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Abstract

E&J Gallo (Gallo) currently has a large waste stream that is a by-product of their oak
toasting process in Livingston, CA that is used for flavor production. These materials are currently
being stored and contain components that are of interest to the company. Because the process
comes from oak, Gallo would like to use this existing waste stream to deliver a new tannin product
differentiation tool. The goal of this project was to develop various isolation and extraction
processes to separate the smoky flavors in the waste stream. In order to do this, the concentrations
were first increased through pressure cooking and then exposed to five different
separation/extraction processes: liquid-liquid extraction, column chromatography, batch
distillation, steam stripping, and evaporation. Once the ideal tannins were extracted, the final step
was to dose and spike wines to come up with the right flavor profile. While there were some results
that were not conclusive, there was a positive outcome from other trials that will allow the
company to create new aroma notes that may increase commercial sales and save the company

money by removing the need to process the waste stream.
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Executive Summary

This report was a cumulative effort between Worcester Polytechnic Institute and E&J Gallo
Wineries. This project examined the analysis of smoky oak tannins (“Smoak™) in a large waste
stream. The purpose of this project was to use this waste stream to deliver a new smoke tannin
product differentiation tool for the company. Analysis of different compounds of interest in each
solution was conducted primarily through three processes: increasing the production of
methoxyphenols through cooking, various extraction/separations techniques, and dosing the
extracted tannins in wine to create new aroma notes. The extraction/separation techniques used in
this project were liquid-liquid extraction (LLE), batch distillation, steam stripping, and column
chromatography. The compounds of focus were guaiacol and syringol. Guaiaicol is known for its
smoky aroma whereas syringol is known for its mouth-feel and taste. Vanillin and other tannins
are also included in the data for Gallo’s future interest. Unfortunately, Gallo was unable to obtain
the waste stream of interest for this project, the Extracted Livingston Tannin (ELT-03) stream and
so commercial tannins were used instead.

The major focus of this project involved the analysis of methoxyphenol production through
cooking. Two different types of trials were conducted: one where total suspended solids (TSS)
were varied and one where potassium carbonate was used to adjust the pre-cook pH. In total,
thirteen trials were conducted. The results with varying TSS show that the post-cook pH decreased
more with increasing oak chips (the solids), however this trend was not necessarily true for syringol
and guaiacol production. The ideal TSS was found to be five grams of oak. With the use of
potassium carbonate as the alkaline base, the results showed that the methoxyphenol
concentrations increased 3-fold, giving promising results for separation.

Another focus involved the separation and extraction of guaiacol and syringol. The

CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017

LIMITED ACCESS AND DISTRIBUTION
9 of 189



ENTIAL TRADE SECRET MATERIAL
D) ACCESS AND DISTRIBUTION

E. & . Gallo Winery
methods used—Dbatch distillation, steam stripping, and LLE—yielded mediocre separation results.
An attempt was made to simulate the distillation and extraction by using AspenPlus, a simulation
software, but due to the non-ideal nature of the solution, the system was not obtaining real world
results. For batch distillation and steam stripping, the separation was as expected with guaiacol
coming off the condensate, and syringol concentrating in the residual/bottoms. In order to improve
separation, Gallo should look into a sequential distillation process that first utilizes steam stripping
and then batch distillation. Because there was more guaiacol in the bottom during steam stripping,
Gallo should attempt sequential distillation to see the separation potential. LLE results essentially
showed the entire feed matrix coming out with the solvent stream, indicating that a five stage
extraction may be too high. It would be interesting for Gallo to do a simple one stage extraction to
get a better idea of the separation in the raffinate and extract streams.

Overall, the best results came from column chromatography elutions. With column
chromatography, the second pass elution showed promising results, both aromatically and
analytically. There reached a point where the aroma was predominately smoky and smelled like
pure guaiacol, of which analytical results showed high concentrations. The highest concentration
of guaiacol and syringol in both elutions occurred around 40-60% elution, which is an economic
advantage for Gallo. This is because high proof ethanol is costly, so with the knowledge that
elution results are optimal at 40-60%, higher concentrations of ethanol do not need to be used for
elution — thus saving the company money. Though the elution results were positive, the column
adsorption results were poor, but this may be due to the increased number of tannins present in the
feed, thus leaving less room for the guaiacol and syringol to adsorb onto the FPX-66 resin.

The final component of this project examined spiking wine with the eluted samples from

column chromatography. With wine dosing, the best aroma/flavor was achieved at approximately
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43 ppb of guaiacol, which allows the company to dial back on their 75 ppb guaiacol goal in each
sample. This is a promising result that can be further expanded through more taste and aroma trials

that will allow Gallo to come up with new aroma notes.

Disclaimer: Due to the similarities with the parallel 2017 Gallo MQP, there are components of
this report that are shared in both papers, predominantly in the sections regarding background
and steam stripping/distillation. There are also similarities to the 2014 Gallo MQP in terms of

background information for Gallo-specific processes.
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Background

History of Winemaking

Wine has been a part of human history since before civilization. According to
paleontologists, some form of wine has been around for more than 100,000 years. From Arabs in
carly Mesopotamia, Egyptian pharaohs, and the ancients Greeks, all the way to today’s society,
humans throughout history have been consuming wine (Vine et al., 2002). Despite its long history,
Christianity is considered by some as the reason that wine has become the developed industry it is
today. Christ offering his cup at the Last Supper motivated monks to plant vineyards wherever
they settled during the Middle Ages and the Renaissance, and this movement lasted into the New
World, with the development of wines in both New York and California, but it wasn’t until 1860
with Pasteur's discoveries that people understood the process behind fermentation (Vine et al.,
2002). However, the mid 1800s saw an infestation of Black Rot fungus, which caused a lot of
discouragement to winemakers. To battle the fungus, a disease-resistant vine was produced in
1854, after 7 years of testing. The cost was $5 per vine, which was an incredibly high price at the
time, but the disease-resistant vines brought back the enthusiasm of the winemakers after the
fungus epidemic. At the same time, vines from American vineyards were taken to Europe to help
combat the Phylloxera root louse that was destroying European grapevines. As a result, there are
still classic vines in European countries, such as France, that are still grafted on the American roots
(Vine et al., 2002).

In addition to the problems caused by rot and fungus, the prohibition movement, started in
1846 in Maine, caused significant damage to the wine industry, and resulted in the burning of

much of the recorded history of American wine. The prohibitionists worked to strike the word

CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
LIMITED ACCESS AND DISTRIBUTION
12 of 189



ENTIAL TRADE SECRET MATERIAL
D) ACCESS AND DISTRIBUTION

E. & . Gallo Winery
wine from the Bible, claiming it was actually “grape juice,” and tried to ban Greek and Roman
classic literature that mentioned wine. While some winemakers got around the Volstead Act, which
approved prohibition across America, by marketing their wine as medicinal, sacramental, or as
cooking wines, many others were forced to shut down their businesses (Vine et al., 2002). Despite
prohibition, home winemaking became legal, and allowed each household to produce up to 200
gallons of wine per year for household consumption. Regardless, some winemakers chose to
continue production illegally, and became bootleggers, which then became a huge industry for
gangster networks, who could get around law enforcement. Finally, in December of 1933, the
Repeal came into effect, and ended the continued destruction to the wine industry in America (Vine
et al., 2002). Since the end of prohibition, the wine industry has boomed.

Today, it is estimated that approximately 1 in every 100 people works in the wine industry,
whether at the vineyard, the winery, or in the wine marketing sector. Additionally, it is estimated
that the French and the Italians consume about 16 gallons of wine per person per year, as opposed
to the 2 gallons per person per year in the United States (Vine et al., 2002). As a whole, the wine
trade has maintained a sense of stability and proved itself as a lasting industry.

Process of Winemaking

Wine is produced through a chemical reaction called fermentation, which uses the yeast on
the grape skins and, if desired, added yeast to create an alcoholic solution from the grapes’ juices.
The glucose from the grapes reacts with the yeast to form both ethanol and carbon dioxide, as

shown in Equation 1 (Boulton et al., 2002).

Equation 1: Formation of Alcohol from Sugar and Yeast

C6H1206 + Yeast — 2C2HS50OH + 2CO2
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The process begins with collection during the harvest. Afterwards, the grapes are exposed
to approximately 30-100 ppm sulfur dioxide to kill and prevent any further growth of unwanted
bacteria on the grapes before undergoing fermentation (Boulton et al. 2002 and Vine et al., 2002).
Dry wines can be protected from the bacteria with the low end of 30 ppm sulfur dioxide while
wines that have residual fermentable sugar are protected by 100 ppm or more sulfur dioxide (Vine
et al., 2002) Finally, the wine is clarified before it is distributed to customers (Boulton et al., 2002).
While the general fermentation processes between red and white wine are essentially the
same, the initial process differs. Red wine gets its color from the tannins in grapes (tannins are a
material naturally in plants that precipitate protein), so the juice is allowed to stay in contact with
the skins during fermentation. White wines, on the other hand, are made by pressing the grapes as
quickly as possible and removing the skins, thus reducing contact time. The lower contact time
gives less time for the color and tannins to seep, giving a whiter color and different flavor.
Additionally, red wines must mature, while maturation is less important for white wines (The
Difference Between Red and White, n.d.).

One of the most important steps of the winemaking process involves the sensory
component, generally completed during mixing. For example, red wines are aged in oak barrels so
that the oak tannins can be extracted. The oak tannins create a smoky flavor in the wine (Kopchik,
2016 and Vine, 2002). Other factors that play into the overall flavor of the wine are sweetness,
acidity, body, and fruit. Sweetness is controlled by how much sugar is left unfermented in the
wine, while acidity is a measure of tartness. As a result, a balance between acidity and sweetness
must be achieved to obtain an optimal flavor (Vine, 2002). The body of a wine is similar to the
mouth feel, or how the wine feels in the mouth, whether heavy or light. Finally, the fruit flavor in

the wine has a huge impact on how the wine is perceived by tasters. The intensity of the fruit flavor
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varies with the alcohol content; the pH; and the aging material, as some wines are aged in oak
barrels while others are aged in steel containers (Vine, 2002).

Sensory Evaluation

While the sensory components of wine are adjusted during the winemaking process, there
are several different aspects that affect the tasting process. Some of these aspects include the
physiological standings of the taster—hunger, fatigue, ability to smell and taste, et cetera (LaMar,
2001). Others involve both the shape and size of the wine glass, as different sizes affect the
collection of wine volatiles (Mansfield, 2010). The combination of these attributes, along with a
tasting process, allow a person to thoroughly experience and taste a wine.

The tasting process includes four elements: smell, taste, feeling, and seeing. A person’s
sense of smell is about 1,000 times more sensitive than their sense of taste, and as a result, smell
is one of the most important elements in wine tasting. In fact, the flavor a person tastes is greatly
influenced by smell, with about 75% of the flavor coming from smell, or olfaction, and the other
25% coming from taste, or gustation. With these facts in mind, the first step of the tasting process
is to swirl the wine in the glass and smell the aroma. Doing this can give the taster an indication
of the alcohol level in the wine. If the smell is similar to rubbing alcohol, the alcohol content is too
high for the type of wine. Additionally, if upon tasting, the wine as a hot sensation, it is possible
again that the alcohol content is high. However, if the wine “feels thin and unsatisfying on the
palate,” then the alcohol content is on the low side (5 Key Wine Components, 2012).

The combination of smelling, tasting, feeling, and seeing lead to a taste process that is
thorough and thoughtful. To start tasting, about one-third or less of a wine glass should be filled,
as this allows the vapors to stay in the glass. The wine should then be swirled in the glass to bring

some of the vapor molecules into the air and increase the surface area for vapor to move. Next,
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one should smell the wine to play to the olfactory senses. This prepares the brain for the flavor to
come. After smelling the wine, a sip should be taken and swirled around the mouth. This allows
the taster to experience the mouthfeel of the wine. Slurping while drinking aerates the wine,
volatizing it, which increases the intensity of the smell and flavor (LaMar, 2001). The taste testing
process is an important part of analyzing the wine flavors produced during ingredient development

and can be used to help ensure that a wine will be liked by consumers.

Tannins Being Observed
E&J Gallo has two major tannin production processes: ELT and LLT. At Gallo, the tannins

from these two processes are combined together and treated to produce a final product that can be
added to wine.

The Extracted Livingston Tannin (ELT) is produced by toasting oak chips in a rotary
toaster followed by three washes. The chips are placed in a 13% ethanol bath and then two separate
water baths for 24 hours each. The bath solutions are then combined and evaporated so that the
desired tannins are concentrated at the bottoms and the oak condensate can be collected separately.
At this point, the condensate is subject to many pH shifts and put through evaporation processes
to increase the concentration of the tannins. The pH is first increased to 10 to reduce the volatility
of the acidic solution and allow the ring structures of the tannins to open before going through an
evaporation process. The pH is then increased to 12 to further the reaction and again evaporated
to increase tannin concentration. In order to stop the reaction, the ring structures must be closed,
so the product from evaporation is treated with citric acid to bring the pH down to 3. The

condensate solution is then subject to column chromatography where the the solution is washed
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with two 40% ethanol washes followed by two to three 80% ethanol washes to obtain the final
product (Ames & Walker, 2014).

The Livingston Liquid Tannin (LLT) has a much simpler production process, as it is just a
highly concentrated condensate product formed from the wood toasting process. This condensate
is condensed and concentrated by a factor of ten and then purified through column
chromatography. In the resin column, the solution is washed with two 40% ethanol washes and

two 80% ethanol washes to give the final product (Ames & Walker, 2014).
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Purpose

The main purpose of this project was to use the waste stream from the ELT process and
separate the desired flavors. The ELT-03 waste stream was a by-product of E&J Gallo’s primary
oak extraction step involved in flavor production. This stream contained ethanol, water, and other
organic compounds. These other organic compounds include guaiacol, syringol, and other
methoxyphenol and non-methoxyphenol compounds. Each of these compounds had a different
flavor profile, but the products with smoke flavor were of importance in this project.
Unfortunately, due to the processing time of the oak chips, the ELT-03 waste stream was not
available for testing. Instead, many stand-ins such as MF2 (Mocha Fume 2), lab-made oak slurries
of various concentrations, and another waste streams (CT-04) were used. Using these stand-ins
should, in theory, yield similar results to the waste stream except with cleaner results. Once these

components were extracted, they were able to be added to unprocessed wine for flavoring.
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Expected Benefits

By recycling the ELT-03 waste stream, it is expected that Gallo will save money on
treatment processes, as the amount of waste will be decreased. As an added bonus, creating a new
smoky flavor may allow Gallo to start a new line of wines, thus increasing commercial sales.
Because the process will not require the use of any new equipment, production costs should not be

affected, and Gallo should instead see an increase in their revenue.

CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
LIMITED ACCESS AND DISTRIBUTION
19 of 189



ENTIAL TRADE SECRET MATERIAL
D) ACCESS AND DISTRIBUTION

E. &J,. (5‘;!“0 Winery
Experimental Background & Methodology

The two main smoky flavors of importance were predominantly guaiacol and syringol.
These were found in very small concentrations in the waste stream (parts per million) and needed
to be separated from the rest of the waste stream. Once the desired smoky flavors were separated,
it was possible to add them to wines in different samples and conduct taste tests to determine
optimal flavor. The final step was to use this concentration to estimate the feasibility of production
as well as provide a case count based on the quantity of the flavor necessary for each bottle of

wine. This process is illustrated in Figure 1 below.

Figure 1: Overall Project Methodology

Feed: ELT-03 Waste Stream

Pressure Cooking

Separation Processes Wine Spiking

e Blending syringol
& guaiacol

eColumn
Chromatography

e Formation of
methoxyphenols

from lignins e Batch Distillation
*Primarily e Steam Stripping
guaiacol and

e Liquid-Liquid
Extraction
e Evaporation

syringol

There were five ideas for separation: distillation, steam stripping, column chromatography,
evaporation, and liquid-liquid extraction, which are described in further details in the next section.
Bench scale trials were conducted to find the ideal scheme for isolation/separation of guaiacol and

syringol in the waste stream.
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Separation and Extraction Techniques

Cooking Conditions
One way to increase the compounds of importance was to introduce the waste stream to

different pressure, temperature, and pH ranges to try and increase the guaiacol and syringol
concentrations in the stream. Gallo had already conducted proof of concept experiments in their
lab using their small pressure-rated cooking vessel in the past to try to raise these concentrations.
As seen in Figure 2, the waste stream lignins are converted to guaiacol and syringol at high

temperatures, pH levels, and with more cooking time.

Figure 2: Various Pressure and Time Effects on Concentration of ELT Waste Stream

(provided by Gallo)
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Based on past work conducted by intern Devin Ergler in 2014, optimal cooking parameters
were found to be at a basic pH of 12, 40 psig maximum cooking pressure, and 120 minutes of

cooking time. From this information, Gallo wanted to gain an understanding of the total suspended
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solids versus alcohol content in the cooked product. In order to understand this, various slurries of
oak, water, and ethanol were mixed and cooked in a high pressure Soxhlet extractor, seen in Figure

4. The process is outlined below in Figure 3.

Figure 3: Outline of Cooking Process

e Create 600 mL oak slurry
e VVary amount of oak and alcohol
e Adjust pH to 12

¢ 120 minute cook
Pressure ® Ensure stable pressure at 40 psig

cook

¢ Decrease pH to 3-3.5

The pH was increased to 12 using potassium hydroxide in order to open the ring structures
of the lactones and shift the reaction. After the cooking process, the pH was adjusted to 3-3.5 in
order to increase the volatile aroma compounds and to re-close the ring structures. A more detailed
procedure can be found in Appendix I.A. Once cooked, 50 mL of the sample was sent to the lab
to test for aroma compounds and alcohol content. The rest of the samples were stored for further

separations and extractions processing.
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Figure 4: High Pressure Soxhlet Extractor (used for cooking)

Further research also indicated that methoxyphenol production is affec‘éed by the type of
alkaline used to initially increase the pH of the slurry to 12. A study showed that “carbonates
obviously promoted the production of methyoxyphenols while hydroxides greatly increased the
alkyl-phenol production” (Peng, 2014). As seen in Figure 5, the 2-methoxyphenol production
increases 3-fold when potassium carbonate (K2COs) is used as the alkaline additive instead of
potassium hydroxide (KOH). Once the optimal total suspended solid was determined with KOH

as the alkaline, KoCO3 was also used to see the effects on guaiacol and syringol increase.
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Figure 5: Results from Past Study on Methoxyphenol Production (Peng)
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All in all, thirteen different trials were conducted where total suspended solids versus
alcohol content and the effects of alkalinity were tested. Once the optimal cooking parameters
were found and these concentrations were increased, the next step was to try to separate out the

smoke components.

Column Chromatography

Chromatography, in general, is used to separate components. Column chromatography,
specifically, also purifies components. These components are separated into two different phases:
mobile phase and stationary phase (“CHE310: Column Chromatography”, n.d.). The stationary
phase in column chromatography is the packed resin bed, a solid adsorbent placed in a glass
column. The mobile phase is added to the top of the glass column and allowed to flow through the
stationary phase using external pressure (a peristaltic pump). In theory, the mobile phase is the

ELT-03 stream, but Mocha Fume 2 diluted with water and CT-04 was used instead. The column
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was packed at a 50 milliliter bed volume of FPX-66 resin, a food grade adsorbent resin used in

Gallo’s lab. The overall process of column chromatography is illustrated in Figure 6.

Figure 6: Column Chromatography Process

Depletion 2

eSample
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eSample
every 2.5L
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There were 20 liters of the feed added to the column where the flow rate was controlled
with the pump around 8-10 milliliters/minute. The stream exiting the resin column contained the
depleted tannins and samples were collected every 4 liters in order to map out how much of the
tannins adsorbed onto the resin column. Once all 20 liters were depleted, the column was eluted
with ten bed volumes of ethanol at various ethanol concentrations: 20%, 40%, 60%, 80%, and
95%. The depleted tannins were then re-fed through the resin column and eluted in order to

further separate and purify the components in the feed stream.

Distillation

Distillation is a process of separation that can generally occur in either a batch process or
a continuous process. Batch distillation tends to have a product with a lower alcohol content than
with continuous distillation. With the production of alcoholic beverages, the distillation process

separates alcohol and water. Heat is used to vaporize one of the components and isolate the alcohol
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and congeners within the feed (Total Wine & More, 2016 and How Distilling Works, n.d.). The
first part of the alcohol mixture, known as the wash, is the heads. The heads contains the materials
that have lower boiling points, such as ethanol and syringol. The seconds part of the wash to
vaporize is the hearts. The hearts have the highest concentration of the desirable alcohols, such as
the esters, which contribute fruity flavors. Finally, the last part of the wash to vaporize is tails. The
tails has predominantly water. Like in non-alcohol based distillation, each stream will have
different concentrations of each component than originally found in the feed (Total Wine & More,
2016 and How Distilling Works, n.d.).

The distillation process starts with a base containing sugars. The sugars are converted in
the fermentation process into alcohol, which is then distilled. After distillation, flavoring can be
adjusted to change the style and flavor template. In the wine process, the grape juice is fermented,
and the product can then be distilled into brandy (Total Wine & More, 2016 and How Distillation
Works, n.d.). Higher alcohol content in wine or wine products such as brandy require distillation
because fermentation is not enough to get achieve the high alcohol content. Alcohol levels around
14-18% are toxic to the yeast in the fermentation process. As a result, another method must be
used to get a more concentrated beverage (How Distillation Works, n.d.).

The main organic compounds of focus were syringol and guaiacol. As seen in Table 1,
these have very different boiling points, so it would normally be very difficult to get the two

organic compounds out together.
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Table 1: List of Boiling Temperatures (Restek), Molecular Weight, VVapor Pressure, and Flavor/Smell Components
Boiling Molecular Weight Vapor Pressure
Component Temgg;tture (g/mole) (20-25 C) Flavor/Smell
Ethanol 78.37 46.068 7.33 kPa Sweet
Water 100 18.02 3.17 kPa -
Guaiacol 204-206 124.14 0.0137 kPa Roasted
Coffee
Syringol 50-57 154.165 0.000823 kPa Smokey

The idea for the distillation column was to have ethanol and guaiacol come off the top of

the column and water and syringol off the bottoms stream, as seen in Figure 7. Once separated, the

residual stream and condensate stream can be evaporated using a rotary evaporated, which will be

described in a later section, to concentrate the guaiacol and syringol.
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Figure 7: Distillation Column Separation
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Three different distillation trials were conducted using the material from the cooking trials
at three different alcohol levels and with different column types. The condensate was then collected
in increments of 10% of the feed volume in order to map out separation of the important
components. This set-up can be seen in Figure 8. These results were then compared with expected

results from Aspen simulation software.
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Figure 8: Distillation Column Set-up

Steam Stripping

Steam stripping is a type of distillation that makes use of steam at the bottom of the column
instead of using a reboiler. In steam stripping, water is the heavy component from which the other
components, generally volatile organics, are separated (Steam Stripping, n.d.). There are several
typical applications which stream stripping can be used for, including alcohol removal from water.
The process will usually take place at temperatures close to 100°C, the boiling point of water.
While steam stripping requires lower operating temperatures than air stripping, another separation
technique, steam stripping is more capital intensive (Steam Stripping, n.d.).

In steam stripping, steam is injected into the bottom of a tower as a means of heating the

system and beginning vapor flow. The heat provided from the steam then brings the organic
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material, in this case, alcohol, into the vapor phase, where it can be carried out the top of the
column. The stream is fed into the top of the column, and vaporization occurs as the feed falls
(Steam Stripping, n.d.). The flow rate and pressure of the steam varies with the operating pressure,
the material being separated, and the desired percentage of separation. The separation
thermodynamics cannot be based on Henry’s law because of the temperatures, interactions
between materials, and varying concentrations, so the non-random two liquid (NRTL) activity
coefficient model is used. It is recommended that laboratory tests be completed to determine the
varying parameters, but usually vapor pressure data proves to be adequate (Steam Stripping,
n.d.). This information was important while completing Aspen simulations.

The CT-04 waste stream was used as feed for steam stripping where 500 milliliters was fed
to the system and completely stripped. The set up for this experiment can be seen in Figure 9.
Various trials were conducted where the flowrate was adjusted and the feed was fortified. The

condensate and bottoms were then sent for sample analysis.
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Figure 9: Steam Stripping Column Set-up

Falling Film Evaporator
The falling film evaporator works as a special type of heat exchanger and can be used to

increase the concentration of certain components in the liquid. Here, the feed enters the top of the
tubes and flows down, due to gravity, the evaporator. Steam is used as an external heating source,
and two phases form inside the tubes and are separated by means of an external separator. As the
waste stream flows down the tube, partial evaporation occurs, which can increase the composition

of the desired guaiacol and syringol in the stream. This concept is demonstrated in Figure 10.
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Figure 10: Falling Film Evaporator (Evaporation Technique, 2016)
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Gallo has a LUWA-type falling film evaporator that separates light and heavy components
using indirect heat transfer. However, the large scale evaporator was never used due to time
constraints. Instead, smaller rotary evaporators were used for separation. The rotary evaporator, as
seen in Figure 11, consists of a vacuum system, a condenser, and a motor unit that rotates the feed.
The water bath was increased to about 70°C, the chiller adjusted to -3°C, and the feed was added
to a round bottom flask and rotated. The vacuum was then turned down and the pressure was set

to 300 milliPascals (mPa) until a desired ratio of condensate to residual was attained.

Figure 11: Bench-scale Rotary Evaporator Set-up
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Liquid-Liquid Extraction

This separation technique is based on solubility. In theory, the waste stream would be
combined with a solvent in order to separate the aqueous and non-aqueous phases to extract only
the desired organic compounds (M., 2010). As seen in Figure 12, the feed and the solvent mix
together to pull out the desired solute, in this case guaiacol and syringol, into the extract stream.

Figure 13 shows the physical set-up of the liquid-liquid extraction process.
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Figure 12: Liquid-Liquid Extraction Process
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Figure 13: Liquid-Liquid Extraction Set-up

N-butanol was the solvent of choice as it ties to another project where n-butanol can be

separated from the fusel oil side stream from brandy stills. Bench trial scales were conducted using
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a separatory funnel. Mocha Fume stand-ins were used as the feed and three trials were conducted.
Two trials were conducted where the ratio of the feed to the solvent was maintained at a 1:1 ratio
(50 mL each) and 1 trial was conducted where the the feed to solvent ratio was 1:2 (50 mL feed,
100 mL solvent). These trials mocked a five stage extraction where the organic phase was treated
as the new feed and fresh solvent was added to the separatory funnel each time. This principle is

illustrated in Figure 14.

Figure 14: Liquid-Liquid Extraction Lab Process (Multi-stage)
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Lab Tests at Gallo
At Gallo, three analytical lab tests were run on all smoak samples submitted. These tests

are described in Table 2.

Table 2: Analytical Tests at Gallo

Test Name Test Purpose
-Enzymatic volatile aromas
MVAZ -Indicates amount of acetic acid
MALC -Ethanol concentration
-Aroma concentrations of of various
$MAROMOAK compounds
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Results

Cooking
As previously mentioned, the optimal cooking conditions had already been determined to

be 40 psig for 120 minutes at a pH of 12. The main focus for cooking was to discover the effect of
methoxyphenol production from the amount of total suspended solids (TSS) and alcohol content

as well as the use of different bases. In total, thirteen trials were conducted.

Effect of Total Suspended Solids and Alcohol Content

The slurries were created with oak chips of various ethanol concentrations from 0-20% and
the TSS varying from 1-60 gram(s). As seen in Figure 15, the post-cook pH, before it was re-
adjusted back down to 3, decreased with increasing TSS. This was due to the breakdown of the
lignins in the oak chips during the pressure cooking step. With more oak, there is more lignin
breaking down and, as a result, more acetic acid production which reduces the final pH from the

starting pH of 12.
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Figure 15: TSS versus Post-Cook pH
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Acetic Acid Production
The amount of acetic acid produced for each trial was also calculated using the ICE method

and the pKa values. The concentration of acetic acid produced was very low and these calculations
can be found in Appendix II.C.

While there was a trend with TSS, varying the ethanol concentration did not have a large
effect on post-cook pH. Figure 16 shows four different alcohol concentrations at a constant 5
grams of suspended solids in the slurry. In comparison to the 0% ethanol concentration, there is a
pH decrease for the other samples in the chart. However, the trend is not consistent as the pH

increases at 15% and 20% ethanol.
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Figure 16: Alcohol Concentration versus Post-Cook pH with 5 grams of oak
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Sensory Testing
All samples were sent to the lab for analytical testing to get concentration profiles of the

methoxyphenol production. However, lab results take about two weeks to process so sensory
testing was performed at the end of the cooking trials to understand how to further experimental
trials. The aroma for each specific trial can be found in Appendix V. Most samples had varying
intensities of campfire smoke with notes of mocha and fall spices. In order to collect unbiased and
well-rounded data, many employees at Gallo were asked to give their input. The sample with the
most overall pleasing aroma was at 5 grams of oak and 10% ethanol with deep wood and pumpkin
spices. It is important to note that the aroma of the cooked oak slurry varies significantly from the
aroma of the ELT-03 waste stream. Devin Ergler’s results in 2014 mentioned pungent notes of

cumin and fish along with smoky aromas while the cooked oak aromas were much cleaner.
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Analytical Lab Results
In terms of tannin production, there are three major tannins of focus for this MQP: syringol,

guaiacol, and vanillin. Syringol and guaiacol are important due to their contribution of the smoky
flavors and vanillin production is, in general, of interest for the company. There are other
interesting trends in production of eugenol, cis-oak lactone, and trans-oak lactone that can be found
in more detail in Appendix Il. Figure 17 illustrates the different concentrations produced from

cooking at various conditions.
Figure 17: All Cooking Trials (for TSS & Percentage Alcohol)
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Looking at only guaiacol, there was a two-fold increase in concentration between the 1
gram oak and 60 grams of oak at 10% ethanol and 120 minutes of cooking. However, the difference
in concentration between 5 grams and 60 grams at the same conditions were minute. Another
interesting phenomenon was the spike in guaiacol and syringol concentration when there was no

ethanol added to the 5 grams oak slurry, suggesting that the alcohol actually negatively impacted
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methoxyphenol production in the Soxhlet extractor. However, maintaining the pressure was a
major challenge in this experiment, as the power had to be continually adjusted to keep a constant
pressure. There were many instances when the pressure would overshoot to 50 psig or undershoot
to 35 psig with a slight change in voltage. This instability affected the reaction mechanisms and
therefore the methoxyphenol production, which likely is what resulted in inconsistent data. From
the data collected, no definite conclusions can be made about the effect of alcohol on the
methoxyphenol production until more trials are conducted for reproducibility.

Taking into account the multiple factors, it was decided that the trial with 5 grams of oak
and 10% ethanol was the “optimal” condition for further testing at Gallo. While other trials had
higher syringol and vanillin concentrations, this trial had the closest aroma to what was expected.
The TSS in the slurry also closely mimicked the ELT-03 waste stream; only 1 gram of oak would

have been too little in the waste stream and 60 grams would be oversaturated with oak chips.

Effects of Alkaline on Methoxyphenol Production

The past cooking trials were tested using KOH as the base to increase the pH before
cooking. As mentioned before, past research indicates an increase in methoxyphenol production
of K2COs, as seen in Figure 5 in the Methodology. In order to test these results, 5 grams of oak
with 10% ethanol slurries were used for consistency. Three trials were conducted: one where the
pH was adjusted to 12 using only KOH, one with pH adjusted to 12 using only K>COs, and one
where a mixture of both bases were used. There were two major issues with the use of K.COs only.
The first was trying the maintain pressure in the extractor and the second problem was with
precipitation. KoCOs increased the production of CO: in the extractor and the pressure would
overshoot to 60 psig. Then, in order to maintain equilibrium, the pressure would then shoot back
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down to zero and the cooking process would have to be restarted. The other problem was foaming
and solidification when citric acid was added to the cooked slurry. With each increment of citric
acid added, bubbles formed due to the reaction of citric acid with K>COs, as seen in Figure 18.
There reached a point around a pH of 4 where the slurry completely solidified into a peanut butter-
like texture. The solid was vigorously agitated and left sitting for a few hours and separation
between the liquid and solid phase was noticed. Once there was known separation, the solidified
slurry was centrifuged had approximately a 54% vyield. Since the liquid recovery was so low, it
was decided that a combination of KOH and K>COs should be used to increase the pH before
cooking. After about a pH of 10, K>COs reaches its equivalence point in the slurry, and it takes
almost twice as much base to increase the pH. This may have oversaturated the slurry, thus causing
solidification during the post-cook pH adjustment. To prevent this, the pH was increased to about

9.5 with K>COszand then fully increased to 12 using KOH.

Figure 18: Precipitation During pH Decrease Step

Foaming Precipitation/sol_id_ification around pH pf 4.03 Centrifuged: approx 54% vyield

As seen in Figure 19, the concentrations of guaiacol and syringol increased by over 50
times when K>CO3zwas used to increase the pH to 12 instead of KOH. When using a combination
of the two bases, the guaiacol and syringol concentrations were a little smaller, but the vanillin
concentration increased. Although the concentrations of the smoky tannins are lower, there was

no solidification of the slurry and therefore no centrifuging step necessary. The tradeoff then
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became liquid yield versus increased concentration. Based on the results, it was recommended that
the last two data sets (on the right) would be great concentrations for Gallo to work with. For
example, the ratio of K2COzto KOH can be further examined and developed to see if a higher

concentration of guaiacol and syringol can be obtained.

Figure 19: Effect of Base on Methoxyphenol Production

25000
20000
15000
& M Guaiacol
[-%
10000 —— Syringol
H Vanillin
5000
0 .
KOH K2CO03 KOH + K2CO3
Base

When performing sensory analysis of these samples, it was noted that with K>CQOs, the
smoky aroma was not pertinent. Instead, there was a much stronger starchy/pretzel aroma. With
the pH decrease, the aroma became sweeter with a slight licorice/root beer undertone. In order to
try to get the targeted aroma and see the effects of concentration, two samples of 5 grams oak, 10%
ethanol, and pH adjusted with only Ko:COswere evaporated using a rotary evaporator after cooking.
The cooked slurry was evaporated until about 60% condensate was produced. One sample was
evaporated after the pH was adjusted back down to 3-3.5 (referred to as “post-rotovap”) and
another was adjusted back up to a pH of 12 after cooking and then evaporated and re-adjusted back
down to 3-3.5 (referred to as “pre-rotovap”). After evaporation, the bottoms had a slight wet-wood

aroma, more so in the pre-rotovap sample and these sensory results follow the analytics. As seen
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in Figure 20, the guaiacol and syringol concentrations increased in the pre-rotovap bottoms sample.
However, in the post-rotovap sample, there is a higher guaiacol concentration in the condensate.
This may be due to the lower pH during evaporation. The tannins and aroma compounds were
more volatile at a lower pH so guaiacol was more likely to come off as the condensate since it was

the lighter key.

Figure 20: Evaporated K2CO3 Samples
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Liquid-Liquid Extraction (LLE)
The purpose of LLE was to see the effect of separation using n-butanol as a solvent. Two

trials were conducted using diluted Mocha Fumes (MF2) as the feed in a 1:1 ratio (1 part feed to
1 part solvent). One trial was conducted using MF2 as the feed in a 1:2 ratio (1 part feed to 2 parts

butanol). Tables 3 and 4 describe the aroma compounds during the five stage extraction.
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Table 3: MF2 1:1 Extraction Components

" " : Color Volume
Stage Aroma (Organic) (Organic) Color (Aqueous) (Aqueous) mL
1 BBQ Sauce Dark Brown Dark/Medium 50 mL
Brown
2 Honey BBQ Dark Brown Medium Brown 40 mL
Sauce/Bacon
3 BBQ Sauce Dark Brown Honey 35mL
Stronger bacon . _
4 notes/hickory Darker Brown Light Honey 22 mL
5 Undertones lost Dark Brown Light Honey 18 mL
Final Volume: 15
mL
Table 4: MF2 1:2 Aroma and Volume Results
" " . Color Color Volume
Stage Aroma (Organic) (Organic) (Aqueous) (Aqueous) mL
Very strong butanol/light notes of Dark Dark/Medium
1 50
BBQ sauce Brown Brown
Honey BBQ sauce, notes of Dark Medium
2 40
bacon Brown Brown
Dark
3 BBQ Sauce Brown Honey 35
4 Notes of bacon, strong butanol Dark Light Honey 22
' Brown
Very much butanol - undertones Dark .
S of bacon lost Brown Light Honey 15
Final Volume:
15mL
(70% loss)

When n-butanol was added, the mixture separated into a dark brown, viscous layer and a

lighter brown, nonviscous layer. Using aroma and visual senses, it was assumed that the organic

layer (the darker, viscous layer) was the extract and the lighter layer was the raffinate. However,

when the lab results came back, the opposite was true. The agueous, nonorganic phase was
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determined to be the true extract phase, as the important solutes from the feed came out in this
phase (recall that the extract phase is solute-rich and the raffinate phase is solute lean). As seen in
Figures 21 and 22, nothing came out in the raffinate stream (the viscous stream that was assumed
to be the organic phase). This is perplexing because the smoke and bacon aromas were present in
the raffinate stream. It is possible the entire feed matric was extracted along with the n-butanol and
the smoke aroma molecules stayed behind and concentrated with the rest of the feed. This would

explain why the darker, viscous stream lost volume over time; the solutes were pulled out and the

aroma molecules stayed intact.

Figure 21: MF2 1:1 Extraction Components
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Figure 22: MF2 1:2 Extraction Components
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Scale-Up
In order to scale up the LLE results from the two conducted trials in the separatory funnel,

the Kremser equation was used to translate the results to a continuous counter-flow extraction. The

Kremser equation (Equation 2) gives the number of theoretical stages from the following equation:

Equation 2: The Kremser Equation

Theoretical In(E)

where E is the stripping factor which indicates the ratio of the solute being stripped from the
extract. In the Equation 3, V is defined as the solute in the extract and L is defined as the solute

in the raffinate.

Equation 3: Stripping Factor

E=Stripping Factor= VT*k
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The stripping factor uses a distribution factor, K, which is the concentration of the solute in the
extract phase (y) divided by the concentration in the raffinate phase (y), as seen in Equation 4

(Wankat).

Equation 4: Distribution Factor

K=Distribution Factor=

R

The results of this scale-up can be seen in Tables 5 and 6. The value for the stripping factor
and distribution factor are extremely high in both cases, and the theoretical number of stages is
approximately -1, which cannot occur in practice. The high factor values indicate that the solute
in the feed has completely come out in the extract phase, as suggested in Figures 21 and 22. The
nonsensical negative number of stages is an indication that there is actually over extraction in the
five stages, meaning that one stage may be sufficient for extraction. These calculations can be

found in Appendix II.

Table 5: Scale-Up Results for MF2 1:1 Extraction

MF2 (1:1) K E Number of Theoretical Stages
Solute

Guaiacol 236.35 2718.02 -0.973829761

Syringol 61.76 710.24 -0.996541394

Table 6: Scale-Up Results for MF2 1:2 Extraction
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MF2 (1:2) K E Number of Theoretical Stages
Solute

Guaiacol 72.36 1133.78 -0.9859

Syringol 17.40 272.67 -0.9984

The poor results from the scale-up and from the lack of separation may be due to
assumptions made in these experiments. Kremser assumes that the diluent (water) and solvent (n-
butanol) are completely immiscible. However, the water from the MF2 feed and the n-butanol are
actually miscible up to approximately 20% by volume, which would have skewed the results. Also,
the Kremser equation is used for counter-current extraction, but these experiments were run using
five stages of co-current extraction. It is recommended that Gallo look into the results from a quick
one stage extraction and compare the separation to these five stage separation results. It may also

be interesting to look at the effects of feed temperature and pH on separation.

Batch Distillation

Three distillation trials with the 5 grams cooked oak slurry at different ethanol
concentrations were combined and used as the feed. The first trial was only 10% ethanol, and as
Figure 23 shows, a vigreux column was used with 3 valve trays. In order to maintain constant
concentration of the condensate, the aim was to begin collection at a steady temperature of 78-
80°C. However, during the actual run, the temperature would spike well above 90°C every time
the reflux valve was opened to let out the condensate. It was also noticed that the liquid never went

down the vigreux column, yet there was quite a bit of vapor going up. This was most likely an

CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
LIMITED ACCESS AND DISTRIBUTION
49 of 189



ENTIAL TRADE SECRET MATERIAL
) oo, ) ACCESS AND DISTRIBUTION

indicator that the system reached a pinch point, or that there was no liquid hold up in the column

and the vigreux column was experiencing bad column performance.

Figure 23: Distillation Column Set-Up for 10% Ethanol Trial
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Figure 24 shows the results of this separation. All the alcohol (MALC) was distilled

within the first two collections, leaving almost none in the residual. The trend in alcohol
concentration closely follows the trend in pH spike, as shown in Figure 25. With increasing
ethanol in the sample, the pH became more basic. In terms of component separation, the syringol

stayed in the bottoms whereas most of the guaiacol was present in the condensate, as expected.
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Figure 24: Distillation Results (Absolute) of 5 Gram Oak, 10% Ethanol
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Figure 25: pH Trend for 5 Gram Oak, 10% Ethanol Distillation Trial
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The next trial was the 5 grams oak sample, except with 20% ethanol. This time, six bubble
cap columns were used in place of the vigreux column, as seen in Figure 26. The first two
collections had notes of sweet potatoes and vanilla but the third collection had a salty and
unpleasant odor. At this point, it was noticed that there was more vapor and less liquid condensing
in the column. This trial also ran into a similar problem with maintaining constant temperature as
in the previous trial. The condensate temperature kept spiking to 90°C and then undershooting
below 80°C when the reflux valve was closed. With the thought that the ambient temperature
changes were causing these problems (opening and closing doors to let in cool air), the column
was then insulated for the rest of the trial. The temperature then started to stabilize and the

condensate was collected.

Figure 26: Distillation Column Set-Up for 20% Ethanol Trial
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The results of this trial are shown in Figure 27 and Figure 28. As seen from the first trial,

the ethanol concentration decreases with each condensate collection, and all the guaiacol is

evaporated when all the ethanol has been distilled. The separation with 20% ethanol shows more

promising separation that the 10% ethanol, as there is a high concentration of syringol in the

bottoms and very little guaiacol. This suggests that the light key (guaiacol) is more likely to distill

off with higher alcohol content.

Figure 27: Distillation Results (Absolute) of 5 Gram Oak, 20% Ethanol
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Figure 28: Distillation Results (Absolute) of 5 Gram Oak, 20% Ethanol
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The pH trend for the 20% ethanol, as seen in Figure 29, is slightly different from the 10%
ethanol trend. The pH of condensate 2 decreased and then increased in the next collection before
stabilizing. It was expected that the pH would continually decrease as guaiacol is removed from
the feed, as the volatile components are increasing in the condensate. This slight change in trend

may be due to the temperature inconsistency when collecting the condensate.

Figure 29: pH Trend for 5 Gram Oak, 20% Ethanol Distillation Trial
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In order to map out better separation, the 15% ethanol trial was run with only 3 valve trays,

as seen in Figure 30. The first few collections smelled of sweet caramel and then the smell of

ethanol started to overpower the condensate collections. The last collection had a sour note and

the bottoms had a woodsy aroma. With this column, the temperature managed to stay constant

until the last two collections. At these two collections, the guaiacol concentration is highest, as

seen in Figure 32. MALC results were not given back from the lab in time for this project report,

but it is expected based on the last two trials that the ethanol concentration was lowest at these two

collections.
Figure 30: Distillation Column Set-Up for 15% Ethanol Trial
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Figure 31:Distillation Results (Absolute) of 5 Gram Oak, 15% Ethanol
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Figure 32: Distillation Results (Absolute) of 5 Gram Oak, 15% Ethanol
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As seen in Figure 33, the pH trend decreases with each condensate, as it did for the 10%
ethanol trial. This is an indication that more volatile components come out with more collections,

with Condensate 4 and Condensate 5 having the largest amount of volatile components. This is in
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line with the information given in Figure 32 where the concentration of guaiacol is the highest at

both of these collections.

Figure 33: pH Trend for 5 Gram Oak, 15% Ethanol Distillation Trial
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Steam Stripping
The steam stripper was run using CT-04, an unprocessed waste stream containing smoak

components. The smoak feed stream was initially transparent, so Valuable Dark Red (VDR), a
grape component, was used to color the feed to a dark shade of pink. VDR is used in winemaking
as a coloring agent, so it was expected to have negligible impact on the separation results and as
such still comply with the component stipulations of wine. However, it was discovered that the
VDR left solids in the CT-04 stream, and the impact of these solids is unknown. It was initially
believed that the solids were oak particles, but after looking at the solid found in the bottoms and
at oak solids, it was clear that this was not the case. These images can be seen in Appendix
I1.D. Several trials were completed using the waste stream as the feed. Variations were made in

the feed flow rate, which ranged from 6 rotations per minute (rpm) to 10 rpm, while all other
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parameters were kept constant. Samples from both the distillate and bottoms were collected and

sent out to be analyzed. The results of the analyzation are shown in Appendix 11.D.

ENTIAL TRADE SECRET MATERIAL
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Figure 34 and Figure 35 show the concentration of the bottoms and distillate at two

different flow rates: 8 rpm and 6 rpm. These results show that the higher flow rate yielded better

separation of guaiacol in the distillate. As expected, guaiacol was pulled out in the light phase with

the alcohol.

Figure 34: Steam Stripping at Feed Flow Rate of 8 RPM
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Figure 35: Steam Stripping at Feed Flow Rate of 6 RPM
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Aroma testing was completed on both the bottoms and distillate samples to complete a
sensory analysis. The samples taken from the distillate had a stronger alcohol smell, as was
expected, because alcohol is more volatile than water, meaning it was more likely to come off the
top of the column. This was corroborated by the lab results, which showed that most of the distillate
samples contained predominantly furfural and furfural alcohol. The distillate was also clear, as the
color components in the VDR were too heavy to transform into the vapor phase. Additionally, the
samples collected from the bottoms had a significantly weaker smell for the same amount of
volume. However, the smell among each distillate sample and among each bottoms sample were
very similar. The smells were reminiscent of oak, which was supported by the fact that the smoak
material gets its scent from oak tannins.
After completing several trials of steam stripping, the initial feed was fortified, taking the
ethanol content from about 7% to about 10% by volume. This result can be seen in Figure 36.
These variations with the feed were intended to see how the different levels of ethanol affected the

overall separation.

Figure 36: Steam Stripping Fortified Feed at Flow Rate of 8 RPM
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All in all, there were four key results from steam stripping the CT-04 stream:
1. There was 7.5 times the amount of guaiacol in the distillate than bottoms.
2. The non-fortified feed had little to no recognizable guaiacol in neither the bottoms
nor distillate.
3. Fortifying the feed increased percentage of guaiacol in the distillate

4. Increasing feed flow-rate increased guaiacol production in distillate.

Sequential Distillation

Steam stripping and batch distillation showed inadequate separation results, with high
amount of guaiacol still in the bottoms for steam stripping. It would be interesting for Gallo to
look into sequential distillation to see how much further the waste stream components can be
separated. It is recommended that Gallo steam strip the waste stream first and then batch distills in

order to achieve further separation.

Column Chromatography
One full set of column chromatography was done with the diluted MF2 substituting as the

waste stream. This feed was diluted to about 10 ppm guaiacol in order to mimic the ELT-03 waste
stream. There was 20L of the diluted MF2 run through 50 mL of FPX-66 resin in order to compare
results collected by Devin Ergler in 2014. He used the ELT-03 waste stream and his results can be
found in Figure 37. The results from the experiment completed using the diluted MF2 can be found

in Figure 38 and follow a similar trend, decreasing adsorption over time.
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Figure 37: Column Depletion Results Using ELT-03 as Feed (Taken from Devin Ergler)
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The data for this experiment was normalized so that it could be compared to Devin’s bed
volume of 25 mL. In Figure 38, “1” refers to the first pass column chromatography results and “2”
refers to the results from the second pass, when the depleted tannins from the first pass were re-
used as feed. In Figure 37 (Devin’s data), “400” refers to the first pass and “800” refers to the
second pass. The results from using the MF2 had a much lower yield in terms of the guaiacol,
syringol, and vanillin adsorbing to the column. This was due to the fact that the MF2 stream had
more components in the stream than the waste stream did, making it much “busier.” Since there
were many concentrations in the MF2 feed, there was most likely other high affinity components
that displaced the guaiacol in the resin, which is why the percent adsorption drops very quickly.

After the feed was run through the column both times, the column was eluted with ten bed

volumes at five ethanol concentrations: 20%, 40%, 60%, 80%, and 95%. The concentration spikes

can be seen for both elutions in Figure 39 and 41.

Figure 39:First Pass Column Elution Results
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In the first pass elution, the concentration (especially of syringol) increased around bed
volume 4, reached its peak around bed volumes 5 and 6, and rapidly decreased afterwards. This
reduction in volatile components affected the pH trend of each elution and the pH slightly
increased as the tannin concentrations decreased, as shown in Figure 40. Aroma tests were also
conducted for each elution, as seen in Table 7. The more pleasant aromas were present at bed

volumes 4-6, which is also where the tannin concentrations were highest.

Figure 40:pH Trend First Pass Column Elution
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Table 7: Sensory Results from First Pass Elutions

Bed Volume Percentage Ethanol Aroma
1 20% Barbeque sauce, hint of brown sugar
2 20% Concentrated barbeque sauce, bacon
3 40% Campfire smoke, hint of barbeque
4 40% Barbeque, smoke
5 60% Firewood
6 60% Firewood smoke
7 80% Cedar, cigars
8 80% Hint of bacon, pipe tobacco
9 95% Cigar, leather
10 95% Very faint tobacco

In the second pass elution, the concentration of the tannins increased around bed volume
4, reached its peak around bed volumes 5-7, and rapidly decreased afterwards, as shown in Figure
41. As in elution 1, the pH trend, displayed in Figure 42, increased after bed volume 7, indicating
that there were less volatile components detaching from the resin. The aromas for each bed volume

are described in Table 8, and it was noticed that there was no complexity in the aroma from bed

volumes 5-7. In fact, these aromas smelled predominantly of pure guaiacol.
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Figure 41: Second Pass Column Elution Results
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Table 8: Sensory Results from Second Pass Elutions

Bed Volume Percentage Ethanol Aroma
1 20% Smokey, hint of creme brulee and bacon
2 20% Smokey, roasted coffee, bacon
3 40% Smokey, vanilla, cake-icing
4 40% Spice + coconut
5 60% Guaiacol
6 60% Guaiacol, less flavor complexity
7 80% Guaiacol, less flavor complexity
8 80% Guaiacol, fainter aroma
9 95% Guaiacol, fainter aroma
10 95% Very faint smokey smell

Wine Dosing

The final step in this project was to dose wines using the extracted tannins from one of

the separation techniques. Pinot Noir was chosen as the wine of choice for dosing because it

pairs well with the smokiness in guaiacol and syringol. The elutions from the first pass column

chromatography were used for the dosing. Bed volumes 4-6 were chosen based on the pleasant

aroma results, and their high tannin concentrations. Bed volume 6 was dosed straight into the

wine, whereas bed volumes 4 and 5 were evaporated using the rotary evaporator to concentrate
guaiacol in the condensate and syringol in the residual. Past results suggested that the best way to

concentrate guaiacol and syringol was to dilute the elution to 16% alcohol by volume and then

rotovap the samples to achieve 68% of the feed volume in the condensate.
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Pinot Noir can be seen in Tables 9, 10, and 11.

Table 9: Bed Volume 4 Dosing Results

The concentrations of the tannins as well as the amount of tannins dosed in unprocessed

Bed Volume 4 (Rotovap)
Guaiacol 21226.1 PPB
Volume guaiacol added | Volume guaiacol .
(mL) in 100 mL wine in 1L PPB Guaiacol
0.5 5 106.1305
0.25 2.5 53.06525
Syringol 94148 PPB
Volume syringol added | Volume syringol .
(mL) in 100 mL wine in 1L PPB Syringol
1.4 14 1318.072
0.7 7 659.036
Table 10: Bed Volume 4 Dosing Results
Bed Volume 5 (Rotovap)
Volume guaiacol added | Volume guaiacol .
(mL) in 100 mL wine in 1L PPB Guaiacol
0.3 3 86.4363
0.15 1.5 43.21815
Syringol 144965 PPB
Volume syringol added | Volume syringol .
B
(mL) in 100 mL wine in 1L PPB Syringol
1.3 13 1884.545
0.65 6.5 942.2725
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Table 11: Bed VVolume 6 Dosing Results

Bed Volume 6
Guaiacol 41034.4 PPB

Volume guaiacol added | Volume guaiacol

(mL) in 100 mL wine in 1L PPB Guaiacol
0.18 1.8 73.86192
0.09 0.9 36.93096

The original goal was to aim for 75 ppm of guaiacol in the pinot noir. However, when the
trial was conducted using 75 ppm of guaiacol with bed volume 7, it was found that the flavor
profile was too overwhelming and did not provide the right mouth-feel. Instead, the wines were
dosed based on aroma until a hint of smoke was detected in the wine and then allowed to sit to let
the flavors marry into the wine before tasting. The concentrated syringol and guaiacol from
evaporation were dosed separately. These concentrations were also cut in half for another set of
tastings, providing ten different dosings.

The full analysis of the tastings can be found in Appendix V, but overall it was decided
that the best result was the guaiacol at bed volume 5 where the flavor was described as “dark and
jammy.” This occurred at 43 ppb (see Table 10) which is much lower than Gallo’s target at 75
ppb. A lower dosing allows Gallo to dial back on the amount of product to add to the wine, thus
making it more economically favorable.

There was unfortunately no time combine the syringol and guaiacol. It is recommended
that Gallo try different blend ratios of the two in order to attain more favorable flavors. Another

recommendation is to dose the second pass column chromatography trials. With the knowledge
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that the concentrations of guaiacol and syringol were higher in these trials, Gallo should

specifically look into dosing bed volumes 5-7 in either Pinot Noir or Chardonnay.

Aspen Simulation Results

Distillation
For simulation purposes, Aspen Plus was used to try to obtain results for a continuous

system. The column was designed with 40 stages operating at 25°C and 15 psi. The total waste
stream entering was input at 100 kmol/hour consisting of 15% guaiacol, 35% syringol, 25%
ethanol, and 25% water, with the side draw stream coming out at 15 kmol/hour. These
concentrations were chosen at random since the exact composition of the waste stream is unknown.
There were three varied parameters of focus in the simulation: side draw stage, reboiler duty, and
bottoms flow. As seen in Appendix I11.A, the side draw stage was varied from stage 10 to stage 15
and showed the largest concentration of guaiacol coming out at 74%. Increasing the reboiler heat
duty increased the syringol concentration coming out of the bottoms but decreased the guaiacol
concentration coming out the distillate. As seen in Appendix I1l.A, a high reboiler heat duty of
10.75 shows that the system produces 100% syringol at the bottoms and 0% guaiacol at the top.
Finally, the higher bottoms flowrate shows and increase of guaiacol concentration at the bottoms,
as seen in Appendix I11.A.

Next, a rotary evaporator would have been used to evaporate the ethanol and water to obtain
pure guaiacol and syringol. A side stream was used to evaluate intermediate compositions in the
column. When doing Aspen simulations, the side-draw was used to find the stage and temperature
at which the guaiacol concentration was largest. These exact conditions were not replicable at
Gallo and bench scale trials did not include reflux changes, reboiler heat duty changes, or the use

of a side draw.
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Falling Film
Ideally, the falling film evaporator can be simulated as a distillation column with no

rectifying section. However, when consulting WPI faculty and AspenTech, it was determined that
Aspen Shell & Tube Exchanger program would yield more accurate results, where the film would
be on the tube side and the evaporator would be a vertical heat exchanger. This program is not
available on the WPI servers and a consultation with the engineers at Gallo determined that
software simulation would not be accurate. Gallo has a LUWA-type film evaporator with a 400
gallon capacity, but the temperature and pressure ranges are fixed. The only conditions available
for change are to choose between vacuum, steam, or cooling water. While there was no opportunity
to use the LUWA while at Gallo, evaporation was conducted at the bench scale level using a rotary
evaporator to evaporate alcohol from experimental samples before sending them in for trials. The

chiller operated at -3°C and the vacuum pressure was set to about 200 mPa.

Liquid-Liquid Extraction
For simulation purposes, Aspen Plus was used to obtain separation results with the

extraction column. In LLE, the ELT-03 waste stream enters in at the top of the column and the
solvent enters at the bottom of the column. The waste stream consisted of water, ethanol, and
guaiacol and n-butanol was tested as the solvent. Ideally, n-butanol should exhibit preferential
affinity towards selected components in the feed (in this case, the guaiacol in the waste steam). As
a result, two streams should exit—the extract, which contains the desired components extracted
from the feed and the raffinate, which contains residual feed solution and solvent.

In Aspen, various pressures, temperatures, and number of stages were tested. For
simulation purposes, it was assumed that the feed solution came in at 100 kmol/hour with 20%
ethanol, 70% water, and 10% guaiacol and that the n-butanol solvent stream entered at the very
last stage of the column at 200 kmol/hour. At various pressures, there was no change noted with

the amount of extraction so other trials assumed the pressure of the column to be at 1 atm
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(atmospheric pressure). As seen in Appendix I11.B, the separation increased at high temperatures
and more stages. However, Aspen was not extracting all the water from the feed stream, and it
instead came out with the rest of the extract. This does not represent the bench-scale trials at Gallo
since pressure or temperature were not changed in the separatory funnel. It is recommended that
with further LLE trials, Gallo looks into simulating a settler-mixer instead of an extraction column.

This may give more accurate separation results.
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Conclusions and Recommendations

In essence, the completion of this project was a successful continuation of Devin Ergler’s
work and the work performed by WPI students in 2014. Both proof of concept and novel
experimental trials were conducted. However, there are still many directions that this project can
take. Due to the short seven-week window, most trials were not able to be repeated for
reproducibility, so it is highly possible that there may be data that needs to be re-evaluated. It is
also important to note that the ELT-03 waste stream was never in use during this project, so the
expected results will not be an exact match in terms of aroma, methoxyphenol concentrations, etc.

Overall, the best results came from pressure cooking, column chromatography elutions,
and dosing. With pressure cooking trials, the ideal slurry parameter was determined to be at 5
grams of oak and 10% ethanol and there was indeed a significant methoxyphenol production with
the use of K2COs as the base. It is recommended that the ratios of KOH and K.COz are varied to
see the effects on the tannin production while decreasing the likelihood of foaming reaction. With
column chromatography, the second pass elution showed promising results, both aromatically and
analytically. There reached a point where the aroma was predominately smoky and smelled like
pure guaiacol, of which analytical results showed high concentrations. The highest concentration
of guaiacol and syringol in both elutions occurred around 40-60% ethanol, which is an economic
advantage for Gallo. This is because high proof ethanol is costly, so with the knowledge that
elution results are optimal at 40-60%, higher concentrations of ethanol do not need to be used for
elution, saving the company money. Though the elution results were positive, the column
adsorption results were poor. This may be due to the increased number of tannins present in the
feed, which left less room for the guaiacol and syringol to adsorb onto the FPX-66 resin. It would
be interesting for Gallo to try and neutralize or change the pH of the feed (which started at a pH
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of approximately 3) to see how it would affect the affinity of the tannins on the resin column.

With wine dosing, the best aroma/flavor was achieved at approximately 43 ppb of guaiacol
which allows the company toe dial back on their 75 ppb guaiacol goal in each sample. This
promising result should be further expanded by conducting more tasting and spikings by blending
the syringol and guaiacol. Gallo should also spike the second pass elutions as those samples have
a higher concentration in guaiacol and syringol and may lead to even more successful results.

Batch distillation, steam stripping, and LLE yielded mediocre separation results. For
batch distillation and steam stripping, the separation was as expected with guaiacol coming off
the condensate and syringol concentrating in the residual/bottoms. In order to improve
separation, Gallo should look into sequential distillation. Since there was more guaiacol in the
bottom during steam stripping, Gallo should try to first steam strip the waste stream and then
batch distill the bottoms in order to see the separation. LLE results essentially showed the entire
feed matrix coming out with the solvent stream, indicating that a five stage extraction may be too
high. 1t would be interesting for Gallo to do a simple one stage extraction to get a better idea of
the separation in the raffinate and extract streams. These trials were also run at standard
temperature and pressure. While there would be no way to change the pressure in a separatory
funnel, it would be interesting to see the separation that would occur when the feed is subject to
pH and temperature changes.

Over the course of this project, there were some drawbacks that prevented extensive data
analysis. First of all, there were many limitations with the bench scale equipment. The pressure
cooker occasionally had pressure leaks coming out the top, making it difficult to maintain steady
pressure. With steam stripping and batch distillation, the limitations hindered efforts to change

parameters for separation. There were several limitations on the equipment: lack of ability to adjust
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pressure, lack of ability to adjust or completely control temperature, lack of ability to fully control
reflux ratio on the distillation column, trouble getting steam to rise in the steam stripper, heating
capability of the stills, and steam production. All of these limitations made it incredibly difficult
to vary the separation parameters and find the best option available to separate the tannins. Should
these limitations be addressed, then more thorough research and separation trials could be
completed. A huge challenge in this project was conducting six different types of experiments,
while running multiple pieces of equipment simultaneously. It was very difficult to monitor
multiple experiments alone, as the equipment would occasionally malfunction, thus shifting focus
to one experiment. However, while on the other side of the lab, another piece of equipment would
also malfunction, causing a vicious cycle that hindered not only the precision of lab data, but also
lab analysis. There was not much downtime in the lab for data analysis due to the demand of
watching multiple pieces of equipment. This problem, along with lack of lab accessibility (interns
were not allowed to be in the lab without other employees present) meant that there was a very
small time frame left for data analysis. This project was heavily dependent on past research which
Gallo would not distribute prior to the start of the project due to confidentiality restraints. This
made days at the lab very strenuous with research and experimental trials, leaving less time for
calculations and data analysis. Effective work could have been conducted if increased time was
spent on analysis and reproducibility. It is heavily recommended that should this be a future project
in a seven week time span, it should be a group effort, not a solo project. Planning ahead is another
important recommendation, as the ELT-03 stream was not available for use during the project. As
a result, different commercial tannins were used. However, the use of these stand-in tannins were
not consistent, as different ones were used for different experimental trials. Each of these tannins

had various starting concentrations of guaiacol and syringol, so these results may not be true when
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reproduced when using the ELT-03 waste stream as the feed. These recommendations should help

in developing future projects related to tannin extraction and separation.
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Appendices

Appendix I: Experimental Procedures

I.A Cooking:

ocoarwhE

Increase the pH of using KOH oak slurry to desired starting pH.

Load the slurry into the Soxhlet high pressure extractor.

Add the top and use an allen wrench to tighten the screws.

Put the extractor in the insulated woven jacket and place on top of heating mantle.
Turn the heating mantle on high and increase the powerstat to 90-100 Volts.

Once the pressure gage reaches 10 degrees less than desired pressure, turn off heating
mantle and powerstat.

Once pressure stabilizes, turn the powerstat to 70-75.

Start cooking timing when desired pressure is reached.

Adjust the power as needed to keep pressure constant and prevent overshoot.

. Once cooking has finished, turn off the powerstat and take the extractor out of the jacket.
. Place the extractor in an ice bath until the pressure decreases to 0.
. Decrease the pH of the cooked product to 3-3.5 using citric acid or potassium carbonate

and store in 750 mL bottles for further processing.

I.B Liquid-Liquid Extraction:

1.
2.
3.

ok~

Place measured amount of solute and solvent in the separatory funnel.

Put a stopper on the funnel and slowly mix the contents of the funnel.

Once mixed, allow for the particles to settle and two distinct phases will appear: the hevy
phase and the light phase. The heavy phase will be the solute (containing organics) and
the lighter phase will be the solvent with extracted components.

Pour out the two phases into separate beakers.

If further separation is necessary, use the already extracted solute with fresh solvent and
repeat steps 1-4.

I.C Column Chromatography:

1. Set up the chromatography column and cover the filter with a small piece of steel wool.
2. Obtain a 50 mL FPX-66 resin, mix with a small amount of DI water to create a slurry and

pour into the column to pack it.

a. Tap the bed to get rid of air bubbles.

3. Turn the pump on and run DI water slowly through the column to clean the resin.
4. Load feed through the column, collecting 4L fragments and submitting samples for

analysis.
5. Once the feed runs through, the desired aromas should be held tightly by the resin.
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6. Regenerate the column by eluting it with 2 bed volumes (100 mL total) of various ethanol
solutions, starting with the most diluted concentration.

|.D Rotary Evaporator (Rotovap):

1. Set chiller temperature to -3 degrees Celsius.

2. Set water bath temperature to 75-80 degrees Celsius.

3. Grease round bottom flasks and clip the collection and sample flasks onto the apparatus.
4. Close the air valve to pressurize the system.

5. Lower the round bottom flask (with the feed inside) into the water bath and start the
motor to start rotating the flask.

Start the pressure at 350 mPa and slowly decrease to avoid dumping.

7. Allow evaporation to occur until desired ratio of condensate to residual is attained.

o

I.E Liquid-Liquid Extraction

1. Place desired amount of feed in funnel, ensuring that the stopcock is in close position.

2. Add solvent to the funnel and close the funnel with a stopper.

3. Gently mix the two liquids by slowly flipping the funnel back and forth a few times.

4. Place the funnel back on the ring stand and remove the stopper and allow the phases to
separate.

5. Collect the different phases separately.

|.F Steam Stripping

1. Obtain:
One heating mantle with controller
One hot plate/stirrer with stir bar
One one-liter double-necked round-bottom flask with plug
Two beakers or Erlenmeyer flasks for hold unstripped and stripped liquid
Any number trays worth of oldershaw columns
One distillation column middle-stage liquid collector
One distillation column middle-stage liquid injector
One distillation reflux/condenser head
Two 24/40 to 29/42 GGJ adapters
Boiling stones
Ring stands for securing glassware
Flask for collecting distillate
. One digital readout peristaltic pump with 24-gauge masterflex tubing
One glass elbow with ball-in-socket GGJ for collecting stripped bottoms
High-temperature tubing for collecting stripped bottoms

oS 3—xFToS@meo0Te

2. Fill three-quarters of one round bottom flask with a saturated salt solution (note: salt is optional
but will create hotter steam temperatures) and drop in a few boiling stones. Keep more pure water
reserved for refilling.

3. Put water-filled flask in heating mantle and turn on the heat to 80-100.
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4. Stack the glassware in the following order. Please apply a small amount of grease on all GGJ’s:
a. Liquid collector (must be adapted from 24/40 to 29/42)
i. Attach glass elbow to ball-in-socket GGJ with clip
ii. Attach high-temp hose to glass elbow
iii. Put end of hose in clean beaker to collect water during heat-up
iv. Plug open port with stopper or thermometer
b. Oldershaw column
c. Liquid injector
i. Attach masterflex tubing to injection port
Ii. Plug open port with stopper
d. Condenser/reflux head (must be adapted from 29/42 to 24/40)
e. Attach collection flask to reflux head using keck clip
f. Insulate areas of single-walled glass using aluminum foil or padded insulation.

5. Put the liquid to be stripped on the hot plate/stirrer. Heat and stir, but monitor the temperature
closely. Do not allow this liquid to boil or evaporate significantly unless a reflux is set up.

a. Note: pre-heating the liquid will improve the efficiency of the stripper, but over-heating
the liquid with cause the masterflex hose to break down as it is not rated for high
temperatures. Significant evaporation of this liquid will cause fractionation before the
stripper and this will skew results.

6. Allow the glass to heat up. Watch the distillate collection for condensate dripping and watch
for the thermometer on the top of the reflux head to reach over 98 C. Once this happens, turn
the heat up to max. This might take quite a while, an hour or more. Collect the condensed
water in the collection flask, but remember to switch this flask out before collecting product

7. Slowly introduce the liquid to be stripped to the top of the column by turning on the peristaltic
pump.

a. Start with a low setting, around 10, and ramp up slowly. Monitor the vapor temperature
at the top of the column and make sure it is stable. Make sure there is vapor reaching
the condenser. Ideally the liquid would be loaded as quickly as possible without

b. Monitor the color of the stripped bottoms and when the bottoms begin to change color,
begin collecting in an empty, clean beaker or flask.

c. If the top stages of the column cool down too much and vapor fails to reach the
condenser, pause the pump and close the distillate collection valve to allow vapor to
reflux back into the top of the column. Then restart the column following steps 7a and
7b.

d. Monitor the level of the water at the base of the column. If the level drops below the top
of the mantle, pause the column following step 7c and refill the flask with more pure
water, preheated would be best.

8. Once the stripping liquid is gone and the bottoms turns back to water, pause the column
following step 7c. Empty the distillate collection flask and decide whether or not to do another
pass on the stripped material.

a. If so, restart the stripping process with the collected bottoms.
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b. If not, restart the process with pure water instead. Allow this to run for some time to
rinse out the system and then turn off the heat and the pump. Allow the column to cool
down while the chiller still runs.

c. Once water at the base of the column ceases to boil and vapor is no longer seen at the
top of the column, turn off the chiller.

d. Disassemble and clean glassware once cool
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Appendix Il: Important Data/Graphs/

I1.A Cooking
TSS & Percentage Alcohol
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E. & J. Gallo Winery

5 g oak, 10% EtOH

1% 1%

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
M cis-Oak lactone

B Guaiacol

m Syringaldehyde

m Syringol

 trans-Oak lactone

= Vanillin

5 g oak, 15% EtOH

4%
? B 4-Methyl guaiacol

4%
M 4-Vinyl guaiacol

M cis-Oak lactone

M Guaiacol

m Syringaldehyde

m Syringol

M trans-Oak lactone

= Vanillin
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E. & J. Gallo Winery

5 g oak, 20% EtOH

4%

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
H cis-Oak lactone

B Guaiacol

m Syringaldehyde

m Syringol

H trans-oak lactone

= Vanillin

60 g oak, 10% EtOH

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
M cis-Oak lactone

B Guaiacol

B Syringaldehyde

m Syringol

I trans-oak lactone

= Vanillin
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10 g oak, 10% EtOH

4% 4%

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
H cis-Oak lactone

B Guaiacol

M Syringaldehyde

m Syringol

H trans-oak lactone

= Vanillin

Effect of Base on Methoxyphenols

60 grams, KOH only
1% _ 1% H 4-Methyl
guaiacol
M 4-Vinyl guaiacol
M cis-Oak lactone
M Guaiacol
B Syringaldehyde

m Syringol

I trans-oak lactone

= Vanillin
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E. & J. Gallo Winery

2%

60 grams, K2CO3 onl 1%
3%
B 4-Methyl guaiacol
M 4-Vinyl guaiacol
H cis-Oak lactone
B Guaiacol
m Syringaldehyde
m Syringol
H trans-oak lactone

= Vanillin

60 grams, K2CO3 and KOH
adjustment

2% _ 1%

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
M cis-Oak lactone

B Guaiacol

B Syringaldehyde

m Syringol

I trans-oak lactone

= Vanillin
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E. & J. Gallo Winery

D,

-
B g
Ea

b=

Evaporation

K2CO3 adjust (No rotovap)

2%

2% 4%

B 4-Methyl guaiacol
2% M 4-Vinyl guaiacol
M cis-Oak lactone

B Guaiacol

m Syringaldehyde

m Syringol

H trans-oak lactone

= Vanillin

K2CO3 adjust - Postrotovap -
Condensate

3% _ 39, 1% 1%

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
M cis-Oak lactone
M Guaiacol
B Syringaldehyde
m Syringol

I trans-oak lactone

= Vanillin
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E. & J. Gallo Winery

K2CO3 adjust - Postrotovap -
Bottoms
5% 2

0% 0%

% B 4-Methyl guaiacol

M 4-Vinyl guaiacol
0% M cis-Oak lactone

B Guaiacol

B Syringaldehyde
m Syringol

M trans-oak lactone

= Vanillin

K2CO3 adjust - Prerotovap - Bottoms

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
1% H cis-Oak lactone

B Guaiacol

M Syringaldehyde

m Syringol

I trans-oak lactone
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E. & J. Gallo Winery

J-. ENTIAL TRADE SECRET MATERIAL

3% 3% 39

3%

K2CO3 adjust - Prerotovap -
Condensate

B 4-Methyl guaiacol
M 4-Vinyl guaiacol
H cis-Oak lactone

B Guaiacol

M Syringaldehyde

m Syringol

I trans-oak lactone

= Vanillin

[1.B Liquid-Liquid Extraction

Feed

H Vanillin

B Guaiacol

m Syringol

B 4-Methyl guaiacol
B Syringaldehyde

m Maltol
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iR ;a.# ENTIAL TRADE SECRET MATERIAL

Raffinate

M Vanillin

B Guaiacol

m Syringol

M 4-Methyl guaiacol
m Syringaldehyde

H Maltol
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E. & J. Gallo Winery

Extract

3%

H Vanillin
M Guaiacol

m Syringol

M 4-Methyl guaiacol
m Syringaldehyde

m Maltol

Feed

H Vanillin

B Guaiacol

m Syringol

1 4-Methyl guaiacol
B Syringaldehyde

= Maltol
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E. & J. Gallo Winery

Extract

H Vanillin

M Guaiacol

m Syringol

B 4-Methyl guaiacol
m Syringaldehyde

= Maltol

Raffinate

1%

H Vanillin

M Guaiacol

m Syringol

B 4-Methyl guaiacol
M Syringaldehyde

= Maltol

CONFIDENTIAL TRADE SECRET MATERIAL
LIMITED ACCESS AND DISTRIBUTION

93 of 189

4/2/2017



2o
o

ENTIAL TRADE SECRET MATERIAL
D) ACCESS AND DISTRIBUTION

E. & J. Gallo Winery

I1.C Batch Distillation

Distillation of 5 g Oak, 10% Ethanol
Cooking (Relative)
2500
2000
1500
e M Guaiacol
[- %
1000 m Syringol
500 = Vanillin
0
Condensate 1 Condensate 2 Residual
Sample
MVAZ
0.03
0.025 \ //
0.02
§ 0.015
s \ /
0.01
oo \//
0 T T T 1
Feed Condensate 1 Condensate 2 Residual
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MALC
10
9 ~_
8 T~
; \
6 \
g \
g > \ —o—MALC
4
; \
) \
) \
0 : : \\4
Feed Condensate 1 Condensate2  Residual
MVAZ
0.03

A
0.025
0.02 / \

MVAZ

0.015 / \
0.01

0.0'05 / \/\

Condensate 1 Condensate 2 Condensate 3 Condensate 4

Bottoms
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E. & . Gallo Winery

MALC

20
18

16 —

14 \\

12 \

10 \

MALC

o

o N B O
L~

Condensate 1 Condensate 2 Condensate 3 Condensate 4

Bottoms

MVAZ

MVAZ
0.025
0.02 /
0.015 /

0.01 /
0.005

L 3
L 3
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pKa Results
Trial 1 2 3 4 5 6 7 8
Description 1g, 10% 3g, 10% 5g,0% 5g,10% 5g, 15% 5g,20% 10g,10% 60 g, 10%
Pre-cook 11.98 12.01 12.03 11.98 12 12.07 12 11.96
Post-Cook 11.5 10.67 10.31 8.06 8.98 8.77 6.98 6.23
Trial 1
CH3COOH + H20 4 HCO3* + CH3COO
x=acetic acid I 1.04713E-12 0 0
Ka =1.75*%107-5 C X+ X+ X+
pKa=4.75 E ?? 3.16228E-12
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 3.16228E-12
2.11515E-12 | M of acetic acid production
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Trial 2
CH3COOH + H20 4 HCO3*+ CH3COO"
x=acetic acid 9.77237E-13 0 0
Ka =1.75*107-5 X+ X+ X+
pKa=4.75 ?7?? 2.13796E-11
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 2.13796E-11
2.04024E-11 | M of acetic acid production
Trial 3
CH3COOH + H20 4 HCO3* + CH3COO
x=acetic acid 9.33254E-13 0 0
Ka =1.75*107-5 X+ X+ X+
pKa=4.75 7?? 4.89779E-11
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 4.89779E-11
4.80446E-11 | M of acetic acid production
Trial 4
CH3COOH + H20 & HCO3* + CH3COO
x=acetic acid 1.04713E-12 0 0
Ka = 1.75*107-5 X+ X+ X+
pKa=4.75 7?? 8.70964E-09
CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
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E. & J. Gallo Winery
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 8.70964E-09
8.70859E-09 | M of acetic acid production
Trial 5
CH3COOH + H20 4 HCO3* + CH3COO
x=acetic acid 1E-12 0 0
Ka = 1.75*%107-5 X+ X+ X+
pKa=4.75 7?? 1.04713E-09
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 1.04713E-09
1.04613E-09 | M of acetic acid production
Trial 6
CH3COOH + H20 4 HCO3" + CH3COO
x=acetic acid 8.51138E-13 0 0
Ka =1.75*10/-5 X+ X+ X+
pKa=4.75 ?7?? 1.69824E-09
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 1.69824E-09
1.69739E-09 | M of acetic acid production
Trial 8
CH3COOH + H20 4 HCO3*+ CH3COO
CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
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x=acetic acid 1.09648E-12 0 0
Ka =1.75*10%-5 X+ X+ X+
pKa=4.75 7?? 5.88844E-07
Ka=([HCO3+][CH3COO-]) / [CH3COOH]
X= 5.88844E-07
5.88843E-07 | M of acetic acid production
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[1.D Steam Stripping
Microscope Images of Solid Oak and Solids Found in CLT04 Stream

Oak Microscope Image

VDR Solid Microscope Image
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Bottoms (ppb/L EtOH) 10rpm
(249.28g)

1.4%

M 4-Methyl guaiacol

B 5-Methyl furfural

H Benzaldehyde

M Benzyl alcohol
1.4%

M Furfural

® Furfural alcohol

= Guaiacol

Distillate (ppb/L EtOH) 10rpm (9.28g)
1.9%

M 4-Methyl guaiacol
B 5-Methyl furfural
m Benzyl alcohol

M cis-Oak lactone

B Eugenol

H Furfural alcohol

= Guaiacol

1.2% 7.1%

CONFIDENTIAL TRADE SECRET MATERIAL
LIMITED ACCESS AND DISTRIBUTION
102 of 189

4/2/2017



A ;2'1 ENTIAL TRADE SECRET MATERIAL
D ACCESS AND DISTRIBUTION

E. & J. Gallo Winery

Distillate, 6rpm, ppm/L EtOH (50.06g)

3.6%

H 4-Methyl
guaiacol

H 5-Methyl
furfural

H Benzyl alcohol

M Eugenol

Bottoms, 6rpm, ppm/L EtOH
(640.11g)

1.8%3.2% 1.3%
B 4-Methyl guaiacol

B 5-Methyl furfural
m Benzyl alcohol

M Eugenol

m Furfural

H Furfural alcohol

™ Guaiacol
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E. & J. Gallo Winery

Bottom§,4§rggg/glgg/>b/ L EtOH (565.94g)

B 4-Methyl guaiacol
B 5-Methyl furfural
m Benzyl alcohol

M cis-Oak lactone

M Eugenol

H Furfural

m Furfural alcohol

= Guaiacol

Distillate, 8rpm, ppb/L EtOH (24.18g)

4.7%
B 4-Methyl guaiacol

B 5-Methyl furfural
H Benzyl alcohol

M cis-Oak lactone

1.2% M Eugenol

M Furfural
= Furfural alcohol

1 Guaiacol
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Bottoms, 8rpr8,1];'oortified, ppb/L EtOH (559.67g)
1.6%

B 4-Methyl guaiacol
B 5-Methyl furfural
m Benzyl alcohol

M cis-Oak lactone

H Eugenol

H Furfural alcohol

1 Guaiacol

= Vanillin

Distillate, 8rpm, Fortified, ppb/L EtOH
(41.76g)

B 4-Methyl guaiacol
B 5-Methyl furfural
B Benzyl alcohol

M cis-Oak lactone

M Eugenol

m Furfural alcohol

= Guaiacol

= Vanillin
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I1.E Wine Dosing
Bed Volume #6 (1% Pass Elution)
Guaiacol 41034.4 PPB
Volume
. Volume
guaiacol uaiacol PPB
added (mL) in & in 1L Guaiacol
100 mL wine
0.18 1.8 73.86192
0.09 0.9 36.93096

Bed Volume #5 (1* Pass Elution) Rotary Evaporation

Guaiacol =28812.1PPB Syringol = 144965 PPB
Volume Volume
guaiacol syringol
added :’;L“crglem PPB added s\’rci’r:“g"lein PPB
(mL) in & 1L Guaiacol (mL) in ¥ 1gL Syringol
100 mL 100 mL
wine wine
0.3 3 86.4363 1.3 13 1884.545
0.15 1.5 | 43.21815 0.65 6.5 | 942.2725

Bed Volume #4 (1 Pass Elution) Rotary Evaporation

Guaiacol =21226.1 PPB Syringol = 94148 PPB
Volume Volume
guaiacol syringol
added :’;L“C'Qlein PPB added SVr‘i’r']“r;ﬁn PPB
(mL) in g 1L Guaiacol (mL) in ¥ 1g|_ Syringol
100 mL 100 mL
wine wine
0.5 5 106.1305 14 14 1318.072
0.25 2.5 | 53.06525 0.7 7 659.036
CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
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Appendix I11: Aspen Results

I11.A: Distillation Column

Properties
Units METBAR
Method Filter Common
Base Method UNIQAC
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Side Stage Variation

ENTIAL TRADE SECRET MATERIAL
D) ACCESS AND DISTRIBUTION

#1 Feed Specs
Temperature (C ) 2t #of A, Stages 40 Feed Stage ¥ side Stage 10
Condenser
Pressure [P5l] 15 type Total Feed Albova-Stage
o Top stage
F {kmal/hr] 100 Reboiler type Kettle Pressure 5
5 {kmolfhr} 10 Reflux Ratio L5 #of T. Stages 20
Component F F (5] =D B =B 5 %5
Cruatacol 15 15% E.03E-06 i 12154931 18% 7784004 8%
25 5% 2499904 50% B.52E-19 i 000097 o%
Watcr 25 5% 24972549 - 1.42e-16 i Q027445 o%
Total 100 1 45971656 1 40028341 1 10 1
R. Cuty (Gl 175
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 0% 0% 72% 28%
2 0% 0% 29% 71%
3 0% 0% 9% 91%
4 0% 0% 6% 94%
CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
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5 0% 0% 6% 94%
6 2% 0% 6% 92%
7 19% 53% 6% 22%
8 39% 45% 2% 14%
9 69% 30% 0% 1%
10 74% 26% 0% 0%
11 74% 26% 0% 0%
12 74% 26% 0% 0%
13 74% 26% 0% 0%
14 74% 26% 0% 0%
15 74% 26% 0% 0%
16 74% 26% 0% 0%
17 71% 29% 0% 0%
18 61% 39% 0% 0%
19 38% 62% 0% 0%
20 15% 85% 0% 0%
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E. & J. Gallo Winery

#2 Feed Specs
#of A,
Temperature [C ) at stages 40 Feed 5tage ! side Stage 15
Condensa Alnona-
Pressure [P5I] 15 ¢ type Total Feed stage
Reboiler Top stage
F {kmal/Thr] 100 type Ketthe Bressure 5
Reflux #of T.
5 {kmaol/h
tkmol/hr) 10 Ratio L5 Stages | 20
Component F i 3 §] ] B =B 5 u5
(ruatacol 15 15% 5.84E-06 s Faza 18% T772288 _—
25 25% 24.99559 Sir% 2.10E-13 s 5.33E-06 o%
Water 25 25% 24097205 - 2. 80E-D9 Oy Q0279538 o
100 1 45,97 204584 1 4002798 1 1000000019 1
Total
F. Duty Gl hr) 175
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 4.52E-07 2.40E-15 2% 28%
2 2.36E-05 4.29E-12 29% 71%
3 0% 8.30E-10 9% 91%
CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017
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4 0% 1.10E-07 6% 94%
5 0% 1.42E-05 6% 94%
6 2% 0% 6% 92%
7 19% 53% 6% 22%
8 19% 54% 3% 25%
9 19% 54% 1% 26%
10 19% 55% 0% 26%
11 19% 55% 0% 26%
12 20% 54% 0% 26%
13 41% 45% 0% 14%
14 69% 30% 5.54E-06 1%
15 74% 26% 1.88E-07 0%
16 74% 26% 5.55E-09 1.35E-05
17 71% 29% 1.60E-10 4.63E-07
18 61% 39% 4.32E-12 1.50E-08
19 38% 62% 9.61E-14 4.07E-10
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E. & J. Gallo Winery

20 15% 85% 1.62E-15 8.46E-12
Reboiler Heat Duty Variation
#1 Feed Specs
Temperature {C ) 25 # of A, Stages 40 Feed Stage ! side Stage 15
Pressure [P51] 15 cml_:i:“' Total Fead Alpowa-Stage
F (kmol /] 100 Rebollertype | ":’r::::f: 5
S {kmaol hr} 10 Reflux Ratio 15 #of T. Stages 20
Component F ri L =0 B =B 5 x5
Cuatacol 15 15% 1.79€-13 i) 13.84807 1% 1.153931 1%
15 s | swem | ow | azmen
25 25% £.589445 TR 1.51E=01 18% 31.313335 33%
Watcr 25 25% 1.7134844 - 2.04E-01 25% 2849389 209
100 1 B.303293 1 8169671 1 10 1
Tetal
R. Duty (GlShr) 1.75
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 6.66E-14 1.60E-22 91% 9%
2 1.80E-11 1.46E-18 89% 11%
3 2.87E-09 8.03E-15 86% 14%
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4 4.44E-07 4.38E-11 84% 16%
5 6.54E-05 2.33E-07 80% 20%
6 1% 0% 74% 25%
7 19% 54% 20% %
8 19% 54% 20% %
9 19% 54% 20% %
10 19% 54% 20% %
11 19% 54% 20% %
12 19% 54% 20% %
13 19% 54% 20% %
14 19% 54% 20% %
15 19% 54% 20% %
16 19% 54% 20% %
17 19% 54% 20% %
18 19% 55% 19% %
19 19% 55% 18% 8%
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20 22% 64% 9% 5%
#2 Feed Spacs
#of A,
Temperature (€ } 25 Stages 10 Feed Stagel 7 lgide Stage 15
Condense Aloova-
Pressure {F51] - ¢ type Total Feed Stage
Reboiler Top stage
F {kmal/hr] 100 type Kettle Pressure 5
Reflux #of T.
5 fkmalfbri 10 Ratio 1.5 Stages | 20
Component F i g ¥ =D B =B 5 %5
Guaiacol 15 15% £.00E-11 o% 14,0939 5% 0.09060942 o
25 25% 2499549 4% | 5.56E-05 o 3.42E-03 -
Water 25 154 8683491 9.31E-00 | 17% 7009845 —
Total 100 1 313679981 1 5E.32003 1 §.9999998 1
F. Duty (Gl 4.75
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 7.59E-12 1.61E-20 88% 12%
2 2.00E-09 1.51E-16 83% 17%
3 2.85E-07 7.89E-13 76% 24%
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4 2.93E-05 3.08E-09 62% 38%
5 0% 4.13E-06 36% 64%
6 1% 0% 18% 81%
7 19% 54% 11% 17%
8 19% 55% % 19%
9 20% 56% 3% 21%
10 20% 57% 2% 22%
11 20% 57% 1% 22%
12 20% 57% 0% 22%
13 20% 57% 0% 22%
14 20% 57% 6.56E-04 23%
15 20% 57% 2.81E-04 23%
16 20% 57% 1.16E-04 2.26E-01
17 20% 57% 4.79E-05 2.26E-01
18 20% 57% 1.96E-05 2.25E-01
19 24% 56% 7.55E-06 2.01E-01
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20 25% 73% 6.30E-07 2.40E-02
#3 Feed Specs
#of A,
T 1 c
emperature (€ ) 25 stages ap  |eedstaeel T e crage 15
Condense Alzona-
Pressure [P5l
(PS] 15 rtype | Total Feed | grage
Reboiler Top stage
F {kmal/hr
1 fhr] 100 type Kettle | Pressure .
Reflux #of T.
S {kmolfhr}
: 10 Ratio 15 Stages 20
Component F zF K] xh B =B b x5
(uatacol 15 15% 1.50e-01 £.24E-08 O 1.98€-05
35 35% 3.37e-01 1% 2.47e-01 599994
25 25% 25 38% FA3E-27 O 1.39e-17
Water 25 25% 25 - 1.35€-25 O 4.05E-17
100 1 £5.33873 1 24.66327 1 10 i
Total
F. Duty (Gl 10.75
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 5.30E-01 1.48E-02 33% 13%
2 7.82E-01 2.05E-01 1% 0%
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3 4.18E-01 5.80E-01 0% 0%
4 1.56E-01 8.43E-01 0% 0%
5 % 9.29E-01 0% 0%
6 5% 95% 0% 0%
7 4% 96% 0% 0%
8 1% 99% 9.93E-06 6.01E-06
9 0% 100% 1.22E-07 9.11E-08
10 0% 100% 1.50E-09 1.37E-09
11 0% 100% 1.84E-11 2.07E-11
12 7.49E-05 100% 2.26E-13 3.11E-13
13 2.09E-05 100% 2.76E-15 4.68E-15
14 5.80E-06 100% 3.39E-17 7.04E-17
15 1.60E-06 100% 4.15E-19 1.06E-18
16 4.25E-07 100% 4.84E-21 1.52E-20
17 1.13E-07 100% 5.66E-23 2.18E-22
18 3.00E-08 100% 6.61E-25 3.12E-24
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19 7.90E-09 100% 7.72E-27 4.48E-26
20 2.04E-09 100% 9.00E-29 6.41E-28
Bottoms Flow Variation
#1 Feed Specs
Temperature (C ) 25 #of A, Stages 40 Feed Stage ! side Stage 15
Condenser
Pressure [P5l] 15 type Total Feed Alpova-Stage | S{kmolfhr) 10
Top stage
F {kmal/hr) 100 Reboiler type Kettle Pressre 5
B {kmal/hr] 20 Reflux Ratio 18 # of T. Stages 20
Component F ri L =0 B xH 5 x5
(uatacol 15 15% 1.50E=01 21% 2.48E-08 i 1.13E-05 %
35 35% 5.00E=00 T 2.00e-01 100 5999989 L00%
25 5% 25 IEH 3.10e-27 i BAZE-15 %
Water 25 5% 25 IEH 5.62E-26 Ors 5.47E-17 %
100 1 FO.000001 1 2000000002 1 10 1
Tetal
R. Duty (Gl hr) 11.94
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 4.40E-01 1.82E-01 27% 11%
2 2.48E-01 7.46E-01 0% 0%
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3 8.87E-02 9.10E-01 0% 0%
4 4.54E-02 9.54E-01 0% 0%
5 3.52E-02 9.64E-01 0% 0%
6 3% 97% 0% 0%
7 3% 97% 0% 0%
8 1% 99% 7.79E-06 4.70E-06
9 0% 100% 9.24E-08 6.85E-08
10 100% 1.09E-09 9.94E-10
11 0% 100% 1.29E-11 1.44E-11
12 4.76E-05 100% 1.53E-13 2.09E-13
13 1.28E-05 100% 1.80E-15 3.04E-15
14 3.43E-06 100% 2.13E-17 4.41E-17
15 9.12E-07 100% 2.51E-19 6.39E-19
16 2.35E-07 100% 2.84E-21 8.87E-21
17 6.03E-08 100% 3.21E-23 1.23E-22
18 1.55E-08 100% 3.63E-25 1.71E-24
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19 3.97E-09 100% 4.10E-27 2.37E-26
20 9.97E-10 100% 4.63E-29 3.28E-28
#2 Feead Spacs
#of A,
Temperature [C ) 25 Stages a0 Feed Stage ! side Stage 15
Condense Alnone-
Pressure [P51)] 15 r type Total Feed stage
Rebailer Top stage
F {kmaol/hr] 100 type Kettle Pressure 5
Reflux #of T.
S {kmol/h
flamal fhr} 10 Ratin 15 Stages 20
Component F zF 5] xb B =H g x5
Cruatacol 15 15% £.00E-11 % 14.09349 25% 0.890604942 o
25 25% 24.99549 Ta% 5.56E-05 i 3 A42E-03 o
Watcer 25 25% BaE3491 - %.31e-00 1M F.009944 Jom%
100 1 33679981 1 5632003 1 G.9999998 1
Total
R. Duty (Gl 4.75
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 7.59E-12 1.61E-20 88% 12%
2 2.00E-09 1.51E-16 83% 17%
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3 2.85E-07 7.89E-13 76% 24%
4 2.93E-05 3.08E-09 62% 38%
5 0% 4.13E-06 36% 64%
6 1% 0% 18% 81%
7 19% 54% 11% 17%
8 19% 55% % 19%
9 20% 56% 3% 21%
10 20% 57% 2% 22%
11 20% 57% 1% 22%
12 20% 57% 0% 22%
13 20% 57% 0% 22%
14 20% 57% 6.56E-04 23%
15 20% 57% 2.81E-04 23%
16 20% 57% 1.16E-04 2.26E-01
17 20% 57% 4.79E-05 2.26E-01
18 20% 57% 1.96E-05 2.25E-01
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19 24% 56% 7.55E-06 2.01E-01
20 25% 73% 6.30E-07 2.40E-02
#3 Feed Specs
#of A,
T t c Feed 5t 7
emperature (C)) 5 Stages | a0 | oo oEe side Stage 15
Pressure (P5(] Condense Feed | ADOVE-
15 rtype Total Stage
Reboiler Top stage
F {kmal/hr &
(kmol/hr) 100 type Kette | Pressure
Reflux #of T.
5 {kmolShr}
{ 10 Ratio 15 Stages 20
Component F zf b =D B =B 5 x5
CGuatacol 1% 15% 1.50e-01 &.24E-08 i 1.98€-05
35 15% 3.37e-M 1% 2.47e-01 499994
25 25% 25 I8N TA3e-27 i 1.39e-17
Water 25 5% 25 - 1.35€-25 i 4.05E-17
100 1 £5.33673 1 2466327 1 10 1
Total
R. Duty (&1 R 10.75
Stages Stage Composition
Guaiacol Syringol Ethanol Water
1 5.30E-01 1.48E-02 33% 13%
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2 7.82E-01 2.05E-01 1% 0%
3 4.18E-01 5.80E-01 0% 0%
4 1.56E-01 8.43E-01 0% 0%
5 % 9.29E-01 0% 0%
6 5% 95% 0% 0%
7 4% 96% 0% 0%
8 1% 99% 9.93E-06 6.01E-06
9 0% 100% 1.22E-07 9.11E-08
10 0% 100% 1.50E-09 1.37E-09
11 0% 100% 1.84E-11 2.07E-11
12 7.49E-05 100% 2.26E-13 3.11E-13
13 2.09E-05 100% 2.76E-15 4.68E-15
14 5.80E-06 100% 3.39E-17 7.04E-17
15 1.60E-06 100% 4.15E-19 1.06E-18
16 4.25E-07 100% 4.84E-21 1.52E-20
17 1.13E-07 100% 5.66E-23 2.18E-22
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18 3.00E-08 100% 6.61E-25 3.12E-24
19 7.90E-09 100% 1.72E-27 4.48E-26
20 2.04E-09 100% 9.00E-29 6.41E-28
I11.B: Liquid-Liquid Extraction
n=40
100 C
ELT-03 EXTRACT RAFF SOLVENT
EXTCOL EXTCOL
EXTCOL EXTCOL
MIXED LIQUID LIQUID LIQUID
Substream: MIXED
Mole Flow kmol/hr
WATER 70 65.92259 4.077409 0
ETHAN-01 20 18.83503 1.164974 0
GUAIA-01 10 9.417513 0.582487 0
N-BUT-01 0 3.83E-20 30 30
Total Flow kmol/hr 100 94.17513 35.82487 30
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Total Flow kg/hr 3423.844 3224.409 2423.118 2223.684
Total Flow I/min 38998.21 63.35919 55.93381 50.68645
Temperature C 100 151.5665 122.5104 100
Pressure bar 1.01325 1.01325 1.01325 1.378951
Vapor Frac 0.7703777 0 0 0
Liquid Frac 0.2296223 1 1 1
Solid Frac 0 0 0 0
Enthalpy cal/mol -59367.46 -65394.93 -71955.12 -74399.18
Enthalpy cal/gm -1733.942 -1909.986 -1063.829 -1003.729
Enthalpy cal/sec -1.65E+06 -1.71E+06 -71.16E+05 -6.20E+05
Entropy cal/mol-K -30.70769 -47.52202 -105.7445 -120.9597
Entropy cal/gm-K -0.8968778 -1.387973 -1.563392 -1.631882
Density amol/cc 4.27E-05 0.0247728 0.0106747 9.86E-03
Density gm/cc 1.46E-03 0.8481825 0.7220196 0.7311895
Average MW 34.23844 34.23844 67.63788 74.1228
Lig Vol 60F I/min 58.69607 55.2771 49.06972 45.65075

10 stages at 50 degrees celsius

n=10
50C
ELT-03 EXTRACT RAFF SOLVENT
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EXTCOL EXTCOL
EXTCOL EXTCOL
LIQUID LIQUID LIQUID LIQUID

Substream: MIXED

Mole Flow kmol/hr

WATER 70 66.50127 3.498728 0
ETHAN-01 20 19.00039 0.999614 0
GUAIA-01 10 9.500153 0.4998473 0
N-BUT-01 0 9.29E-03 49.99071 50
Total Flow kmol/hr 100 95.0111 54.9889 50
Total Flow kg/hr 3423.844 3253.4 3876.584 3706.14
Total Flow I/min 56.35166 53.54873 78.60838 76.06382
Temperature C 20 20.00064 20.41434 20
Pressure bar 1.01325 1.01325 1.01325 1.378951
Vapor Frac 0 0 0 0
Liquid Frac 1 1 1 1
Solid Frac 0 0 0 0
Enthalpy cal/mol -69057.25 -69058.19 -77860.57 -78740.72
Enthalpy cal/gm -2016.951 -2016.75 -1104.443 -1062.301
Enthalpy cal/sec -1.92E+06 -1.82E+06 -1.19E+06 -1.09E+06
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Entropy cal/mol-K -57.70512 -57.71072
Entropy cal/gm-K -1.68539 -1.685363
Density mol/cc 0.0295761 0.0295715
Density gm/cc 1.012642 1.012598
Average MW 34.23844 34.24231
Lig Vol 60F I/min 58.69607 55.77644
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-1.795263

0.0116588

0.8219191

70.49757

79.00421

-134.0085

-1.807926

0.0109557

0.8120681

74.1228
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Appendix IV: Raw Data

IV.A Cooking

TMARD
IMARD
MARD | IMARD IMARD | EMARD | SMARD | SMARD | SMARD | SMARD IMARD HARD | SMARD IMARD | SMARD MARD MOAK-
gy LB gy LR MK SMARD | SMARD IMARD TMARD IMARD Ao [ 4
Wt | 5ot | 1000 | cesn | scn [ por | mou | wo [orcon| e | mane [FVROAT|SVRTM COLDAT COUTIM| SMARD | oo |y [ MM MOAKE MDA M0AR- | MOAK. | MORE. | MORE | MOAK- |y oo MR | MO M0 || MOAK | MOAK || MOAR | | Vel
= C E E E B[ Moak g et | Vil Lt;l” ] o e el Kl I P o L Pt I B el e P e e
il | il | o1 | el | lone | e | okl | et | ol aleobal acetzie | epemal variluz | chyde aston corpend
uook
il UK
anaT NH0LT ke ) 150117 .k. gy F 12007 sk astl0n1anr |izonas| TME [0 facle Jomamfers e e (s femo s fen e (e [ @ famo e sn o fds o |emo (e [ww s e [ | TME
i "
- Fresuce [ R - . T — win | . . v | . . . . . . . .
Ty NH0LT i Ll W 12007 sk astl0l1anr |izonas| TME [om foce Jomafen o femie e fsmo o |swo e [em s smo [s10 |ew fsmo mamn e [sno |sm [em [wen |sm e feen | TME
I Tresuce BRI - s UV R e L . . ol . . . . . . . . .
o NPT i i 012007 |wsEast {01030 |Iz00ak | TITLE, [ode focpe Jomwnsfsn o e emo fsmo o |smo o [am e smo [sn0 |esw fsmo s |em [sno |swo (smo fwa e e s | TME
SMARD | SMARD DE0 SMARD | SMARD | SMARD | SMARD | SMARD | SMARD SMARD SMARD | SMARD SMARD | SMARD SMARD ::T:\TED
q“?;]r'::l M1 100 | Geesin | mscR LABDES ar TANK wo |orcone| wse | mame SUHDAT | SUBTIM [COLDAT | COLTIM | SMARD MALD a?':;zﬂ .\m.\““n_“":n“'s'mlc.s. .“ﬂ-\l(-. MOAK- | MOAK- | MOAK- | MOAK- F\:::Kn mﬂxﬂ MOAK- t:]:ﬂ:{ﬂ MOAK- | MOAK- m’;{ﬂ MOAK- “ﬂAK t::j‘:ﬁ(n MOAK- “:::Kn l\"nlllilx
= c E ¥ E £ | MDAk s s Ml | Vil M”*QI’ My | Accova Memalich] Bemyl | o | Bl | o D | Pt | o gt [ e | M Sy o e | e
gnd | | el [ Moo | | shoobol [ ctone (e | akobol acctste | Eepenal ulat | chyder | TP | lackon compound
5 - cak
(el izl  [masan s ‘:kl ..nmn.x 12717 |00 32 AM[O12617 (1200 AM | TITLE_ [14.78 sl St <280 <2600 <2600 |00 |0 <50 <280 <2800 [<280 <2600 <20D O |FED R <280 <200 |00 |<2E00 (<200 <20 70050 TITLE
oM 1126201 7 ;: 3 prosware 012717 |0 5T AM 012617 {| TITLE 1952 AR (<250 51940 <2600 <200 <2600 <300 <300 <20 <2400 <20 <2600 <2600 W <A <20 <200 <2500 <2800 <2600 <20 TITLE
s man ;I-\' ke - nur.::\l'.‘:"‘f:"" — i [oeszam|oasns (neoas| TmE fas |omsme om0 [ [ome |amn [ome [smo fesm s s 2w |emn fow |smo fom femn fowme |amn fomn |ew o | nme
FIECTE =
WATD SMARD
. - e 2 i 0 0 3 5 8 0 4 5
Walih | SCMI | LOOD | GeowpdD | TSR S| LOT | TANK | WO [ORCODE( LISE | RADI [ ) : Wrnalti 5[ 1, ']I]imw' | | | " | MOAK. | MDAE- | | wnag- | ° ik " [ m0ag- | [ Ak | " | M0AK- :
Er r L I e Bt Pl I el G s Rl e N et e L Pt B e L P e g
: | | g | | | e [ | el | b | e | skl R il P R Bl corpound
5ok
frt £
S 11
- Kl Sy ., L (e |, . . . . . ) S .
(e . b N TLLIT i (ke 10T (1O PN ADT [IT00as] TITLE |Or€edid (<240 |30 |<2ad (<200 |<déad [<300 (<8I0 (0GR <MD |edén 2D [24DO|IMIOO |<SD [M4|. WDl N [ A | TITIE
b (oaked) - R o
Py \
Tech
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SARD IMARD
SMARD | SHARD SMARD | SMARD | SMARD | SMARD [ SMARD [ SMARD SMARD IMARD | SMARD IMARD [ SHARD TMARD MOAK-
i LARDES SUBDAT | SUBTIM COLDAT | COLTIM | SMARD i MLAK. 2. MOAK-£ WH.SIWKS MOAK- | MOAK- | MOAK- | MOAK- | MOAK AR O MK ARy MOAK- | MOAK Lk MOAK- | MOAK RO MK L Volatil
Walah | SCM] | LODD | Goowpll | DSCR LOT | TANK [ WO ([ORCODE( LISE | RAD2 Wimlti . Vipkemy ) MOAK- | MOAK- MOAK- MK o | MOAR- MK
am [ E E E E | MDAK TSN Maty] | Vimyd il Meltyl [Acctovasd | Bemalich| Bemnd | ek | Eiyl Faredl | R Furfind g Bexyl | 3 Meyl | Syringald e raea-Clak Vigillin | =™
: | | g | T | | e | e | el | o || ] B P Ll A ] e e
-k
Prejects i
1] - CANOF
- kL Tresuge |, . . - Y . . - v [ I .
(iEs1 . fr ok ok 1SNTT (U100 PN [ATS01T (1200AM) TITLE (ODMESZ3 kil 30D 280 [0 280 300 [<300  |M350 |<24AD |2 A0 |20 (10260 [<SW [0 [l [ 200|146 | MTLE
7 B
Precon
Tch
—_— sy Lan | SMARD | SMARD a | sstano | svano | sano | sano [ swano | samo [ ool Hovann | o Hvann | smaro | oo svano | swaro [ o0 | ssano | o oy
= LARDES symDAT | sumTIM |coLDaT [coumiv | smano . M ke Juoak.2 ssnaic.s | asna [ ssoai [ssoai [ ssoaic | ssoa- MOAK- MOAK. | M0AK- oAk | MoAK. MOAK- Valaile
Wéxnr‘l‘h. SCM1 LOOD Cecuplld DECR e LoT TANK WO |ORCODE | LINE RAD2 E E £ E MOAK MALD | MVAZ ::;l:llln_: 3 1 Vamd ]m)’l:ue:y 3 1 Y P Byl ]\-m‘(l ;mi(- F :On.A.K-I Henyd o BOAK- 2 1 | Syvicgela \m‘(ﬂ] rama Dok t‘nﬁl‘.(- p—
: § grmsimcal. | gresimcal M:’_ll Socfoal | Momo | gde | skobol | ictoon | encl | B | P | [P ke | Bogenct | B [ cacmetn | o | [ hactoen |
a ok
1
Rt o powz: [azimonsfoosn |post a3 [ara1em fozisas fizesas] nmie e Jaci 15 150 150 150 =t 5. s [« wo [ RE I TR 15 150 150 150 150 350 TITLE,
o] PR o
L I pewar faztaaon s (7T M oss azio17 |ioreastfizisns [zooan| mmE o faces stz [ |sm mm [ fam e [sw |en |sw; [sw [nen |am (e S R T (PR TITLE
gy LAB ary_LAB SMARD | SMARD _\;:1::.2. AMARD | SMARD | SMARD | SMARD | SMARD | SMARD SMARD | sMaRD SMARD SMARD EMARD | SMARD SMARD SMARD | SMAR SMARD SMARD SMARD t:):“(n-
ws_];r}".‘h. sl | 1oon | Gein [ pscw [MUPFELjor | mowc | wo [orcooe( uwE [ papa [SEPAT) SUTM COCDAT) COCTIM  SMARE ( yixre | uvaz ?’,;;::ﬁ\-.“'mvr“:;‘:" e v P Ml el ‘:_?_;‘I‘ moak- | Mok | MO | uoak. ‘:’;,‘1‘ MM | moak. [ - s:.n,::a wnak. | MM | agoag | Velite
. ; Mot yl | Ml e | Fageeal | Fufiont | P55 | siseal Mabat | Mo Sysirgnl Vanilln
gl | gsacel | P | et | Boe | pde | slbol | deone [ v slcobl scctzte | Esgemal varlare | chpde “acan:
u ook
1 F— R
I ] azonr fosaenu fizosn [1zonan| e o facm 1 [ famn e fem e b |ams |as |ame |ame |sea |sw |amo |ame |ame e Jams o [aso [oses | e
SMARDOM SMAROM
MARCK | SMARDN MARDON | SMARDR | SMAROM | SMARDM | SMARON MAROKM MARDN [ SMARDR MAROK DAK-
ry_LABW ary_LABW SNH_ smx+ CAKS- sm:—s— 8 o smx— 8 o smx—:is— SMAROM | SMARDM | SMAROM 8 | SMARDM | SMARON [ SMAROM | SMARON 4 e 8 a | SMAROM ;M_"ans_ SMARDM .
_¥Tab.SID | LABDESC LoT TANK wo OPCODE MALC multi_xTa Hydrosym . OAK-Ethyl OAK- OAK- OAK- OAK-Hexyl| OAK-iga- OnK- ) OAK- OAK-
M nspw | Methd | Vind ciogl || e PR ) G Oak L itate | Eugenel | Furtural | T | g vient | acotats | Eugenel | manoy | MEth | Swrinealdel o1 08k ) amiin | 202
guaiacol | guaiacol Sfurfura Turfural lone yde aloafal lactone aloahal wanillate hyde lactone COmpoun
ds - aak
MFZ 1:1 3llan201
SOATTLE Dilution o miZ pH=2.53 PENDING | SO4771E 23562 4 <1003 158520 15570 10153 <2000 <2000 <1000 =<10000 2354 207587 <10000 50630.7 <2000 <1000 65583 <10000 50875 114458 <1003 173849 TITLE_
SOATTLE  MF4 E_JAIIZDI mild pH=3.05 PENDING | 0047715 1757.5 <1000 257536 53280 2B337 <2000 <2000 23133 4 <10030 SBAL.L 519349 <10000 A4263.5 <2000 <1000 115858 <10000 A79534 230398 120734 953754 TITLE_
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Botloms -
(67900 Hotovep 400 V4 2142007 <0.005 ODATa00 500 <500 <5000 5000 LOLED <1000 1000 <500 5000 <500 <5000 <5000 <500 1000 =500 E0CE <5000 ELIA Y G4 ld% <500 1l45E 4
.
Condensate -
(67901 Hotovep 400 V4 2142007 <0.005 O0ATe01 214383 =500 <5000 5000 <5000 <1000 1000 G115 |5000 1184 15227 | <5000 212241 <1000 =500 <5000 <5000 <5000 ®E24 <500 <500
[zion
Botloms -
(67902 Hotovap 600 avE 2142007 20.005 Q06702 5494 LT EEIQ <5000 1470521000 1000 <500 <5000 <500 <5000 <5000 <500 1000 <500 <5000 <5000 &161T 144968 =500 161144
.
Condensate -
(67903 Rmnv:pmm'-‘ 2142007 00008 D0DATANG 451962 <1000 10000 10000 10000 <2000 <2000 1197 1 10000 1T T LOdES 210000 I=RII 2000 <1000 10000 10000 10000 10000 LOE0E 1000
IEzion
IV.C Batch Distillation
Projects in.
CANPRO CANOPL | Disiillate PENTHR
ODATI04 JECTS- 2152007 for 1-5g 2142007 G QU005 ODATING =50 <50 =500 <500 <500 =100 <100 <50 <500 <50 <500 <500 <50 <100 <50 [« <500 <500 =500 <50 <50 _TITLE_
PTECH Process 15% oak
Tech
Prajacts in
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Tach
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PTECH Process 15% oak
Tech
Projects in
CANPRO CANOPL  Dissillale PENTHR
O0RTI07 JECTS 2152007 for d.5g 2152007 o Q00 ODATI0T =50 80 <500 Q142500 =100 =100 4549 7 2500 1493 Mg <500 256 512100 <50 8 <500 <500 <500 1652 <50 _TITLE_
PTECH Process 15% onk
Tech
Projects in.
CANPRO CANOPL  Dissillate PENTHN
CORTI0R JECTS 2152007 for 5.5q 2152007 G 4255 <500 <500 <500 <100 <100 ITIRT <500 1114 3695 <500 13914 <100 <50 g <500 <500 <500 1104 <50 _TITLE_
PTECH Process 15% oak
Tech
Projects in
CANPRO CANOPL  Bottoms - PENTHR
O0RTI0G JECTS 2LEI0LT for LR 2153007 o 0021 O0ATI0E <15 &9 435 <150 <150 <30 <30 1065 <150 <15 1581150 &15)230 <15 8 <150 1719 R LA LIELA| _TITLE_
PTECH Process  cak
Tech
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ARG
SMARD
SMARD SMARD | SMARD | SMARD | sMaR0 | sMaRo | smaRo SMARD SMARD | SMARD SMARD | SMARD SMARD MOAK.
FyLAB LARDES AR ok [wonsc.t MO unag s | oAR. | MOAK. | MOAK. | MOAR. | Moak. | SMIARO | SMARD |, | SMARD | g | a0k | SMARO | vioag. | soas. | SMARO | yng. | SMARD | ) e
W aTeb8| SCMI | LCOD | GrouplD | DSCR wT | Tank | wo  |oecopE| walc | Mvaz |Wmaki s ydrarym| ) . MOAK. | MOAK. MOAE- : MOAK- 5 MOAK- MOAK-
[ ¢ rab sopng | eti? Vi g | Metin? f Acstovani Benryl | cisake  Bhod f o 0 | el | T | et | T | B |y | Mot Syrimgol | 0k | Vil | TOme
- gaincel | gaincel furfural | Wone | wde | aloohal | lactone | vaniliste alcahsl acetate | Tagenal vaniliae | yde Tactane d
fucfcal sk
Trogects in
CANPRO o (CANDPL Candsnsal
0057655 TECTS " a1.5g (DN | om0t SSEA D05 OOSTRSS <50 (<D w500 esn0 [eso0 3t | ere7|esmn w1 1179500 4100 <50 <S00 SO0 SO0 csOD W61 1331 TITLE_
PTECH e
GRO20K Comdiermat
OsTis vl 22.5g (DML | 20E30 0L O05TRSE <30 451 <500 sTes00 (<100 9 WeE 6000[<s0n 000 S0 w500 <500 <500 |<s00 MEes) | TITLE
CANTRO |
On0sTsT TECTS ;‘b‘"'"“' far 'f‘"".‘;“_‘ DNl | zoEaonT 008 QO0E|DOSTGST <50 6140800 SO0 <SO0 <100 |<ID0 <0 <D0 <50 <SO0 |<SO0 <D <00 <50 |<EO0 |<sOD an 17331 TITLE.
PTECH | e
CANTRO Candznsal
00sT6sK TECTS o1.5g (DENL | 2oe20rT SRIEONS  OOSTASK <50 <0 SSO0 SN0 <500 <100 <100 S0 <S00 <50 SO0 <500 S0 <100 <S0 =00 <500 «S00 <s00 |<sO 529 TITLE.
PTECH s
Projects in
gy CANDP! Condsnsal
anosTEs e e3.5g (EWID | 20E2007 340005 OOSTRSD <50 |<E <500 <SN0 [0 00 100 <50 <S00 <30 <50 SO0 <50 <100 <30 <50 <500 SOD<S00 <50 74| TITLE_
: Process |10%%
CANTRO enangn © Batioms
aosTE mers. | Spam [N | XENIT 005 07| OnsTED <50 59500 <500 SO0 <100 <100 <30 S0 S0 SO0 <500 <80 <100 <50 500 <00 FLECIT | 15ELE TITLE.
PTECH | : ’
1 CONDEN
CANPRO | oo (CANDPL SATE
onskEs TECTS “ o Sgoak, |DOWID | I0RNCT pH-5.73 a|onskssn 25 FETT I 131 =50 & s dadifasn 20041 <50 w250 |e2s0 fe2s 89 189 TITLE
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IV.D Steam Stripping

E&J Gallo Winery Date: 012517 1609
LAB REPORT Mol o

Lab ID: 0D31082 Steam Stripper 8 rpm Saction: CANPROJECTS-PT
Col Date/Time: 01/19/17 00:00 Projects in CANOP! for Process Tech Tank:  16-01-17
Submitted Date'Time: 01/23/17 0938 8rpmB Lot: excel sheet desktop
Sample Type: BOTTOMS Cummins 1688-10 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volafile aroma compounds -0~ _TITLE_ NONE

MAROMOA Hexyl acetate <30 oeb NONE 30

MAROMOA Furfural <150 ppb NONE 150

MAROMOA 5-Methyl furfural <150 opb NONE 150

MAROMOA Furfural alcohol 3234 opb NONE 150

MAROMOA Benzaldehyde <30 opb NONE 30

MAROMOA Guagacol 47.90 ppb NCNE 150

MAROMOA Benzyl alcohol 132 opb NONE 30

MAROMOA trans-Oak lactone <15 opb NONE 150

MAROMOA 4-Methyi guaiacol 77.40 ppb NONE 150

MAROMOA Maltol <150 opb NONE 150

MAROMOA cis-Oak lactone <15 opb NONE 150

MAROMOA Eugenol <15 opb NONE 150

MAROMOA 4-Vinyl guaiacol <15 opb NONE 150

MAROMOA Syringol <150 opb NONE 150

MAROMOA! iso-Eugencl <15 ppb NONE 150

MAROMOA 5-Hydragymethyl furfural <150 b NONE 150

MAROMOA Vanilin <15 ppb NONE 150

MAROMOA Methyl vaniliate <150 opb NONE 150

MAROMOA Ethyl vaniliate <150 opb NONE 150

MAROMOA Acetovanillone <150 ppb NCNE 150

MAROMOA Syringakiehyda <150 oeb NONE 150

MALC  Alcohol % viv at 60F 1.18 Fowv+0.14 NONE 005
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E&J. Gali; Winery

ENTIAL TRADE SECRET MATERIAL
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Date: 01/2517 16:09

LAB REPORT A P M et s

Lab ID: 0OD31056 Steam Stripper 6 rpm Section: CANPROJECTS-PT
Col Data/Time: 01/1%17 00:00 Projects in CANOP for Process Tech Tank:  18-01-17
Submitted DateTime: 01/23/17 0938 6rpmB Lot: excel sheet desktop
Sample Type: BOTTOMS Cummins 16B6-10 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Vicolations MDL Analysis Comments

MAROMOA Volafile aroma compounds -0~ _TITLE_ NONE

MAROMOA Hexyl acetate <30 opb NONE 30

MAROMOA Furiural <150 ppb NONE 150

MAROMOA 5-Methyl furfural <150 opb NONE 150

MAROMOA Furfural alcohol 2605 ppb NONE 150

MAROMOA Benzaldehyde <30 oeb NONE 30

MAROMOA Guaiacol 38.90 ppb NONE 150

MAROMOA Benzyl alcohol 152 opb NONE 30

MAROMOA trans-Oak lactone <15 ppb NONE 150

MAROMOA 4-Methyl gusiacol 59.90 b NONE 150

MAROMOA Maltol <150 opb NONE 150

MAROMOA cis-Oak lactone <15 ppb NONE 15.0

MAROMOA Eugenol <15 oeb NONE 150

MAROMOA 4-Vinyl guaiacol <15 ppb NONE 150

MAROMOA Syringol <150 opb NONE 150

MAROMOA iso-Eugenc <15 ppb NONE 150

MAROMOA 5-Hydraxymethyl furfural <150 ppb NONE 150

MAROMOA Vanilin <15 opb NONE 150

MAROMOA Methy ! vanillate <150 ppb NONE 150

MAROMOA Ethyl vanilate <150 ot NONE 150

MAROMOA Acstovanillons <150 ppb NONE 150

MAROMOA Syringaldehyde <150 oeb NONE 150

MALC  Alcohol % v at 60F 0.26 Fowvx0.14 NONE 0.05
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)\

E&J Gallo Winery Date: 01/2517 1608

LAB REPORT tiocke pacimd@eieio.com

Lab ID: 0D31068 Steam Stripper 10 pm Section: CANPROJECTS-PT
Col Date/Time: 01/19/17 00:00 Projects in CANOPI for Process Tech Tank:  16-01-17
Submitted Date'Time: 01/23/17 09:38 10pmB Lot: excel sheet deskiop
Sample Type: BOTTOMS Cummins 16B10-10 CANOPI: 12063
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volafile sroma compounds -0~ _TITLE_ NONE

MAROMOA Hexyl acetate <30 ppb NONE 30

MAROMOCA! Furfural <150 pb NONE 150

MAROMOA5-Methyl furfural <150 ppb NONE 150

MAROMOA! Furfural alcohol 3562 opb NONE 150

MAROMOA Benzaldehyde <30 ppb NONE 30

MAROMOA Guaiacol 69.20 b NONE 150

MAROMOA Benzyl alcohol 4| b NONE 30

MAROMOA trans-Oak lactone <15 ppb NONE 150

MAROMOA 4-Methyl guaiacol 130.50 opb NONE 150

MAROMOA Maltol <150 ppb NONE 150

MAROMOA cis-Oak lactone <15 opb NONE 150

MAROMOA Eugenol <15 ppb NONE 150

MAROMOA! 4-Vinyl guaiacol <15 ppb NONE 150

MAROMOA Syringol <150 tpb NONE 150

MAROMOA! iso-Eugencl <15 ppb NONE 150

MAROMOA 5-Hydraxymethyl furfural <150 b NONE 150

MAROMOA Vandlin <15 ppb NONE 150

MAROMOA Mathy! vanilate <150 ppb NONE 150

MAROMOA Ethyl vanilate <150 ppb NONE 150

MAROMOA Acetovanillons <150 ppb NONE 150

MAROMOA Syringaldehyde <150 b NONE 150

MALC  Alcohol % wiv at 60F 1.86 Fowv0.14 NONE 0.05
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L
o

E&J Gallo Winery Date: 01/2517 16:09
LAB REPORT Rce gk e

Lab ID: 0OD31059 Steam Stripper 6 rpm Section: CANPROJECTS-PT
Col Date'Time: 01/1%17 00:00 Projects in CANOPI for Process Tech Tank: 16-01-17
Submitted Date/'Time: 01/23/17 0938 6rpmD Lot: axcel sheet desktop
Sample Type: DISTILLATE Cummins 160610 GANOPI: 12063
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volatile aroma compounds - o _TITLE_ NONE

MAROMOA Hexyl acetate <150 et NONE 150

MAROMOA Furfural 2219 ppb NONE 750

MAROMOA 5-Methy! furfural 794 ppb NONE 750

MAROMOA Furfural alcohol 3358 ppb NONE 750

MAROMOA Benzaldehyde <150 ppb NONE 150

MAROMOA Guasacol 202.90 ppb NONE 750

MAROMOA Benzyl alcohol 604 ppb NONE 150

MAROMOA trans-Oak lactone <75 ppb NONE 750

MAROMOA 4-Methyl gusiacol 644.40 b NONE 750

MAROMOA Maltol <750 ppb NONE 750

MAROMOA cis-Oak lactone 83.30 ppb NONE 750

MAROMOA Eugenol <75 ppb NONE 750

MAROMOA 4-Vinyl guaiacol <75 oeb NONE 750

MAROMOA! Syringol <750 opb NONE 750

MAROMOA iso-Eugencl <75 opb NONE 750

MAROMOA 5-Hydraxymethyl furfural <750 et NONE 750

MAROMOA Vandlin <75 ppb NONE 750

MAROMOA Methy| vanillate <750 ppb NONE 750

MAROMOA Ethyl vanilate <750 ppb NONE 750

MAROMOA Acstovanillone <750 ppb NONE 750

MAROMOA Syringaldehyde <750 opb NONE 750

MALC  Alcohol % wv at 60F 2007 Yowv+0.14 NONE 0.1
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E&) Gallo Winery Date: 0112517 1600

LAB REPORT nCkl SRk Sk i

Lab ID: 0D31089 Steam Stripper 10 pm Section: CANPROJECTS-PT
Col Date'Time: 01/19/17 00:00 Projects in CANOPI for Process Tech Tank:  16-01-17
Submitted Date/Time: 01/23/17 09:38 10rpmD Lot: excel sheet deskiop
Sample Type: DISTILLATE Cummins 16D10-10 GANOPI: 12963
Comments:

Test Code Test Description Resuit Units Recheck Violations MDL Analysis Comments

MAROMOA Volatile aroma compounds - o _TITLE_ NONE

MAROMOA Hexyl acetate <100 ppb NONE 100

MAROMOA Furfural 1972 ppb NONE 500

MAROMOA 5-Methy! furfural e27 b NONE 500

MAROMOA Furfural akcohol 1708 ppb NONE 500

MAROMOA Benzaldehyde 107 opb NONE 100

MAROMOA Guasacol 163.90 b NONE 500

MAROMOA Benzyl alcohol <100 ppb NONE 100

MAROMOA trans-Oak lactone <50 b NONE 500

MAROMOA 4-Methy! guaiacol 421.70 ppb NONE 500

MAROMOA Maltol <500 opb NONE 500

MAROMOA cis-Oak lactone <50 ppb NONE 500

MAROMOA Eugsnol <50 opb NONE 500

MAROMOA 4-Vinyl guaiacol <50 opb NONE 500

MAROMOA Syringol <500 ppb NONE 500

MAROMOA iso-Eugenct <50 ppb NONE 500

MAROMOA 5-Hydraymethyl furfural <500 ppb NONE 500

MAROMOA Vanilin <50 opb NONE 500

MAROMOA Methyl vanillate <500 ppb NONE 500

MAROMOA Ethy! vanilate <500 opb NONE 500

MAROMOA Acstovanillons <500 opb NONE 500

MAROMOA Syringaldehyde <500 ppb NONE 500

MALC  Alcohol % viv at 60F £9.36 Fowv+0.14 NONE 05
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L&) Gal]g Winery Date: 01/25/17 16:09

LAB REPORT e ckiliO s oot

Lab ID: 0D31080 Steam Stripper 6 rpm Section: CANPROJECTS-PT
Col Date/Time: 01/1%17 0000 Projects in CANOPI for Process Tech Tank:  17-01-17
Submitted Date/'Time:  01/23/17 09:38 GrpmD Lot: axcel sheet desktop
Sample Type: DISTILLATE Cummins 17D6 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volatile aroma compounds -0~ _TITLE_ NONE

MAROMOA Hexyl acetate <100 ppb NONE 100

MAROMOA Furfural 2146 ppb NONE 500

MAROMOAI 5-Methyl furfural 722 opb NONE 500

MAROMOA Furfural alcohol 2779 ppb NONE 500

MAROMOA Benzaldehyde <100 opb NONE 100

MAROMOA! Guasacol 234.30 ppb NONE 500

MAROMOA Benzyl alcohol <100 peb NONE 100

MAROMOA trans-Oak lactone <50 pb NONE 500

MAROMOA 4-Methyl gusiacol 530.80 ppb NONE 500

MAROMOA Maltol <500 ppb NONE 500

MAROMOA cis-Oak lactone <50 ppb NONE 500

MAROMOA Eugenol 56.90 ppb NONE 500

MAROMOA! 4-Vinyl guaiacol <50 oeb NONE 500

MAROMOA Syringol <500 oeb NONE 500

MAROMOA iso-Eugendl <50 b NONE 500

MAROMOA! 5-Hydraxymethyl furfural <500 peb NONE 500

MAROMOA Vanilin <50 pb NONE 500

MAROMOA Methy! vaniliate <500 ppb NONE 500

MAROMOA Ethyl vanilate <500 opb NONE 500

MAROMOA Acstovanillone <500 pb NONE 500

MAROMOA Syringaldehyde <500 b NONE 500

MALC  Alcohol % wiv at 60F 41.47 Y% wv+0.14 NONE 0.1
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E&) Gallo Winery Date: (012517 1600
LAB REPORT tocl pichowsiihenio.com

LabiD:  ODB1057 Steam Stripper & rpm Section: CANPROJECTS-PT
Col DaterTime: 01/19'17 00:00 Projects in CANOP! for Process Tech Tank:  17-01-17
Subrmitted DatelTime: 01/23/17 0938 BrpmE Lot excel sheet deskiop
Sample Type: BOTTOMS Cummins 1786-10 CANOPI: 12063
Comments:

TestCode Test Description Resuht Units  Recheck Violaions MDL Analysis Comments

MAROMOAVolale sroma compounds -0 _TITLE_ NONE

MAROMOA Hexyl scetate <30 Feb NONE 30

MAROMOA Furtural <150 opb NONE 150

MAROMOAIS-Methy furfural <150 ot NONE 150

MAROMOA Furfural alcohol 3267 et NONE 150

MAROMOA Benzaldehyde <30 erb NONE 30

MAROMOA Guaiacol 83.10 ot NONE 150

MAROMOA Benzyl alochol a7 et NONE 30

MAROMOA trans-Osk lactone <15 Feb NONE 150

MAROMOA 4-Methy! gusiacol 11150 et NONE 150

MAROMOA Maltol <150 et NONE 150

MAROMOAI cis-Oak lactone <15 et NONE 150

MAROMOA Eugenol <15 ot NONE 150

MAROMOA 4-Vinyl guaiacol <15 ot NONE 150

MAROMOA Syringol <150 et NONE 150

MAROMOAiso-Eugendl <15 £pb NONE 150

MAROMOA'S-Hydrarymethyl furfural <150 oot NONE 150

MAROMOA Vandiin <15 et NONE 150

MAROMOA Methy | vandliate <150 o6 NONE 150

MAROMOA Ethyl varilate <150 ot NONE 150

MAROMOA Acstovanillons <150 ot NONE 150

MAROMOA Syringaldehyde <150 erb NONE 150

MALC  Alochol % viv at 60F 108 %viv+0.14 NONE 005
CONFIDENTIAL TRADE SECRET MATERIAL 4/2/2017

LIMITED ACCESS AND DISTRIBUTION
138 of 189



ENTIAL TRADE SECRET MATERIAL
D) ACCESS AND DISTRIBUTION

E. & J. Gallo Winery

E&J Gallo Winery Date: 012517 1609

LAB REPORT cle:peckaeiagpnlio.con

Lab ID: 0D31070 Cleaned Bottoms Section: CANPROJECTS-PT
Col DatefTime: 01/19/17 00:00 Projects in CANOP for Process Tech Tank:  17-01-17
Submitted Date/Time: 01/23/17 0938 cB1 Lot: excel sheet desktop
Sample Type: CLEANED Cummins 17CB-10 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volatile aroma compounds - o _TIALE_ NONE

MAROMOA Hexyl acetate <30 ppb NONE 30

MAROMOA Furfural <150 opb NONE 150

MAROMOA 5-Methyl furfural <150 opb NONE 150

MAROMOA! Furfural alcohoal <150 ppb NONE 150

MAROMOA Benzaldehyde <30 ppb NONE 30

MAROMOA Guaiacol <15 opb NONE 150

MAROMOCA Benzyl alcohol <30 opb NONE 30

MAROMOA trans-Oak lactone <15 ppb NONE 150

MAROMOA 4-Methyl guaiacol <15 opb NONE 150

MAROMOA Maltol <150 ppb NONE 150

MAROMOA cis-Oak lactone <15 ppb NONE 150

MAROMOA Eugenol <15 ppb NONE 150

MAROMOA! 4-Vinyl guaiacol <15 opb NONE 150

MAROMGCA! Syringol <150 opb NONE 150

MAROMOA iso-Eugendl <15 opb NONE 150

MAROMOA! 5-Hydraxymethyl furfural <150 opb NONE 150

MAROMOA Vandlin <15 opb NONE 150

MAROMOA! Methy! vanillate <150 ppb NONE 150

MAROMOA Ethyl vanilate <150 ppb NONE 150

MAROMOA Acetovanillons <150 opb NONE 150

MAROMOCA Syringaldetyde <150 opb NONE 150

MALC  Alcohol % wiv at 60F 0.14 YHwiv0.14 NONE 0.05
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E&J Gallo Winery Date: 01/2517 16:00
LAB REPORT ol pecloec kel con

LabiD:  ODG1058 Steam Stripper & rpm Section:  CANPROJECTS-PT
Col Date/Time: 01/13/17 00:00 Projects in CANOP! for Process Tech Tenk: 180117
Subrmitted Data/Time: 01/23/17 09:38 BrpmE Lot excel sheat deskiop
Sample Type: BOTTOMS Cummins 1886-10 CANOPI: 12963
Comments:

Test Code Test Description Result Units  Recheck Violations MDL Analysis Comments

MAROMOA Volatile aroma compounds -0 _TITLE_ NONE

MAROMOA Hexyl acetate <30 ppb NONE 30

MAROMOA Furfural <150 Peb NONE 150

MAROMOA 5-Msthy! furfural <150 erb NONE 150

MAROMOA Furfural alcohol 3032 oeb NONE 150

MAROMOA Benzaldshyde <0 prb NONE 30

MAROMOA Gusiacol 3430 epb NONE 150

MAROMOA Benzyl alcohol 103 opb NONE 30

MAROMOA trans-Oak lactone <15 epb NONE 150

MAROMOA 4-Methyl gusiacel 50.00 £eb NONE 150

MAROMOA Maltol <150 erb NONE 150

MAROMOA cis-Oak lactone <15 oeb NONE 150

MAROMOA Eugenl <15 prb NONE 150

MAROMOA 4-Vinyl gusiacol <15 epb NONE 150

MAROMOA Syringol <150 opb NONE 150

MAROMOA iso-Eugencl <15 £eb NONE 150

MAROMOA 5-Hydraymethyl furfural <150 £eb NONE 150

MAROMOA Vandin <15 erb NONE 150

MAROMOA Methy| variliste <150 oeb NONE 150

MAROMOA Ethyl vanitate <150 prb NONE 150

MAROMOA Acstovarillone <150 erb NONE 150

MAROMOA Syringaidehyde <150 oeb NONE 150

MALC  Alcchol % v at 60F 0.25 %viv0.14 NONE 005
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E. & J. Gallo Winery

E&J. Gallo Winery Date: 01/2517 1609
LAB REPORT i i

LabID:  ODBIO7H Cleaned Bottoms Section: CANPROJECTSPT
Col Date/Time: 01/1/17 00:00 Projacts in CANOP for Process Tech Tank: 180117
Submitted Data/Time: 01/23/17 0938 ca2 Lot excel sheet deskiop
Sample Type: CLEANED Cummins 18CB-15 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volatile sroma compounds -0~ TITLE NONE

MAROMOA Hesyyl acetate <30 ppb NONE 30

MAROMOA Furfural <150 ppb NONE 150

MAROMOA 5-Methy! furfural <150 ppb NONE 150

MAROMOA Furfural alcohol 653 ppb NONE 150

MAROMOA Benzakdshyde <30 ppb NONE 30

MAROMOA Guaiacol 17.40 b NONE 150

MAROMOA! Benzyl alcohol 40 b NONE 30

MAROMOA trans-Oak lactone <15 ppb NONE 150

MAROMOA 4-Methyi gusiacol 35.10 ppb NONE 150

MAROMOA Maltol <150 ppb NONE 150

MAROMOA cis-Oak lactone <15 ppb NONE 150

MAROMOA Euganol <15 opb NONE 150

MAROMOA &-Vinyl guaiacal <15 oeb NONE 150

MAROMOA Syringol <150 opb NONE 150

MAROMOA! iso-Eugencl <15 ppb NONE 150

MAROMOA5-Hydraymethyl furfural <150 opb NONE 150

MAROMOA Vaniiin <15 ppb NONE 150

MAROMOA Mathy! vanillate <150 ppb NONE 150

MAROMOA Ethyl vanilate <150 pb NONE 150

MAROMOA Acstovanillone <150 ppb NONE 150

MAROMOA! Syringaidehyde <150 b NONE 150

MALC  Alcohol % wiv at 60F 0.20 Yowvz0.14 NONE 005
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E. & J. Gallo Winery

-3
A 90

E&J Gallo Winery Date: 01/2517 1609
LAB REPORT s amma

LebiD:  OD31081 Steam Strippsr 6 rpm Section: CANPROJECTS-PT
Col Date'Time: 01/1%17 00200 Profects in CANOPI for Process Tech Tank: 18-01-17
Submitted Data/Time: 01/23/17 0938 BrpmD Lot: axcal sheet desktop
Sample Type: DISTILLATE Cummins 18D6-15 GANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volafile aroma compounds - o _TITLE_ NONE

MAROMOA Hexyl acetate <100 opb NONE 100

MAROMOA Furfural 1611 b NONE 500

MAROMOA! 5-Methyi furfural 1018 b NOCNE 500

MAROMOA Furfural alcohol 5476 ppb NONE 500

MAROMOA Benzaldehyde <100 b NONE 100

MAROMOA! Guaiacol 405.60 ppb NONE 500

MAROMOA Benzyl alcohol 22 ppb NONE 100

MAROMOA trans-Oak lactone <50 b NONE 500

MAROMOA 4-Methyl gusiacal 930.70 et NONE 500

MAROMOA! Maltol <500 ppb NONE 500

MAROMOA cis-Oak lactone 112.80 b NCNE 500

MAROMOA Eugenal 93.20 ppb NONE 500

MAROMOA 4-Vinyl guaiacol <50 ppb NONE 500

MAROMOA Syringol <500 opt NONE 500

MAROMOA iso-Eugencl <50 ppb NONE 500

MAROMOA 5-Hydraxymethyl furfural <500 b NONE 500

MAROMOA Vandlin <50 ppb NOCNE 500

MAROMOA Methyl vaniliate <500 ot NONE 500

MAROMOA Ethyl vanilate <500 b NONE 500

MAROMOA Acetovanillons <500 ppb NONE 500

MAROMOA Syringaldehyde <500 opb NONE 500

MALC  Alcohol % v at 60F 2779 Bwiv+0.14 NONE 01
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E&J Gallo Winery Date: 01/2517 1609

LAB REPORT S e com

LabID:  OD31088 Staam Stripper 8 rpm Section: CANPROJECTS-PT
Col Date/Time: 01/19/17 00:00 Projects in CANOPI for Process Tech Tank: 18-01-17
Submitted Data/Time: 01/23/17 0938 BrpmD Lot: axcel sheet desktop
Sample Type: DISTILLATE Cummins 18D8-15 CANOP!: 12063
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volstile aroma compounds -0~ _TITLE_ NONE

MAROMOA Hexyl acetate <100 ppb NONE 100

MAROMOA Furfural 1532 ppb NONE 500

MAROMOA! 5-Methyl furfural 994 ppb NONE 500

MAROMOA Furfural alcohol 3188 ppb NONE 500

MAROMOA Benzaldehyde <100 ppb NONE 100

MAROMOA Guaiacal 331.80 opb NONE 500

MAROMOA Benzyl alcohol <100 opb NONE 100

MAROMOA trans-Oak lactone <50 ppb NONE 500

MAROMOA 4-Methy! gusiacol 839.40 ppb NONE 500

MAROMOA Maltol <500 ppb NONE 500

MAROMOAI cis-Oak lactone 56.40 ppb NONE 500

MAROMOAI Eugenol 87.20 ppb NONE 500

MAROMOA 4-Vinyl guaiacol <50 ppb NONE 500

MAROMOA Syringol <500 opb NONE 500

MAROMOA! iso-Eugencl <50 ppb NONE 500

MAROMOA! 5-Hydracymethyl furfural <500 ppb NONE 500

MAROMOA Vandlin <50 ppb NONE 500

MAROMOA Methyl vanillate <500 opb NONE 500

MAROMOA Ethyl vanilate <500 ppb NONE 500

MAROMOA Acetovanillons <500 ppb NONE 500

MAROMOA Syringaidshyde <500 opb NONE 500

MALC  Alcohol % viv at 60F 53.78 YHwv0.14 NONE 05
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E&J Gallo Winery Date: 01/2517 1609

LAB REPORT Pl g o

Lab ID: 0D31084 Steam Stripper 8 rpm fortified Section: CANPROJECTS-PT
Col Date/Time: 01/19/17 00:00 Projects in CANOPI for Process Tech Tank:  19-01-17
Submitted DateTime: 01/23/17 0938 BrpmBFortified Lot: excal sheet deskiop
Sample Type: BOTTOMS Cummins 1988-10 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volafile aroma compounds -0~ _TITLE NONE

MAROMOA Hexyl acetate <10 ppb NONE 10

MAROMOA Furfural <50 ppb NONE 50

MAROMOA 5-Methy! furfural 68 ppb NONE 50

MAROMOA Furfural alcohol 3760 ppb NONE 50

MAROMOA Benzaldehyde <10 peb NONE 10

MAROMOA Guaiacol 71.50 ppb NONE 500

MAROMOA Benzyl alcchol 107 ppb NONE 10

MAROMOA trans-Oak lactons <5 opb NONE 500

MAROMOA 4-Mathyl guaiacol 131.10 ppb NONE 500

MAROMOA Maltol <50 ppb NONE 50

MAROMOA! cis-Oak lactone 19.10 ppb NONE 500

MAROMOA! Eugenol 12.10 ppb NONE 500

MAROMOA 4-Vinyl guaiacol <5 ppb NONE 500

MAROMOA Syringol <50 opb NONE 50

MAROMOA! iso-Eugencdl <5 ppb NONE 5.00

MAROMOA 5-Hydraxymethyl furfural <50 ppb NONE 50

MAROMOA Vandlin 6.00 ppb NONE 5.00

MAROMOA! Methy! vanillate <50 b NONE 50

MAROMOA Ethyl vanilate <50 peb NONE 50

MAROMOA Acetovanillons <50 ppb NONE 50

MAROMOA Syringaidehyde <50 opb NONE 50

MALC  Alcohol % wv at 60F 1.02 Yowv:0.14 NONE 005
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E&J Gallo Winery Date: 01/2517 1609

LAB REPORT o e

LabID:  0D31087 Steam Stripper 8 rpm Section: CANPROJECTS-PT
Col Date/Time: 01/19/17 00:00 Projects in CANOP! for Process Tech Tank: 19-01-17
Submitted Date'Time:  01/23/17 0938 BrpmDFortified Lot excel sheet desktop
Sample Type: DISTILLATE Cummins 19D8-10 CANOPI: 12963
Comments:

Test Code Test Description Result Units Recheck Violations MDL Analysis Comments

MAROMOA Volatile sroma compounds -0~ _TITLE_ NONE

MAROMOA Hexyl acetate <100 ppb NONE 100

MAROMOA Furfural <500 b NONE 500

MAROMOAI 5-Methyi furfural <500 ppb NONE 500

MAROMOA Furfural alcohol 1560 ppb NONE 500

MAROMOA Benzaldehyde <100 ppb NONE 100

MAROMOAI Guaiacol 169.40 ppb NONE 500

MAROMOA Benzyl alcohol <100 ppb NONE 100

MAROMOA trans-Oak lactone <50 ppb NONE 500

MAROMOA 4-Methyi gusiacol 418.40 ppb NONE 500

MAROMOA Maltol <500 ppb NONE 500

MAROMOA cis-Oak lactone <50 ppb NONE 500

MAROMOA Eugenol <50 ppb NONE 50.0

MAROMOA 4-Vinyl guaiacol <50 ppb NONE 500

MAROMOA Syringol <500 ppb NONE 500

MAROMOA iso-Eugencl <50 b NONE 500

MAROMOA 5-Hydraxymethyl furfural <500 b NONE 500

MAROMOA Vandiin <50 ppb NONE 500

MAROMOA Methyl vaniliate <500 b NONE 500

MAROMOA Ethyl vanilate <500 ppb NONE 50

MAROMOAI Acetovanillone <500 ppb NONE 500

MAROMOA Syringaldehyde <500 ppb NONE 500

MALC  Alcohol % wiv at 60F 68.05 Hwvx0.14 NONE 05
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IV.E Column Chromatography

15T PASS D-EPLETEO TAMMING

SMAROM
qry_LAB o are_LAB s'x:s_“ s'x:_i“ CE-E- smE;—M su;n:m sr\;»:[_m sM;F:M s{':f:’: SMARDM | SMARDN | SMAROM sn»;n:m SMARDN sm;::m SMAROM | $MARDM su;n:m sn;r:m SMAROM {s::::“m& SMARDN
W_xTabs| GrouplD | DSCR | LASDESC | LOT TANK wo | oecope MALC | Wimulti_x Hydrarym ) OAK-Ethyl|  CAK- OHK- ok Onk-ise- | CAk- " OHK- onK-
Methyd | Ving Methyl | Acetovani |Benzaldeh| Benzyl Oak } Furlural X Heexyl Methyl | Syringalde| _ Oak o
oM TabSION [ i thyl wanillate | Evgenel | Furfural Guaissal Eugenol | Mahal » Syringel anillin
‘llalﬁllﬂ cualﬁﬂﬁl furfural furfural lhane ]de aleahal lactane aleakhol acetate wanillate h\lﬂ!‘ lactone
CDZ7BLL AKIFOLLT Projects in Smoak | MF2/Stani Feed ~10 ppm | FEED 731002781 | 4452.3 <150 21345 3136 1842 <300 <300 <150 <1500 4857 34442 5131 88416 <300 <150 7802 <1500 9220 20839<150 27982
©DI10F7  MP19.01.1 Projests  smoak  GKredbes | 18-01-17 | deptann |Sample 1 706 0.082 COILOFT <150 <150 18513 1820 <1500 |<300 <300 <150 <1500 | =L50 28940 4471 23A4E[<300 <150 3118 <1500 260 4EL7 €150 905.6
ODI2834  GK20D120 Projests  Depleted  ReBosk | 1/20/201 Sample2 |Sample 2 7.08 COI2E4 | 1531% <50 19640 3678 1080 <300 <300 2150 <1500 <150 34504 4650 93977 <300 <150 £761 <1500 10525 24409 <150 31723
©0DIT0E0  M.P.24.0.2 Projests | chromate GKRedba | 1/24/201  depleled |Sample 3 5.00 COI7080 | 4B17.6 <500 20509 <5000 <5000 <1000 <1000 <500 <5000 <500 33405 5143 97143 <1000 | <500 <5000 | <5000 10012 25443 <500 31476
©0D40830 | GKO12520 Projects  Depleted  DON2D-  MO:262017  depleled |Sample & 7.00 CO40TI0 | 5210.4 <1000 30015 <10000 |<10000 (<2000 <2000 (<1000 | <l0000 | <1000 32562 210000 86712 22000 <1000 (210000  <l0000  |<10000 22567 21000 2055
©D40880 | GKO12520 Projects | Depleted |DCN22- 2262017 depleted |SampleS 5.8/ COd0%Ee | 57123 <500 25506 <5000 <5000 <1000 <1000 | <500 <5000 <500 34257 5536 100735 «l000 <500 B54E €500 10810 24780 <500 33472
[GET= T
ELUTIONS
SMARDM
W_sTab5 | GrouplD | DSCR | LABDESC | LOT TANE WO | OPCODE | MALC | Wimuli_x Hydranym ) CAE-Ethyl| OAR- | CAK- OAK- OAR-ise | OAK- ) K- Tk
DN Tabsipn | MEth - vind o || bessil] | fea il A i Ty Ok | enillate | Evgenci | Furfursl | T | Gonimenl | MO | pigenci | manat | M| Swringldef oo | 92K | vanin | 2rOMe
guziacel | gasiacel |0 furfural llane yde aleohol | lactone aleohol acetate vanillate [ hyde lactane compoun
ds - oak
COA4B12 | GKD13020 Projects  elulionl  DCNEZ- | 30-1-17 | Celumn | BY1 1751 ©OA4B12 '13144.00 <500 17808 157 S0E <1000 <1000 <500 [<5000 <500 1652 <5000 'lB233.60 <1000 <500 - <5000 176 4435 <500 43720 | TITLE_
COM4E13 | GKO13020| Projects | elutionZ_ | DCH2Z- | 30-1-17 | Column | BY2 Borz  coasers Maresso <soo fhass TBras TEaar <1000 <1000 | <500 <5000 52730 Ms174 (<soo0 Mlessaso <lopa [<soo - <5000 5509 %ears (wson Saavso | e
COI4E1d | GKO13020| Projects | elution3 | DCN2Z- | 30-1-17 | Column | BY3 Be2s  codssle ZEssian <1000 <0000 Maver Missn <zopd <2000 fisizac (<ioooo fSesieo fBesnn <roooo fSozesso <2o00 <ioo0 Mloess (<topoo asze Mlasasy <cwco0 Mirvezao | Tmie
COM4ELS |GKO13020| Projects | elutiond_ | DCN2Z- | 30-1-17 | Column | Bv4 Bgaz  cosssls fFarezoo <1000 <0000 Me9as Mlesst  <gopo <2000 [Sssnac <ioooo Mlozizeo Tasoo <roooo fBesasio <2o00 <ioo0 <ioo00  (<topdo [ises [Mlesass Mlotsoo Mlessoao | mmie
COM4ELE |GKO13020| Projects | elutions_ | DCN2Z- | 30-1-17 | Column | BYS Be3r  coassle Molssr7 (<1000 <0000 M4 Mlaves <aopo <2000 fRazsse <ioooo %savrao aois <roooo fBeiizoo <2000 (<1000 <ioo00  (<topdo [5:930 Mlasesn %eeioo Meesoao | Tmie
COM4ELT | GKD13020 Projests  elulient_ DCN22- | 30-1-17 | Celumn | BVE %189 0ON4E17 !F079220 <1000 | <l0000 | <10000  <10000 <2000 <2000  [FEILS0 | <l0D00 '24917.50 <10000 |<10000 4203440 <2000 <1000 <1000 |<10000 [2%951  [B04i3 ‘238630 'E300.40 | TITLE
COM4ELE | GKD13020 Projests  elulien?_ DCN22- | 30-1-17 | Celumn | D7 %737 OON4E1E /5B4E5.60 <1000 | <l0000 | <10000  <10000 <2000 <2000 1166390 |<l0000 'A214230 <l0000 |<10000 2384420 <2000 <1000  <l0000 |<10000 12526 41308 564900 556520 | TITLE
COM4E1S |GKD13020 Projects  elutiond_ DON2Z-  |30-1-17 | Celumn | BVE BL20 | COM4E1S [27467.50 |<250 <2500 [«2500 <2500 7SS %12 BE12.40 (<2500 300142060 <2500 <3500 7E75.40 (<500 "AC@SD (<2500 [«2s00  [Bam fisozs faes430 fMlmsoco | TTLE
CO44B20 | GKD13020 Prajects | eluliend_ DCN22- | 30-1-17 | Column | B2 Bige  coaasao ME1iS0 <250 <2500 <2500 <2500 (<500 <500 301350 <2500 TIE7ELOO <2500 <2500 920120 <500 [3I7.50 <2500 <2500 <3500 fA106  i6B.00 'S6330 | TITLE.
COM4B2: |GKD13020 Projects | ellienlD DCNZ2Z-  30-1-17 |Celumn | V10 8435 |ooa4ea: /340080 <250 <2500 <2500 <2500 <500 <500 fG7330 <2500 549850 <2500 <2500 'E7570 <500 <250 <2500 <2500 <2500 <2500 25420 <250 | TIILE.
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SECOND |

pass
DEFLETIO
H
snanront | snaarone [ MM gy spon [ smaron | saron swarom |smarom SMAROM SMAROM SMAROM | SMARCM SMARDM
qry_LAB a8 7o Panes | O*5 [Tomxe. | ome | one | one | oares. |MARSM |SMaron |smaran | 0 shsrom (LT | smiaron | stiarom | 7 o |sMaRon | 2R P | smaron
w_xTabs| Dpsck |ampesc | ot | Tamk | we | eecope Wit x Hydrewym ) * loaeerngt| oak- | ok oax- OAkiso- | OAK- - oAx- " onx-
o Tabsipn | Methyd o Vimd T | Methl | Acetovani |Benzaldeh) Benzyl | Oak ) oo | peenl [ Furkural | PR Gisaenl | P | pigenol | Manor | Mot [ Syringaldel o st | 22K | vanillin
) guaiacel | guaiacel furfueal Turfural llane yde aleahol lactone aleskhol acetate wanillate hyde lactane
urfu
OOMI20E_ Projects | Depleted | DENZZ- | 02-30- FEED CO49208 | 31536 <50 17173 2834 1e3: <l00 125 <50 <500 =50 32973 4405 7EA5. <100 <50 3675 <500 8202 20009 <50 25322
snanront | swaaront | PO | synarom | smarom | smiarom |smarom [smarom SMARDIM SMAROM SMAROM | SMAROM SMARDM
R SMFURA, LB ks | ones | O [onks | oak- | oak- | oAk | Ofkecis- |MAROM |SMAROM |SMAROM | T, T (SMAROM | ™o, | SMARONM | SMAROM | ™ 0 onr- | PMAROM | o etrans] SMAROM
WoxTabs| DscR |uasoesc | ot | Tamk | wo | oecope MALC | MVAZ [ wimuli x Hydrosym ) oncEthyi| onk- | one o Ofis | DAK- : o onk-
I L5 Tabsipy | Methd | vind ethyl | Methl |Acetouani|Bentaldeh Benazyl | Oak o pisenal | Furfural | T | Gusinent | MEY | pugencl | maner | Mot |Syringaldel oot | 2K vaniliin
: guaiacel | gusiacol furfural furfural llane yde aleahol lactone sleakhol acetate wanillate hyde lactane
0049208 Projects | Depleted | DENZI- 0201 s1 TITLE £o43108 22 <15 16062 <150 <150 <30 2115 o150 |=i5 20043 4017 21130 15 5670 <150 =150 168 <15 234
snaaront | smiaront | SOM | sy anon | smanon | smarom |smarom |smiarom SMAROM SMAROM SMAROM | SMARDM SMARDM
ary_LAB LA o | oake | 9% "onks | onk | oak | onk | oakes |SVOROM |SMARDR SMARDM | T T SMAROM | T, T SMAROM |SMAROM | o T o SMARDM | o trans| SMAROM
WoxTabs| DscR | Lamoesc | o | Tamk | wo | oecope MVAZ | wimali_x Hydrasym ) onkEthyl| onk- | onk oK OfKiss | CAK- - oK onk-
I Tabsipy | Methd | vind ethyi | Methl |Acetevani|Bentaldeh Benayl | Oak o o penal | Furfural | T | sineal | MM | pugencl | maner | MOt |Syringaldel ot | 2K vaniliin
: guaiacol | guaiacol furfural furfural llane yde alcohol lactone aloahol acetate wvanillate hyde lactane
ODS0I8E  Projects | Second | Ind pass | 0201 52 0.084|COS0I8E <300 | <300 0503 3221 /<30D0 <600 (<600 <300 (<3000 |<300 33467 4707 51584 <600 <300 - <3000 3676 9861 <300 19503
0050389 | Projects  Second | Ind pass | 02-02- 53 0.085| oos038% 747 <300 12206 344/<3000 <600 <600 <300 <3000 <300 318:6 431 I0IE3E <600 <300 - <3000 7785 21710 <300 30555
0050330 | Projects  Secend | Ind pass | 02-02- ] ©O50390 | 1786.3 <500 22869 <6000 |<50D0 <1000 <1000 <500 <5000 <500 31341 <5000 97651 <1000 <500 - <5000 10850 25478 <500 asar
DOS033L  Projects  Second | Znd pass | 02-02- 55 0.085 OD50181 | 26386 <150 17849 3088|1893 <100 <300 <150 <1500 <150 31262 4368 8E163 <300 <150 5451 <1500 8aa1| 22730 =150 27306
0050391 Projects  Second | Znd pass | 02-02- % 0.088 OD50182 | 321EE <150 17664 3:86  188B <100 <300 <i50 <1500 <150 31362 4078|8742 <300 <150 5597 <1500 G264 23478 =150 2756.4
0050391 | Projects |Second | 2nd pass | 02-02- 57 0.083 050183 | 32842 <150 18970 3071 1774 <100 <300 <I50 <1500 | <L5D 3.486 4615 77621 <300 <150 7140 <1500 BB44| 21367 <150 2532
0050394 | Projects | Second | 2nd pass | 02-02- 58 0.085 0050334 3675 <150 18408 3045 1743 <300 <300 <150 <1500 <150 31924 4255 8116 <300 <150 5518 <1500 8485 21881 <150 26223
SECOND
pAss
ELUTION
ary_LAB qry_LAB ’m‘""‘[‘i"' m"‘"“"i'“ ’m‘““[‘;’" m“":;"' = m"“:"‘ ’m”"K“'" o | ot |FAREM [sMARON TSniaRont [T R T smaRon: [ R TSMAROM [ SMARON "m""“:"' SN ETTET SMARDM "'m"‘“:"'
W_xTab5 | LABDESC | LoT TANK wo | oecone | mac | mvaz |wmokix| O " " - " n et - e m 1z - m’:"’ oak-Exhyl| ok one | 'ﬂ OAK- " 'I Oneiso- | oar- | n- : 'Id OAK- o';:'"” OAK- |
] TR el | I g P veceyi | At e s s vanillate | Eugenol | Furtural | PO | Gisiaenl | P | pugenol | anor | MEth | Syringside) oy Vanillin | VoRtile
Elution | | DCK22-
cosTea: u\r" l";"'m op2 2082017 1432 0004/ COSTEAL | 769132 <500 25168 5214 <50D3 <1000 |<10D0 <500 <5000 <500 48527 5524 158414 - <500 10573 <5000 168 467LE <500 55205 TITLE_
Elution | | DCWZ2-
2 i o 2082017 2007 0009 COSTEA | 115067 <500 22315 7133 7017 <1000 <1000 <500 <5000 <500 56700 5271 22551 - <500 12024 <5000 36424 58502 <500 20302 TILE_
£os7Ea1 ;'v":'::]; ncar;zz- 2082017 328(<0005  ODST6A1 | 353436 <500 19439 14963 20273 <1000 <1000 <500 <5000 <500 22305 <5000 535745 - <500 15036 <5000 108517 177741 <530 239232 TITLE_
B
cos7Ea1 E'V"E'::]LL D':;;z]' 2082017 3608 <0005 ODS7644 | 455046 <1000 <10000 15461 20923 <2000 6767 <1000 |<10000 | <1000 60280(<10000 | 61003.2 <2000 | <1000 37056 | <L0090 97481 191013 <1000 2319689 TITLE_
B
cos7Eas Elv“s“:]; D':;f]' 2082017 5126 <0005 ODS7645 | 115020 <1000 <10000 18571 26504 <2000 3772 1007.8 <10000 |<1000 43043 | 10000 103147 <2000 | <1000 16766 <10030 105654 260485 <1000 283133 _TITLE_
B
£OS76E46 E'::';']LL Ec;;zz- 2082017 6L07 <0005 | OOSTEA6 | 999418 <1000  |<l0000 12206 16751 <2000 <2000 10627 | <1000 1526 18082 <10000 | 750833 <2000 <1000 10323 | <10030 56819 179569 <100 179243 | TITLE_
Elution || | DCW22-
cosTEaT | e s 2082017 74.32|<0005 | OOSTE4T | 107322 (<500 | <5000 R 1617|1223 |<1000 2382 5 | <5000 33962 8566 <5000 611117 <500 <5000 <5000 4547 138581 5736 1176LS|_TITLE.
Elution | | DCW22-
L b 2082017 7550 <0005 | COSTEAE | SB925 <500 <5000 <5000 5573 <1000 <1000 1554.2 | <5000 2115 <5000 <5000 265585 - <500 <5000 <5000 22338 53931 <500 58387 TITLE_
Elution | | DCWZ2-
cosTese |t oz 2082017 9011/ <0005 | COS7646 | 205:13 <300 <3000 <3000 <3000 527 <600 12026 <3000 2585.4| <3000 <3000 9697.7 <600 <300 <3000 <3000 7827 23368 3285 18278 TITLE.
T [ —
COS7ESD | oy 10 a 2082017 9488 <0005 | COSTESD | 8130 <500 <5000 <S0D3 <5000 <10D3 <1000 <500 |<5000 905| <5000 <5000 2563 - €500 <8000 (<5000 <5000 380 <500 778 TITLE_
B
asar
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IV.F Dosing

TMAROMO SMAROMO| SMAROMO| TMAROMO
gy LABW | SMAROMO SHIARDM | SMARDMO ROMO SHAROMOD SHARDMD
. 5 5 SMAROMO | SMAROMO SHARDMOAR- SMAROMO . |smaromo SMARDMO
W—";‘::‘;-’T'h LaBDESC [ LOT TANK MVAZ |t Tob S| AR+ Melbyl| Ax-8vigt | M55 (g ey AR AR AR-Bemeyl | AR<isOsk | AR-Edyl [0 i AR Furfiza] " Alexyl | AReisoe |Teotn | AR Metn] AR AKSyringgl| Mmoo
o8 gaincal | gamincol [ ny furfial alchal | lactone | vaniliate Eegenl | [ acemte | Fugenal | = Syrngnl (o octone
Byl furfumal = e de
Batlones
a0ETH00 Hatovep 4f BYE 2142007 0,005 QORT0D =500 <500 <5000 <5000 10082 <1000 <1000 =500 <5000 <500 <5000 <5000 =500 <1000 =500 5005 <5000 15458 4148 2500 116584
Eztion
Candensale
aniTant Hastowegs 406 BVE 2143007 <0.005 0TI 236381 =500 <5000 <5000 <5000 <1000 <1000 S125 <5000 1156 15217 | <5000 212361 <1000 <500 <5000 <5000 <3000 2534 <500 <500
Ezion
Batlones
anETen2 Hatovep £ BVE 2142007 0,005 C0RTINR 454 ST 835 <5000 14705 <1000 <1000 =500 <5000 <500 <5000 <5000 =500 <1000 =500 <5000 <5000 1622 144985 2500 161144
Eztion
Candensale
CDETe03 Hastowegs £F BV 2143007 0008 0ATING 453562 |<1000 <0000 10000 |<10DDD <2000 <2000 13513 < 10000 00477 LS 10000 IERI11 <2000 <1000 <0000 10000 <10000 <10000 10605 <1000
Izion
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