 ferments, and 
freeze-killed leaf add rates were measured in grams of leaves per 
kilogram of must.

TREATMENTS:

CONTROL: 0 g/kg
LOW: 0.5 g/kg
MEDIUM: 2.0 g/kg
HIGH: 8.0 g/kg
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F I G U R E  2 : Basic wine chemistry measures for Cabernet Sauvignon wines made with 
diªerent dosages of freez- killed leaf material (g/kg of must).
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F I G U R E  3 : Average intensity for each sensory attribute, showing an eªect of freeze-killed leaf 
material dosage (0, 0.5, 2.0, 8.0 g/kg must) on Cabernet Sauvignon wines. Each is grouped with a 

letter that shows similar traits between the fermentation groups.

F I G U R E  4 : Mean concentration of four phenolic measures of Cabernet Sauvignon wines 
made with four diªerent dosages of freeze-killed leaf material (0, 0.5, 2.0, 8.0 g/kg must). 

Each is grouped with a letter that shows the similar traits between the fermentation groups.
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F I G U R E  5 : Canonical variate analysis of Cabernet Sauvignon wines made from four diª erent dosages of 
freeze-killed leaf material (0, 0.5, 2.0, 8.0 g/kg must) show the relationship between freeze-killed leaves and 

their corresponding resulting flavor profile.
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Post-Mort Q&A
Why are you studying the impact of 
freeze-killed leaf material on wine 
quality?
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Freeze-killed Leaf Material (FKLM) is sometimes referred to 
as Freeze Taint or Rosey Taint. Why is this an inaccurate 
description?
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What variety/varieties are you working with for this experiment? 
Why?
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How did you design your trial to prove the impact of frozen leaves 
on wine quality? How did you decide the range of how much 
leaves to add to the ferments?
������
���������������������	��
�	������­����	�����	�������������������	���
��
�	���������	����������������
������	�����	�����
��������������
���������	��������	�
���������������	�������	�����������	�������	���������������	���������	�����
������������������	������	������		��������
��­���������������
�����������������
����������­����	������������������­�����	�����	���������������������������������
��
����	�������������	���������������������������­���������	���	������������
����	��� ���­��
������������ �������� �		�� ���
����������� ��	�� ��	� �����
����
�	�����������­�����	����­���������������	�����������
�����	����­�����������������
�	�����������	���������������
��������������������
����������°�����	����������
����	����	�
	�����������������������
��­������	�������������	������������������
»��­	����������������������������


 Impact of Freeze-killed Leaf Material in Cabernet Sauvignon

https://www.spectrellising.com/


104 | February 2023 WBM

Did you encounter any complications or diffi  culties?
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Who else worked with you on this trial?
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Did you or your colleagues have any predictions about the 
conclusions?
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What are the conclusions for this trial that a grower or winemaker 
can use?
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• They change wine aromas into herbal tea-like characters      
 by adding fl oral/herbaceous aroma to red wines.
• They reduce phenolic content, including color and                 
 astringency.
• Markers for high quality fruit aromas, such as dark fruits,    
 are masked, cheapening the percep� on of the wine.
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Are there any process technologies that remove these freeze-killed 
leaves from grape clusters or berries?
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+1 833 AGRI PWR WWW.MONARCHTRACTOR.COM

  18k$ USD IN ANNUAL COST 
SAVINGS PER TRACTOR 14 PASSENGER VEHICLES CO2e 

REMOVED EVERY YEAR*

100% ELECTRIC  |  DRIVER OPTIONAL  |  DATA-DRIVEN

*1 diesel compact tractor emits the equivalent emissions to ~14 on-road vehicles

INTERESTED IN SEEING US IN PERSON? COME 
MEET US AT WORLD AG EXPO IN FEBRUARY OR 
CONTACT US FOR OUR FULL EVENT SCHEDULE.

*estimated savings based on average annual usage
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The Best, Field-proven Powdery Mildew Spore Traps

The only Spore Trap Network™ is on the CVC Ag app

View daily updates on County-wide network maps

• Not just data, interpretation
by experienced certi� ed
Ag professionals

• Timely results alert you to
pathogen presence

• Optimize fungicide timing
and chemistries

• Direct and prioritize
vineyard operations

• Test for
Fungicide
Resistance
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CVC Reduce Powdery Mildew Spray Costs

The Best, Field-proven Powdery Mildew Spore Traps

The only Spore Trap Networkonly Spore Trap Networkonly ™ is on the CVC Ag app

View daily updates on County-wide network maps

• Not just data, interpretation
by experienced certi� ed
Ag professionals

• Timely results alert you to
pathogen presence

• Optimize fungicide timing
and chemistries

• Direct and prioritize
vineyard operations

• Test for
Fungicide
Resistance
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https://coastalvit.com/
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Do you think that this knowledge will lead to advancements 
in process technologies, such as RO or nanofi ltration and 
downstream permeate treatment? Will Washington State 
University lead any of these trials?
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Will you continue to study the impact of freeze-killed leaf material 
on wine quality? What would you do diff erently?
������
������������� ���� ������������� ��
���������� ������ �	� �	­��� ���� ����
�����
������­�������������������������������	����������	�������������������­���
������­�����������		����������
�������������	�����
�������������������������
����������������	�����
��������������	���	����������	�����������
�������

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

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

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

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

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

QUALITY, EFFICIENCY, SAFETY

"The Freilauber Pre-Pruner drastically cuts down our follow up pruning
time, saving us money and man hours. The cuttings are also removed
from the wire helping to reduce worker fatigue."
   -Will George, George II Farms

905.563.8261  |  1.800.263.1287  |  info@provideag.ca  |  www.provideag.ca
Beamsville, ON, Canada

In addition to the current vineyard 
operations, Santa Barbara County has 
approved a ��,�����- s� � full scale 

winery facility, including a 3-story wine 
production facility, lab and more.

Offered at $9,900,000

P R E  A P P R O V E D  &  P E N D I N G
W I N E RY D E V E L O PM E N T P L A N S

98± ACRES OF RICH SOIL

JOE RAMOS
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L O S  O L I V O S ,  C A
1 ZACA STATION ROAD

T H E  G A T E W A Y  T O
L O S  O L I V O S  A N D  F OX E N  C A N YO N

WI N E  T R A I L S

https://b2b.zenportindustries.com/
https://www.coastalranch.com/
https://provideag.ca/
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