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The relationship between

• Total dissolved solids – STRENGTH

• Yield - EXTRACTION

• The brew formula - DOSE

• “Brew Index”



Ernest Earl Lockhart
1912 – 2006
1938 Ph.D. Biochemistry from M.I.T
1939 Fellowship at the Biochemical Institute in Stockholm Sweden
1939 -1941 United States Antarctic Service Expedition (USASE)

physiologist stationed at the West Base near the Bay of Whales
1941– 1955 M.I.T Food Technology and Nutrition
1955 – 1965 Scientific Director of the Coffee Brewing Institute

I am now a firm believer that one trained 
so completely in theoretical matters as I 
have been in the past should go away 
on an expedition for a year or two.
-- Earl Lockhart, 1 January 1941ca. 1939-1941

Coffee…..



The Coffee Brewing Institute (CBI)
Established 1952 by the Pan-American Coffee Bureau and 
the National Coffee Association

*The purpose of this organization is to encourage, through 
as a beverage.

Coffee Facts, Ukers, 1954

Coffee & Tea Industries, January 1958



Lockhart, November 1957



Brewing Control Chart
NCA: 1.04 – 1.39 :: 17.5 - 21.2

MRI: 1.15 – 1.35 :: 18 – 22

Lockhart, November 1957



The Midwest Research Institute

values were retained… 

Coffee & Tea Industries, June 1959

The addition of the verbiage

-Developed

-Underdeveloped 

-Bitter

-Strong

-Weak



What did the CBI do with the chart?

Road Show!!

Lockhart, November 1957



Coffee Brewing Institute, Pub no.5, January 1956

Survey of Beverage Coffee

• New York, Chicago, Los Angeles

• 24 “mass feeding establishments” in each city

• 100 customers per establishment

• Two Phase project 

Total Participants

2321 Women

2351 Men



CBI Advertising Campaign

The secret to GOOD coffee is here!!

Coffee & Tea Industries, January 1959



CBI Advertising Campaign

Directions on the can!!

Give us $$!!

Coffee & Tea Industries, January 1959
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The verbiage mashup!

- Preference

- Taste
- Development 
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How does flavor and aroma change in 

relation to the Brewing Control Chart?SENSORY 
SCIENCE!!
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Experimental 

Design
Hypothesis

Statistical 

Analysis
Question



Experimental 

Design
Hypothesis

Statistical 

Analysis
Question

Is there a difference?

What is the difference?

What is the sequence of the difference?

What is the size of the difference?

Does the difference exist in multiple dimensions?

Is the difference time dependent?



Experimental 

Design
Hypothesis

Statistical 

Analysis
Question

If the formulation is modified, then…

If these treatments are applied, then ..



Experimental 

Design
Hypothesis

Statistical 

Analysis
Question

How many factors?

Levels per factor?

Number of judges

Experimental conditions

Quantitative sensory methods

Qualitative sensory methods



Experimental 

Design
Hypothesis

Statistical 

Analysis
Question

Univariate Analysis

Analysis of Variance

Multivariate Analysis of Variance

Principal Component Analysis



Question?
How do specific sensory attributes change in respect to 

Hypothesis?
If coffee is brewed at different index positions, then 

Research Objectives



Research Objectives

Dark Roast 
Flat Bottom

Grind 3

Dark Roast
Conical
Grind 3

Light Roast 
Flat Bottom

Grind 3

Light Roast
Conical
Grind 3

Dark Roast
Flat Bottom

Grind 5

Dark Roast
Flat Bottom

Grind 5

Light Roast
Flat Bottom

Grind 5

Light Roast
Flat Bottom

Grind 5

Experimental Design
2 x 2 x 2 factorial design

Coffee:
Dark x Light

Geometry:
Flat Bottom x Conical

Grind:
Two Settings



Coffee
Two roast levels were included

• Dark Roast – Agtron Score: 32.0

• Light(er) Roast – Agtron Score: 48.8



Geometry

Two in one!



Grind

Two Settings
-Setting 3
“Melitta”

-Setting 5
“Perc”



Descriptive Analysis
• Applied methodology to collect quantitative measures of similarity and 

differences in a product set

• Trained judges

• Concise lexicon

• Experimental Design

• Controlled conditions



Attribute generation

• Judges are blind to the product treatments

• Presented the Coffee Lexicon/ Wheel

• Panel leader remains impartial

• All terminology is panel generated

Descriptive Analysis



Vocabulary alignment through reference 
standards

Descriptive Analysis



Aroma Ingredient
Floral/ Chamomile Chamomile tea, dry

Smoke/ Acrid Wright’s Liquid Smoke Mesquite
Flavor
Berry Private Selection Triple Berry Preserves

Dried Fruit Mixture of Sun-Maid  Prunes and Prune Juice
Raisin Sun-Maid Raisins
Citrus Fresh lemon juice

Whiskey Jack Daniel’s Tennessee Whiskey
Dark Green/ Veg equal parts juice green bean : spinach : asparagus

Hay-Like McCormick Parsley Flakes
Musty/Dusty Kretschmer Wheat Germ

Earthy Miracle-Gro Potting Mix soil
Tobacco Camel cigarettes (Turkish and Domestic blend)

Brown Roast C&H Pure Cane Sugar, Golden Brown

Grain/ Malt
Equal parts Rice Chex, Wheaties and Quaker Quick 

Oats
Brown Spice Equal parts cinnamon : nutmeg : clove

Hazlenut Roast hazelnut oil
Almond Raw almond slivers
Molasas Grandma’s Original Molasses, unsulphured, in water

Chocolate Toll House semi-sweet morsels

Cocoa
Hershey’s Cocoa Powder Natural Unsweetened, in 

water
Wood popsicle sticks

Burnt Wood/ Ash wood ash
Rubber rubber bands



• In the booth for data collection

• Each Judge evaluates all coffees in triplicate

Descriptive Analysis



Descriptive Analysis Service
12 judges

3 replications of each coffee

26 taste and aroma attributes were evaluated

Coffee brewed and served in series

TDS, Extraction Percent, and temperature measures



Raw Descriptive Analysis Data



Canonical Variate Analysis (CVA)
Lr = Light Roast

Dr = Dark Roast

Co = Conical

Fb = Flat Bottom

3 = Setting 3

5 = Setting 5

Roast

Geometry 

Grind 





Floral Smoke Berry DriedFruit Raisin Citrus HayLike MustyDusty Earthy Tobacco

Dark Roast 31.2 46.0 16.6 17.0 14.8 15.0 23.6 29.8 35.2 25.0

Light Roast 39.2 32.0 28.9 23.7 20.3 29.2 18.4 19.3 21.8 15.2

Molasas Chocolate Cocoa Wood BurntWoodAsh Rubber Sweet Sour Bitter

Dark Roast 19.4 28.5 24.2 27.6 40.6 26.3 19.5 22.4 53.9

Light Roast 23.0 20.6 19.3 18.7 19.3 15.4 27.8 40.0 27.7

Citrus Tobacco BurntWoodAsh Rubber Sweet Sour Bitter

Basket 19.5 17.0 27.3 19.0 25.3 26.5 34.7

Cone 24.7 23.3 32.6 22.7 22.0 35.9 46.9

Smoke BrownRoast Cocoa BurntWoodAsh Bitter

Grind 3 41.3 33.8 23.6 32.5 45.5

Grind 5 36.8 28.4 19.9 27.4 36.1

Roast

Geometry

Grind

Factor analysis



What about the Brewing 
Control Chart?



9 measures per coffee

72 total measures

TDS measures

Grind showed a small effect 
on TDS for Dark Roast, but a 
Large effect by Light Roast



TDS measures Percent Extraction



How do the measured 

attributes change with 

TDS, PE?

“Brew Index”



Rubber Flavor Sweetness Sourness Bitterness

Earth Flavor Tobacco Flavor Brown Roast Flavor Burnt Wood/ Ash Flavor

Smoke Aroma Dried Fruit Flavor Dark Green Flavor Hay Like Flavor
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Rubber Flavor Sweetness Sourness Bitterness

Earth Flavor Tobacco Flavor Brown Roast Flavor Burnt Wood/ Ash Flavor

Smoke Aroma Dried Fruit Flavor Dark Green Flavor Hay Like Flavor
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Within the “BOX”



Rubber Flavor Sweetness Sourness Bitterness

Earth Flavor Tobacco Flavor Brown Roast Flavor Burnt Wood/ Ash Flavor

Smoke Aroma Dried Fruit Flavor Dark Green Flavor Hay Like Flavor
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Bitterness
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12 Judges

3 tasting replicates

8 coffees

288 values
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Bitterness
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correlation

r=0.40
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Bitterness
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Color by ROAST
RED = Dark Roast
BLUE = Light Roast



Bitterness
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BITTERNESS

Color by ROAST
RED = Dark Roast
BLUE = Light Roast

Significant 
correlation
Dark Roast r = 0.52
Light Roast r = 0.36



Rubber Flavor Sweetness Sourness Bitterness

Earth Flavor Tobacco Flavor Brown Roast Flavor Burnt Wood/ Ash Flavor

Smoke Aroma Dried Fruit Flavor Dark Green Flavor Hay Like Flavor
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Conclusions : Roast

Roast:
Driver of sensory
Each attribute showed a different 
relationship with the Brew Index



Conclusions : Geometry

Geometry:
Significant effect on Brew 
Index and resulting 
sensory

Conical, higher TDS vs Flat 
bottom

Wide distribution with the 
Flat Bottom 

Need for more 
RESEARCH!



What about the Chart…….

?

?
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LDA

Grind Distribution

Setting 3 Setting 4 Setting 5
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TDS of each brewed coffee

TDS measures

• 42 measures per treatment

• Mean TDS measures were 

significantly different

• Smaller grind yielded higher 

TDS

• Flat bottom yielded lower TDS 

than conical
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Color by ROAST
RED = Dark Roast

BLUE = Light Roast

36 measures at each roast



Color by GRIND
Aqua = Dark Roast

Peach = Light Roast

Coarse ground 



Color by Geometry
Orange = Dark Roast

Green = Light Roast





TDS measures

9 measures per coffee

72 total measures

Interaction between the conical geometry, roast, and 

grind



Light Flt Btm Gr3 Light Flt Btm Gr5 Light Con Gr3 Light Con Gr5

Dark Flt Btm Gr3 Dark Flt Btm Gr5 Dark Con Gr3 Dark Con Gr5
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N = 9 per condition  (72 brews total)

Average of hottest 150 seconds per brew

Distribution of brew basket temperatures 
for the hottest 150 seconds

91.5 °C 89.8 °C 94.0 °C 94.2 °C

90.8 °C 89.6 °C 93.0 °C 93.5 °C



CBI Advertising Campaign



Discrimination Testing
• Triangle tests!

• Treatments 2x2 design

• Four total treatments

• Flat Bottom, Conical

• Two grind settings – Mahlkönig Guatemala

• Setting 3 (finer) and Setting 4 (coarse)

(coarse)

• 6 total pairs were compared



Flat Bottom 
Grind 4 

Conic
al 

Grind 
4 

Flat Bottom
Grind 3 

Conical 
Grind 3

Six pairs were compared



Triangle Service

• 45 participants, each tasting all 6 triangles in random order

• All coffees were prepared at 55g coffee/ 1000 g water

• Each coffee was brewed, poured and served upon reaching 70oC



Flat Bottom 
Grind 4 

Conical 
Grind 4 

Flat Bottom
Grind 3 

Conical 
Grind 3

SIG - 25/45

SIG –
23/45

SIG –
33/45

P < 0.001

SIG –
22/45

P=0.048

Results!!

X X

p = 0.004

NS – 18/45
P = 0.292

p = 0.024

NS – 15/45
P = 0.394


