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Table S1. Recipes and descriptions for aroma, taste, and mouthfeel standards used for NAB DA and CATA analysis 

#Unless otherwise stated all aroma, taste, and mouthfeel standards made with O’Doul’s NA Premium Golden NAB. 

Standard Name Standard Type# Recipe 

Citrus AROMA -DA 6.7 g/L Both lemon and orange (Chile) zest, 1.3 g/L grapefruit (USA) zest 
Hop Aroma AROMA -DA 20 mL - 8.5 g/L Whole cone Citra hops dry hopped for 2 hr. then filtered 
Malty AROMA -DA 33.3 g/L Ground Rahr Standard 2-Row (Brewers Supply Group, Inc., Shakopee, MN) 
Overall aroma intensity AROMA -DA  

Worty AROMA -DA 
20 ml - Liquid from malt hot steep - 1lb ground Rahr Standard 2-Row Malt (Brewers Supply Group, Inc., 
Shakopee, MN) in 2 L of 60 degrees water for 1 hr. then filtered 

Apple AROMA -CATA 300 g/L Granny Smith apples (Chile) cut into 1" pieces and crushed 
Banana AROMA -CATA 6.7 ul/mL Imitation banana extract (McCormick, Baltimore, MD) 
Black Tea AROMA -CATA 13.3 g/L Twinings of London Irish Breakfast Black (Twinings North America, Inc., Clifton, NJ) 
Burnt/ Ash/ Roasty AROMA -CATA 33.3 g/L Ground Briess 2-Row Black Malt (Brewers Supply Group, Inc., Shakopee MN) 
Cheerios AROMA -CATA 100 g/L Cheerios (General Mills, Minneapolis, MN) 

Cheesy AROMA -CATA 
6 ul/mL Isohomulone (Isohop® Barth-Haas Group, Paddock Wood, Kent, UK) and  
1 ul/mL of Isovaleric acid (Sigma, St. Louis, MO) in 10 mL of DI water 

Coffee AROMA -CATA 33.3 g/L Ground Joe medium roast 100% Arabica whole bean coffee (Trader Joe's, Monrovia, CA) 
Cola AROMA -CATA 20 ml of Coca-Cola® (The Coca-Cola Company, Atlanta, GA) 
Dried Yeast AROMA -CATA 33.3 g/L Lallemand London ESB active dried yeast (Danstar ferment AG., Fredericia, DK) 
Floral AROMA -CATA 6.7 ul/mL of Sadaf rose water (Soofer Co., Inc., Los Angeles, CA.) 
Grape nuts AROMA -CATA 133.3 g/L Grape nuts (Post Consumer Brands, LLC., Lakeville, MN) 
Grassy AROMA -CATA 13.3 g/L Dried grass 
Herbal AROMA -CATA 4 g/L Freeze dried basil (Litehouse, Sandpoint, ID) 
Honey AROMA -CATA 66.7 g/L Signature Kitchens clover honey (Better living brands LLC, Pleasanton, CA) 
Lemon AROMA -CATA 13.3 g/L Lemon (Chile) zest 
Melon AROMA -CATA 533.3 g/L Cantaloupe (Fordel marketing LLC., Fresno, CA) cut into  1/4" pieces and crushed 
Orange AROMA -CATA 13.3 g/L Cara orange (Chile) zest 
Skunk AROMA -CATA 20 mL - Corona (Grupo Modelo, AB InBev, Mexico) left in direct sunlight for 4 hr (Lightstruck) 
Solvent AROMA -CATA 50 ul Equate® beauty regular nail polish remover (Wal-Mart Stores, Inc., Bentonville, AR) 
Spicy/ Clove AROMA -CATA 1 g/L Ground cloves (McCormick, Baltimore, MD) 
Stale AROMA -CATA 66.7 g/L Soaked corrugated cardboard cut into 1/4" pieces 
Stone fruit AROMA -CATA 333.3 g/L Yellow peach cut (CA, USA) into  1" pieces and crushed 

Tropical AROMA -CATA 
200 g/L Gold pineapple (Del Monte Foods LLC., Walnut Creek, CA) and  
mango (Amanda Panda, Mexico) cut into 1/4" pieces and crushed 

Bitter TASTE -DA 40 mg/L Isohomulone (Isohop® Barth-Haas Group, Paddock Wood, Kent,  UK) 
Salty TASTE -DA 1 g/L Coarse Kosher salt 
Sour TASTE -DA 6 g/L 88% Latic acid (Brewers Supply Group, Inc., Shakopee MN) 
Sweet TASTE -DA 12 g/L Sugar 
Overall flavor Intensity TASTE/MOUTHFEEL -DA  

Lingering TASTE/MOUTHFEEL -DA  

Astringent MOUTHFEEL -DA 
4.5 g/L Alum (McCormick, Baltimore, MD) and  
15 mg/L isohomulone (Isohop® Barth-Haas Group, Paddock Wood, Kent,  UK) 

Cloying MOUTHFEEL -CATA 98.6 g/L Smuckers caramel flavor topping (The J.M. Smucker Co., Orrville, Ohio) 
Fizzy MOUTHFEEL -CATA 1 g/L Sure jell premium fruit pectin in water at ~25psi with CO2 
Flat & Thin MOUTHFEEL -CATA Water 
Thick MOUTHFEEL -CATA 20 g/L Lallemand London ESB active dried yeast (Danstar ferment AG., Fredericia, DK) 

Tingling MOUTHFEEL -CATA 0.3 g Original cherry flavor pop rocks (Pop Rocks® Inc., Atlanta, GA) 
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Table S2.  Descriptive analysis aroma least square means 

Product 
code 

Overall Aroma 
Intensity 

Malty Worty Hop Aroma Citrus 

Seltzer 0.2 s 0.1 s 0.1 q 0.1 m 0.2 p 
L11 5.6 r 4.1 efghijk 2.8 hijklmno 2.5 efghijk 0.7 lmnop 

L15 6.0 qr 3.3 jklmn 3.5 defghij 2.6 defghij 1.0 jklmnop 
L6 6.5 pqr 3.3 ijklmn 3.3 fghijkl 2.7 defghij 1.2 ijklmnop 

L10 6.6 opqr 4.3 efghij 3.3 efghijk 2.7 defghij 0.9 klmnop 
AL1 6.7 nopqr 2.6 mnopq 1.6 pq 3.7 de 2.1 efghi 
L3 6.7 nopqr 4.4 efghij 3.4 efghijk 2.3 efghijk 0.7 lmnop 
L8 7.1 mnop 4.3 efghij 2.6 ijklmnop 2.6 defghij 1.2 ijklmnop 

L4 7.1 mnopq 4.0 fghijk 3.4 efghijk 2.8 defghij 0.6 nop 
W6 7.4 lmnop 4.8 cdefgh 4.2 cdef 2.3 efghijk 0.9 klmnop 

L9 7.7 jklmno 4.8 cdefgh 5.5 ab 2.0 hijk 0.8 klmnop 
W4 7.7 klmno 4.3 efghij 3.0 ghijklm 2.8 defghij 1.0 jklmnop 

L5b 7.8 hijklm 4.3 efghij 4.0 defgh 3.0 defgh 1.2 ijklmno 
P6 7.8 hijklm 3.2 jklmno 1.8 nopq 6.8 bc 1.3 hijklmno 
P4 7.8 ijklmn 3.1 klmnop 2.1 lmnopq 7.4 b 2.5 efg 
L2 7.9 ghijklm 4.5 defghi 4.0 defgh 3.0 defghi 1.3 hijklmno 
L17 7.9 ghijklm 5.0 cdef 3.9 defgh 3.6 def 1.7 ghijkl 
L1 8.0 fghijklm 5.8 abc 5.3 bc 1.6 ijkl 0.8 klmnop 
IPA4 8.1 efghijklm 1.9 pqr 1.6 pq 6.8 bc 2.8 def 
L16 8.1 efghijklm 3.8 ghijkl 2.3 klmnop 5.8 c 1.5 hijklmn 
W2 8.2 efghijklm 5.6 bcd 5.3 bc 1.6 ijklm 1.0 klmnop 

L12 8.3 efghijkl 4.6 defgh 3.6 defghi 3.1 defgh 1.4 hijklmn 
L18 8.3 efghijkl 4.3 efghij 3.9 defgh 3.5 defg 0.8 klmnop 
HW1 8.4 efghijkl 1.2 rs 1.8 mnopq 7.1 bc 3.0 de 
P3 8.5 efghijk 3.3 jklmn 1.7 opq 7.9 ab 2.0 fghij 
L14 8.5 efghijkl 5.3 bcde 4.1 cdefg 3.1 defgh 1.2 hijklmno 
L7 8.7 efghijk 4.9 cdefg 3.4 efghijk 3.2 defgh 1.3 hijklmno 
L13 8.7 efghijk 4.7 cdefgh 6.6 a 2.1 ghijk 0.7 mnop 
W1 8.8 efghij 4.7 defgh 4.7 bcd 1.9 hijk 1.3 hijklmno 
P2 8.9 defgh 2.7 lmnopq 1.0 q 7.8 ab 3.6 cd 
L5c 8.9 defghi 4.1 efghijk 4.3 bcdef 2.2 fghijk 1.8 ghijk 
P1 8.9 defghi 3.3 jklmn 1.5 pq 7.1 bc 1.7 ghijklm 
IPA2 9.0 def 5.1 cdef 1.5 pq 4.0 d 0.9 klmnop 
R2 9.0 defg 2.8 lmnopq 3.3 fghijkl 2.0 hijk 5.8 b 
W3 9.1 de 3.7 hijklm 4.5 bcde 2.6 efghij 1.7 ghijkl 
HW3 9.9 cd 2.1 opqr 1.4 pq 7.8 ab 2.9 def 
IPA3 9.9 cd 4.3 efghij 2.8 hijklmno 6.6 bc 1.4 hijklmno 
W5 9.9 cd 2.2 nopqr 2.4 jklmnop 1.8 hijk 8.9 a 
IPA1 10.3 bc 2.2 nopqr 1.4 pq 9.1 a 4.3 c 
HW2 10.5 abc 1.3 rs 0.9 q 3.5 defg 5.9 b 
R1 10.5 abc 1.7 qr 3.0 ghijklmn 1.6 ijkl 9.4 a 
Soda 10.7 abc 1.1 rs 1.0 q 0.3 lm 2.2 efgh 
Por1 11.1 ab 6.8 a 1.5 pq 1.5 jklm 0.4 op 
S1 11.5 a 6.4 ab 1.8 nopq 1.1 klm 0.9 klmnop 

LSD 1.11 1.20 1.20 1.43 1.00 
The twelve NABs highlighted in blue were used for consumer analysis. 

Letters represent significant groupings based on Fisher’s LSD (Least significant difference) test at p < 0.05. 
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Table S3. Replicated trained panel CATA results for more malty, yeasty, cola, and solvent aroma qualities 

Product 
code 

Cheerios123 
Grape 
nuts123 

Dried 
Yeast123 

Banana123 
Spicy/ 
Clove2 

Honey13 Coffee123 
Burnt/  
Ash/ 

Roasty123 
Stale1 Cola123 Solvent3 

 

AL1 2 5 1 0 1 9 0 0 7 1 6  
HW1 1 1 2 0 2 3 0 0 5 0 6  
HW2 0 0 0 0 0 8 0 0 0 0 0  
HW3 0 2 3 0 0 2 0 0 4 2 3  
IPA1 1 2 2 0 1 6 0 4 1 0 2  
IPA2 1 5 3 0 3 4 14 24 9 1 8  
IPA3 2 10 4 1 1 10 0 7 3 0 6  
IPA4 1 6 2 0 2 5 0 3 7 1 6  

L1 9 19 11 2 2 11 0 0 3 0 1  

L2 13 12 11 5 0 4 0 6 8 0 1  

L3 16 8 13 7 0 12 1 1 4 1 2  
L4 8 9 14 1 0 4 0 1 8 0 1  

L5b 2 10 14 19 1 4 0 0 4 1 0  
L5c 6 9 13 18 0 14 0 0 2 1 7  
L6 9 7 12 3 0 2 0 1 10 0 0  
L7 4 9 10 3 2 14 0 5 5 0 2  
L8 6 9 10 9 1 5 0 1 5 0 0  

L9 9 13 11 5 3 14 0 1 5 1 0  

L10 12 9 11 3 1 5 0 2 7 0 3  

L11 9 12 11 4 0 9 0 2 2 0 5  

L12 1 8 5 7 0 9 0 0 4 0 5  

L13 10 15 14 4 1 13 0 1 4 1 2  
L14 6 10 12 2 4 12 2 2 6 1 3  
L15 5 8 11 7 0 7 0 1 5 0 3  
L16 4 7 7 0 4 6 0 4 2 0 8  
L17 3 14 9 4 2 12 0 1 4 0 7  
L18 11 8 11 2 2 8 0 2 0 0 1  
P1 1 6 3 1 0 3 4 11 5 0 6  
P2 3 2 5 6 1 5 0 1 1 1 3  
P3 1 5 2 2 2 2 0 4 3 1 5  
P4 2 7 1 0 3 8 0 2 0 0 2  
P6 1 7 4 0 4 2 1 2 2 0 3  

Por1 2 3 2 0 4 0 28 33 9 0 5  

R1 0 1 0 0 1 8 0 0 0 5 3  

R2 6 1 3 2 1 10 0 1 0 8 4  

S1 1 3 2 0 7 1 23 32 3 4 3  

W1 8 11 8 23 3 5 0 3 2 0 1  

W2 9 15 16 6 1 12 0 2 3 1 1  
W3 5 5 9 27 1 10 0 0 2 2 2  
W4 6 13 9 2 1 8 1 4 9 0 2  
 W5 2 1 3 0 0 4 0 0 3 7 2  
W6 9 13 14 2 0 13 0 1 6 0 1  

Seltzer 0 0 0 0 0 0 0 0 2 0 1  
Soda 0 0 0 0 1 6 0 0 0 33 0  

The twelve NABs highlighted in blue were used for consumer analysis. 

The superscript numbers indicate for which reps the Cochran's Q test was significant (p < 0.05) for each attribute
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Table S4. Replicated trained panel CATA results for more fruity, hoppy, herbal, and floral aroma qualities 

Product 
code 

Lemon123 Orange123 Tropical123 Apple13 
Stone 

Fruit123 
Melon3 Floral3 

Black 
Tea13 

Grassy123 Herbal123 Cheesy23 Skunk123 

AL1 3 6 8 9 6 6 14 1 13 10 2 2 
HW1 8 9 4 2 4 4 8 7 11 9 10 6 
HW2 16 15 24 6 23 11 13 0 0 4 0 0 
HW3 10 10 7 3 7 3 10 12 18 22 4 6 
IPA1 12 10 10 2 3 5 14 3 13 14 3 6 
IPA2 1 2 2 0 1 0 3 7 8 8 2 6 

IPA3 2 6 2 5 6 2 10 1 15 13 10 8 
IPA4 8 14 9 4 5 2 5 3 12 7 5 5 

L1 5 0 1 6 2 4 8 3 11 9 3 4 
L2 4 1 0 0 1 0 3 2 10 6 9 17 
L3 4 1 2 7 0 0 8 0 9 5 4 11 
L4 2 1 1 0 1 1 7 1 10 5 5 15 

L5b 4 3 4 4 1 5 14 2 8 8 1 9 
L5c 9 2 3 5 1 5 8 0 7 3 2 7 
L6 3 3 4 5 1 1 5 3 11 6 7 13 

L7 3 2 4 4 6 5 10 4 11 5 8 6 
L8 4 3 4 7 4 4 5 0 15 3 4 15 
L9 2 1 1 4 2 5 8 3 6 1 4 10 

L10 2 2 2 3 1 4 11 2 9 9 0 16 
L11 3 2 0 2 2 7 8 1 4 6 0 10 
L12 4 3 5 13 8 3 12 0 9 10 0 9 
L13 1 1 1 3 0 2 3 4 13 8 1 5 
L14 4 4 1 6 0 5 9 6 13 8 1 9 
L15 7 1 2 2 1 3 4 0 9 6 6 14 
L16 3 3 2 3 0 1 11 4 15 14 2 9 
L17 4 5 1 8 4 2 7 4 10 10 3 12 
L18 4 1 0 3 0 1 4 2 9 2 2 22 
P1 7 2 5 2 1 3 7 3 19 12 2 8 
P2 8 12 9 4 10 6 9 2 13 13 3 7 
P3 2 9 7 0 3 4 13 3 18 13 6 8 
P4 12 8 7 1 7 4 11 3 12 13 0 4 
P6 7 1 4 3 3 1 11 2 19 13 3 10 

Por1 1 0 0 0 0 0 0 3 2 7 0 3 
R1 17 23 12 4 4 1 13 0 3 4 2 0 
R2 15 16 4 6 4 1 8 1 4 5 2 2 
S1 3 1 0 0 0 0 3 7 4 2 2 1 

W1 5 3 3 6 1 3 12 0 6 7 2 7 

W2 4 4 1 5 0 1 8 4 8 5 0 5 

W3 2 3 7 6 2 7 9 1 6 5 1 4 

W4 7 0 1 4 1 1 6 1 9 5 10 16 
 W5 20 20 7 5 4 0 6 0 3 3 5 2 
W6 2 1 4 5 2 3 10 1 11 4 0 6 

Seltzer 0 0 0 0 0 0 3 0 0 0 0 0 
Soda 9 10 3 0 0 0 4 1 1 6 0 0 

The twelve NABs highlighted in blue were used for consumer analysis. 

The superscript numbers indicate for which reps the Cochran's Q test was significant (p < 0.05) for each attribute 
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Table S5.  Descriptive analysis taste and mouthfeel least square means 

Product 
code 

Overall 
Taste/Mouthfeel 

Intensity 
Bitter Sweet Sour Salty Lingering 

Astringency/ 
Drying 

Seltzer 2.5 s 1.3 tu 0.2 v 0.5 r 0.6 efg 1.2 s 3.3 efghij 
L15 5.1 r 1.9 rstu 2.1 qrst 2.6 fghijkl 0.7 defg 3.0 qr 2.5 hijkl 
L11 5.3 r 1.9 qrstu 3.7 jklmn 1.2 qr 0.6 efg 2.6 rs 2.6 hijkl 
L6 5.6 qr 3.1 lmnopq 2.5 opqrs 2.5 ghijklmn 0.7 defg 3.3 qr 2.5 hijkl 
AL1 5.7 pqr 3.3 jklmnop 2.4 opqrs 2.7 fghijkl 0.8 defg 3.8 pqr 2.8 hijk 
W4 6.5 opq 2.8 nopqrs 2.2 pqrst 3.6 cde 1.5 ab 3.8 pqr 3.2 fghij 

L5b 6.7 nopq 4.1 ijklm 3.8 ijklmn 1.8 lmnopq 0.8 defg 5.2 jklmnop 2.7 hijkl 
IPA4 6.8 lmno 3.7 ijklmn 1.9 rstu 2.7 fghijkl 0.7 defg 4.6 nop 2.6 hijkl 
L8 6.8 mnop 2.9 mnopqr 3.1 lmnop 2.2 hijklmnop 0.8 defg 3.9 pqr 2.9 hijk 
L10 6.8 mnop 3.9 ijklmn 3.7 jklmn 1.9 lmnopq 0.6 efg 5.1 lmnop 2.8 hijkl 
L16 7.0 klmno 4.8 hi 4.0 ijklm 2.6 ghijklm 0.6 efg 5.0 lmnop 2.8 hijkl 
W6 7.1 jklmno 3.3 jklmnop 4.8 ghi 1.5 nopq 0.5 efg 4.5 op 2.8 hijk 
L5c 7.2 ijklmno 3.3 klmnop 3.8 jklmn 1.8 lmnopq 0.9 cdef 5.0 lmnop 2.8 hijkl 
P6 7.3 ijklmno 6.4 defg 1.9 rstu 3.0 defghi 0.9 cdefg 6.1 ghijklm 5.3 a 

HW2 7.4 hijklmno 2.3 opqrst 3.7 jklmn 3.5 cdef 0.7 defg 4.1 pq 4.3 abcdef 
HW1 7.5 ghijklmno 6.5 defg 1.0 uv 2.0 ijklmnopq 0.8 defg 5.1 lmnop 4.3 abcdef 
W2 7.5 ghijklmno 2.1 pqrst 6.6 cde 1.7 lmnopq 0.4 fg 4.8 mnop 1.9 klm 
L4 7.5 hijklmno 5.0 h 3.7 jklmn 1.7 mnopq 0.9 cdef 6.6 efghij 3.5 cdefghi 
L12 7.5 hijklmno 4.3 ijkl 4.0 ijkl 1.8 lmnopq 0.5 efg 5.8 hijklmno 4.6 abcd 

W3 7.6 fghijklmn 2.3 opqrst 6.0 def 2.0 ijklmnopq 0.6 efg 5.7 ijklmno 2.2 jklm 

L9 7.9 fghijkl 4.5 ijk 5.4 fgh 2.1 ijklmnopq 0.5 fg 6.2 fghijkl 3.2 fghij 
W5 7.9 fghijklm 3.4 jklmno 3.0 mnopq 4.5 abc 2.0 a 5.1 klmnop 3.2 fghij 
L18 8.0 fghijk 5.6 gh 4.2 ijk 2.3 hijklmno 0.6 efg 7.2 defgh 3.1 ghijk 
L13 8 fghijkl 4.0 ijklmn 5.8 defg 1.5 opq 0.5 fg 6.7 efghi 3.7 cdefgh 
HW3 8.1 fghij 4.9 hi 1.3 tu 2.9 efghij 0.7 defg 5.0 lmnop 4.6 abc 
L17 8.1 fghijk 5.9 gh 4.6 hij 2.1 ijklmnopq 0.6 defg 7.4 defg 4.1 bcdefg 
P2 8.1 fghijk 6.0 fgh 2.6 opqrs 2.5 ghijklm 0.7 defg 6.8 efghi 4.6 abcd 
P3 8.2 fghij 7.6 cd 1.7 stu 2.2 hijklmnop 0.8 defg 6.3 fghijkl 4.4 abcde 
L3 8.3 efghi 4.0 ijklm 6.7 cd 1.3 pqr 0.6 defg 6.5 efghijk 2.8 hijk 
L7 8.3 efghi 5.8 gh 2.3 pqrst 3.9 bcd 1.0 cde 7.4 defg 3.4 defghi 
P4 8.3 efghi 7.7 cd 2.9 nopqr 2.1 ijklmnopq 0.7 defg 8.3 cd 4.9 ab 
L2 8.4 efgh 7.2 cdef 2.2 pqrst 2.5 ghijklm 0.8 defg 7.6 cdef 5.0 ab 
L1 8.5 efgh 4.8 hi 5.6 efgh 1.7 mnopq 0.6 efg 7.8 cde 3.6 cdefgh 
W1 8.5 efgh 3.1 lmnopq 7.2 c 1.9 klmnopq 0.5 fg 6.6 efghijk 2.3 ijklm 
P1 8.6 efg 7.5 cde 1.3 tu 2.1 ijklmnopq 0.5 efg 7.2 defgh 4.9 ab 
IPA2 8.7 ef 6.3 efg 1.9 rstu 3.3 defg 0.8 defg 6.7 efghi 3.5 cdefghi 
L14 8.7 efg 4.6 ij 5.8 defg 2.0 jklmnopq 0.9 cdef 7.6 cdef 2.5 hijkl 
S1 9.3 de 4.9 hi 3.3 klmno 4.7 ab 1.3 bc 7.5 def 2.1 jklm 
Por1 10.0 cd 8.1 bc 1.9 rstu 3.4 defg 1.1 bcd 8.9 bc 3.5 cdefghi 
IPA1 10.1 bcd 9.1 b 2.4 opqrs 2.5 ghijklm 0.5 fg 9.8 ab 5.0 ab 
R2 10.2 bcd 1.5 stu 10.3 b 3.1 defgh 0.4 g 6.0 hijklmn 1.6 lm 
R1 10.9 abc 1.1 tu 10.4 b 4.8 a 0.7 defg 6.7 efghi 1.8 klm 
Soda 11.1 ab 0.8 u 12.0 a 2.9 efghij 0.6 efg 7.1 defgh 1.2 m 
IPA3 11.5 a 11.5 a 1.8 stu 2.8 efghijk 1.3 bc 11.0 a 5.1 ab 

LSD 1.13 1.27 1.01 0.95 0.50 1.42 1.21 
The twelve NABs highlighted in blue were used for consumer analysis. 

Letters represent significant groupings based on Fisher’s LSD (Least significant difference) test at p < 0.05.
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Table S6. Replicated trained panel CATA results for mouthfeel qualities  

Graph 

code 
Thin123 Thick123 Flat123 Fizzy1 Cloying123 Tingling123 

AL1 23 4 5 18 1 11 

HW1 20 2 11 15 2 12 

HW2 22 1 3 17 1 18 

HW3 24 0 7 21 0 15 

IPA1 17 3 4 23 3 14 

IPA2 20 5 12 13 6 4 

IPA3 17 4 1 22 3 16 

IPA4 17 8 13 13 1 8 

L1 9 12 8 13 10 8 

L2 14 8 7 20 2 12 

L3 6 18 4 16 12 9 

L4 11 12 6 18 2 11 

L5b 14 9 5 21 5 10 

L5c 11 8 5 21 8 5 

L6 21 5 3 16 2 14 

L7 13 11 7 16 5 8 

L8 16 10 8 16 0 8 

L9 10 12 5 17 5 12 

L10 17 9 5 17 2 7 

L11 24 2 2 18 3 15 

L12 19 3 5 18 3 13 

L13 5 16 1 21 8 11 

L14 8 12 8 15 13 7 

L15 22 4 0 20 1 13 

L16 13 9 3 20 1 12 

L17 10 12 5 17 5 12 

L18 13 13 5 18 8 9 

P1 18 3 1 20 0 15 

P2 23 1 1 22 2 16 

P3 20 3 1 23 0 22 

P4 16 5 8 18 2 6 

P6 24 1 4 19 1 13 

Por1 14 10 7 17 5 7 

R1 9 12 2 23 23 11 

R2 6 16 1 21 19 8 

S1 11 15 8 13 10 7 

W1 5 20 1 18 17 10 

W2 11 16 0 17 11 11 

W3 3 22 0 23 13 9 

W4 19 6 6 19 2 17 

 W5 13 8 5 19 3 14 

W6 10 15 1 19 6 13 

Seltzer 22 0 1 27 1 25 

Soda 6 12 1 23 21 20 
The twelve NABs highlighted in blue were used for consumer analysis. 

The superscript numbers indicate for which reps the Cochran's Q test was significant (p < 0.05) for each attribute
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Table S7. Concentrations (mg/L) of hop acids in the NABs  

Product Code co-humulone n-/ad-humulone 
Total 

humulones 
Iso-

humulones 
Humulinones Roh Tetra Hexa 

AL1 0.27 0.47 0.73 1.6 2.0 0.20 0.20 0.20 
HW1 1.9 3.2 5.1 0.6 2.7 0.20 0.20 0.20 
HW2 0.27 0.47 0.73 0.3 5.0 0.20 0.20 0.20 
HW3 2.5 1.9 4.4 1.3 7.2 0.20 0.20 0.20 
IPA1 2.1 2.0 4.0 28.8 4.1 0.20 0.20 0.20 
IPA2 0.27 0.47 0.73 8.8 0.8 0.20 0.20 0.20 
IPA3 0.9 1.1 2.0 39.3 7.0 0.20 0.20 0.20 
IPA4 0.27 0.47 0.73 2.0 2.8 0.20 0.20 0.20 

L1 0.27 0.47 0.73 22.1 0.20 0.20 0.20 0.20 
L2 0.27 0.47 0.73 25.8 0.20 0.20 0.20 0.20 
L3 0.6 1.1 1.6 19.4 0.20 0.20 0.20 0.20 
L4 0.8 1.2 2.0 21.0 0.20 0.20 0.20 0.20 

L5b 0.27 0.47 0.73 13.6 0.20 0.20 0.20 0.20 
L5c 0.27 0.47 0.73 13.3 0.20 0.20 0.20 0.20 
L6 0.27 0.47 0.73 10.1 0.20 0.20 0.20 0.20 
L7 0.27 0.47 0.73 13.0 1.6 0.20 0.20 4.9 
L8 0.27 0.47 0.73 8.8 0.5 0.20 0.20 0.20 
L9 0.27 0.47 0.73 15.6 0.20 0.20 2.4 0.20 

L10 0.27 0.47 0.73 11.1 0.20 0.20 2.2 0.20 
L11 0.27 0.47 0.73 2.6 0.20 2.8 2.3 0.20 
L12 0.27 0.47 0.73 22.1 0.20 0.20 0.20 0.20 
L13 0.27 0.47 0.73 25.0 0.20 0.20 0.20 0.20 
L14 0.7 0.9 1.7 19.2 0.3 0.20 0.20 0.20 
L15 0.27 0.47 0.73 9.4 0.20 0.20 0.20 0.20 
L16 0.27 0.47 0.73 10.7 5.7 0.20 0.20 0.20 
L17 0.7 0.9 1.6 24.0 3.0 0.20 0.20 0.20 
L18 0.8 1.1 1.9 27.3 0.20 0.20 0.20 0.20 
P1 1.2 1.0 2.2 10.0 7.4 0.20 0.20 0.20 
P2 0.27 0.47 0.73 3.0 2.9 0.20 7.5 0.20 
P3 0.27 0.47 0.73 11.9 4.6 0.20 0.20 0.20 
P4 1.4 1.1 2.5 25.4 1.8 0.20 0.20 0.20 
P6 0.27 0.47 0.73 12.8 1.2 0.20 0.20 0.20 

Por1 0.27 0.47 0.73 3.5 1.1 0.20 0.20 0.20 
R1 0.27 0.47 0.73 3.0 0.20 0.20 0.20 0.20 
R2 0.27 0.47 0.73 9.4 0.20 0.20 0.20 0.20 
S1 0.27 0.47 0.73 3.3 0.20 0.20 0.20 0.20 

W1 0.27 0.47 0.73 10.6 0.20 0.20 0.20 0.20 
W2 0.27 0.47 0.73 7.8 0.20 0.20 0.20 0.20 
W3 0.27 0.47 0.73 7.3 0.20 0.20 0.20 0.20 
W4 0.27 0.47 0.73 6.0 0.20 0.20 0.20 0.20 
W5 0.27 0.47 0.73 6.3 0.7 0.20 0.20 0.20 
W6 0.27 0.47 0.73 11.1 0.20 0.20 0.20 0.20 

Seltzer 0.27 0.47 0.73 0.20 0.20 0.20 0.20 0.20 
Soda 0.27 0.47 0.73 0.20 0.20 0.20 0.20 0.20 

The twelve NABs highlighted in blue were used for consumer analysis. 

The highlighted cells were lower than the limit of quantification. For these cells the value was set to 2/3 of LOQ for data analysis 
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Table S8. Concentrations (µg/L) of select terpenes and esters in the NABs more associated with hoppy and citrusy aromas 

Product 
Code 

α-
pinene 
(α-p) 

ß-
pinene 
(ß-p) 

myrcene 
(Myr) 

2-
methylbutyl 
isobutyrate 

(2-MBI) 

limonene 
(Limo) 

cis-
linalool 
oxide 
(cis-lin 

ox) 

trans-
linalool 
oxide 

(trans-
lin ox) 

linalool 
(Lin) 

α-
terpineol 
(α-terp) 

citronellol 
(Citron) 

nerol 
(Ner) 

geraniol 
(Ger) 

geranyl 
acetate 

(Ger ace) 

caryophyllene 
(Caryo) 

humulene 
(Hum) 

caryophyllene 
oxide 

 (Caryo ox) 

AL1 0.67 0.67 5.44 40.96 1.13 4.29 1.01 17.40 3.70 5.57 0.67 0.67 0.67 0.67 0.67 1.41 
HW1 0.67 0.67 13.42 28.15 4.63 2.34 1.36 94.68 14.72 3.56 9.41 39.78 0.67 1.22 4.48 0.67 
HW2 0.67 0.67 38.52 93.10 15.75 7.28 6.80 383.03 70.22 9.82 40.52 195.51 3.48 0.95 1.09 3.49 
HW3 0.67 0.67 78.77 114.91 26.42 10.64 27.02 428.78 15.35 12.39 57.75 905.77 1.08 0.67 0.67 0.67 
IPA1 0.67 0.67 102.67 110.70 7.92 3.66 3.74 204.70 46.97 54.20 49.84 291.05 7.79 8.32 16.65 0.67 
IPA2 0.67 0.67 35.91 189.78 4.20 1.86 1.50 95.50 37.47 9.21 10.40 69.67 8.01 0.67 1.14 0.67 
IPA3 0.67 0.67 27.08 44.63 11.00 20.39 18.45 493.95 52.93 42.20 43.76 258.62 6.90 1.77 3.42 0.67 
IPA4 0.67 3.30 185.48 146.21 9.51 2.00 2.22 137.82 19.02 20.68 17.70 113.17 9.69 13.31 25.44 0.67 

L1 0.67 0.67 1.49 0.67 0.67 0.67 0.67 2.73 0.67 1.18 0.67 0.67 0.67 0.67 0.67 0.67 
L2 0.67 0.67 1.25 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
L3 0.67 0.67 1.23 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
L4 0.67 0.67 1.25 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 

L5b 0.67 0.67 1.26 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
L5c 0.67 0.67 1.21 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
L6 0.67 0.67 1.34 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 5.90 
L7 0.67 0.67 13.60 0.67 2.24 21.18 23.85 37.51 2.50 2.58 2.63 470.32 4.67 0.67 0.67 0.67 
L8 0.67 0.67 1.29 0.67 0.67 0.67 0.67 1.14 0.67 0.67 0.67 0.67 0.67 0.67 0.67 1.15 
L9 0.67 0.67 1.68 0.67 0.67 0.67 0.67 1.35 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 

L10 0.67 0.67 1.27 0.67 0.67 0.67 0.67 1.41 0.67 1.10 0.67 0.67 0.67 0.67 0.67 0.67 
L11 0.67 0.67 1.62 0.67 0.67 0.67 0.67 4.07 1.34 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
L12 1.00 0.67 2.48 0.67 0.67 1.24 0.67 24.78 9.04 0.67 1.01 0.67 0.67 0.67 0.67 0.67 
L13 0.67 0.67 1.54 0.67 0.67 0.67 0.67 2.69 0.67 1.51 0.67 0.67 0.67 0.67 0.67 0.67 
L14 1.05 0.67 5.71 49.98 2.04 0.67 0.67 39.86 12.63 7.75 9.81 2.31 0.67 0.67 0.67 0.67 
L15 0.67 0.67 1.22 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 3.24 
L16 0.67 0.67 25.74 18.07 6.12 12.42 9.68 156.98 10.22 14.54 7.68 49.90 4.08 0.67 0.67 0.67 
L17 0.67 0.67 11.43 109.35 3.27 4.25 3.41 93.61 36.54 8.18 18.10 107.26 1.50 3.44 7.34 0.67 
L18 0.67 0.67 1.34 0.67 0.67 0.67 0.67 0.96 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
P1 0.67 0.67 201.56 107.01 23.06 4.74 4.21 317.59 24.60 54.53 78.37 592.77 2.17 1.69 3.17 0.67 
P2 0.67 0.67 20.04 11.93 10.86 3.86 2.86 148.74 9.09 3.78 9.46 58.03 2.15 0.67 0.67 0.67 
P3 0.67 0.67 34.92 45.30 7.29 7.69 6.22 267.62 50.73 22.77 20.83 93.92 6.15 0.67 0.67 0.67 
P4 0.67 0.67 121.42 134.44 10.48 2.34 1.87 167.98 33.07 21.29 45.06 106.39 0.67 1.73 3.93 0.67 
P6 0.67 0.67 31.23 28.47 4.59 2.08 1.79 108.14 20.56 29.17 27.85 142.22 0.67 0.67 0.67 0.67 

Por1 0.67 0.67 6.34 15.91 0.67 3.71 2.64 21.97 4.69 2.96 3.47 4.62 0.67 3.44 10.12 0.67 
R1 2.99 0.67 137.28 0.67 2964.64 9.43 19.21 94.70 3048.22 8.13 4.85 0.67 5.83 6.51 1.27 0.67 
R2 0.67 0.67 1.72 0.67 3.39 0.98 0.67 3.84 62.86 1.28 1.19 0.67 0.67 0.67 0.67 0.67 
S1 0.67 0.67 1.36 0.67 0.67 3.20 3.22 2.81 3.49 1.06 1.02 5.82 1.56 1.50 0.67 0.67 
W1 0.67 0.67 3.59 1.01 0.67 0.67 0.67 5.99 3.32 1.62 1.49 0.67 0.67 2.49 7.86 0.67 
W2 0.67 0.67 1.79 0.67 0.67 0.67 0.67 4.63 2.37 1.30 1.37 0.67 0.67 0.67 1.11 0.67 
W3 0.67 0.67 2.08 0.67 0.67 0.67 0.67 2.05 1.16 1.75 1.11 0.67 0.67 0.67 1.59 0.67 
W4 0.67 0.67 1.48 0.67 1.80 0.67 0.67 2.30 3.32 1.17 0.67 1.84 1.73 0.67 0.67 0.67 
W5 85.72 43.85 93.32 0.67 2220.15 4.34 11.35 132.73 1247.79 22.03 55.97 54.51 27.43 15.91 2.10 5.99 
W6 0.67 0.67 2.03 0.67 0.67 0.67 0.67 3.99 1.65 0.67 1.06 0.67 0.67 0.67 0.67 0.67 

Seltzer 0.67 0.67 1.06 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 
Soda 0.67 0.67 34.65 0.67 663.46 10.64 115.52 72.83 7880.27 3.78 17.97 0.67 15.72 15.85 3.34 1.95 

The twelve NABs highlighted in blue were used for consumer analysis. Abbreviations are listed in ( ) and are used were needed throughout the manuscript. 

The highlighted cells were lower than the limit of quantification. For these cells the value was set to 2/3 of LOQ for data analysis.   S9 



Table S9. Concentrations (µg/L) of select esters and aldehydes in the NABs more associated with malty and grainy aromas 

The twelve NABs highlighted in blue were used for consumer analysis. Abbreviations are listed in ( ) and are used were needed throughout the manuscript. 

The highlighted cells were lower than the limit of quantification. For these cells the value was set to 2/3 of LOQ for data analysis.

Product 
Code 

2-
methylpropanal 

(2-MP) 

ethyl 
nicotinate 

(EN) 

2-
methylbutanal 

(2-MB) 

3-
methylbutanal 

(3-MB) 

pentanal 
(Pent) 

hexanal 
(Hex) 

2-
furfural 

(2-F) 

heptanal  
(Hep) 

methional 
(Meth) 

octanal 
(Oct) 

benzaldehyde 
(Benza) 

phenylethanal 
(Pethanal) 

Nonanal 
(Nona) 

trans-2-
nonenal 
(T-2-N) 

Decanal 
(Dec) 

trans,trans-
2,4-

decadienal 
(T-2,4-Dec) 

AL1 7.49 0.42 4.59 7.37 0.19 0.25 35.57 0.17 6.03 0.07 1.57 9.32 0.16 0.02 0.10 0.01 

HW1 54.37 0.36 2.17 7.77 0.59 1.54 31.53 0.46 4.30 0.23 3.28 1.44 0.30 0.08 0.85 0.05 

HW2 1.48 0.17 0.18 0.42 0.13 0.17 1.45 0.16 0.34 0.32 176.79 0.33 0.14 0.01 0.62 0.01 

HW3 60.89 0.17 41.40 31.38 5.02 15.55 7.09 2.82 12.03 0.35 14.91 52.10 3.12 0.09 1.59 0.04 

IPA1 34.22 0.42 7.59 16.12 0.35 0.51 152.83 0.27 9.77 0.08 1.05 16.26 0.10 0.02 0.11 0.01 

IPA2 25.14 0.17 11.05 21.21 0.25 0.68 63.20 0.83 7.43 0.16 2.82 14.41 1.60 0.03 0.51 0.04 

IPA3 84.73 0.60 10.51 18.57 0.29 0.79 486.19 0.39 8.67 0.10 1.82 12.41 0.13 0.09 0.46 0.02 

IPA4 6.29 0.17 1.76 3.83 0.16 0.15 11.02 0.17 3.40 0.04 0.58 3.25 0.17 0.01 0.34 0.01 

L1 40.81 1.12 13.34 28.18 0.81 2.60 322.23 0.22 38.11 0.12 0.83 21.21 0.17 0.15 0.04 0.09 

L2 29.82 4.53 4.96 12.50 0.21 0.47 71.23 0.15 9.05 0.09 0.67 17.90 0.11 0.04 0.07 0.02 

L3 31.69 0.17 8.68 18.22 0.45 1.11 60.57 0.10 28.80 0.07 0.96 24.52 0.10 0.04 0.07 0.02 

L4 14.65 0.17 3.05 9.25 0.17 0.65 45.61 0.15 6.72 0.16 0.67 11.84 0.38 0.02 0.05 0.01 

L5b 23.77 2.89 3.90 39.41 0.36 0.80 103.12 0.20 5.13 0.17 0.47 8.74 0.33 0.02 0.07 0.01 

L5c 22.22 2.06 3.98 23.48 0.24 0.67 128.07 0.11 4.14 0.19 0.58 9.02 0.48 0.03 0.06 0.01 

L6 44.22 3.73 8.39 18.31 0.29 0.51 76.27 0.20 11.80 0.05 0.54 14.90 0.07 0.03 0.07 0.01 

L7 744.40 14.78 23.68 36.03 0.29 0.52 258.82 0.18 22.52 0.14 1.54 34.26 0.19 0.02 0.09 0.01 

L8 247.82 6.33 22.28 41.43 0.35 0.39 152.10 0.21 22.20 0.15 0.66 20.37 0.27 0.03 0.09 0.01 

L9 42.12 0.17 11.86 22.79 0.26 0.44 498.17 0.24 130.63 1.02 13.85 27.46 0.13 0.10 0.07 0.01 

L10 34.66 14.42 14.39 27.55 0.86 1.28 314.89 0.76 29.60 0.07 1.30 14.25 0.13 0.12 0.08 0.03 

L11 18.37 0.17 5.85 11.78 0.14 0.52 209.81 0.21 10.41 0.04 0.53 15.17 0.07 0.07 0.02 0.01 

L12 14.28 0.17 6.32 111.98 0.81 0.62 656.24 0.20 29.15 0.05 1.05 11.19 0.10 0.10 0.09 0.03 

L13 21.48 0.17 8.01 15.95 0.52 1.21 282.68 0.18 21.11 0.05 0.59 19.12 0.07 0.06 0.03 0.04 

L14 32.35 3.54 18.63 47.51 0.60 3.00 249.39 0.58 13.20 0.28 1.02 21.22 0.66 0.13 0.28 0.03 

L15 15.15 0.30 4.12 6.91 0.10 0.18 41.03 0.11 3.91 0.07 0.29 5.56 0.13 0.02 0.05 0.01 

L16 18.02 0.48 7.53 19.70 0.40 0.67 65.09 0.27 27.36 0.22 5.28 23.33 0.53 0.02 0.19 0.01 

L17 61.36 2.71 14.05 34.26 0.55 1.79 431.48 0.53 13.93 0.14 1.52 20.45 0.27 0.08 0.12 0.01 

L18 20.95 1.38 4.65 14.12 0.24 0.75 44.19 0.17 10.78 0.05 1.29 15.19 0.10 0.03 0.02 0.01 

P1 17.84 0.17 4.04 7.53 0.27 0.46 22.67 0.23 9.15 0.26 1.32 6.24 0.64 0.02 0.37 0.01 

P2 27.28 0.17 11.96 60.34 0.11 0.16 9.43 0.25 9.35 0.25 0.68 30.61 0.64 0.01 0.17 0.01 

P3 35.02 0.35 7.19 13.59 0.19 0.52 235.32 0.27 7.57 0.15 1.13 11.11 0.33 0.07 0.20 0.02 

P4 85.63 0.17 10.04 12.07 0.27 0.41 68.92 0.26 8.99 0.14 1.05 8.17 0.20 0.02 0.12 0.01 

P6 18.34 0.44 6.53 12.73 0.27 0.40 236.47 0.13 4.04 0.06 1.04 7.95 0.07 0.05 0.09 0.01 

Por1 41.58 0.56 13.71 21.37 0.46 1.22 55.47 0.27 6.66 0.13 5.23 17.92 0.31 0.04 0.19 0.04 

R1 62.68 0.17 28.89 53.95 0.93 3.54 938.92 0.98 75.07 52.08 3.01 32.75 3.15 0.07 12.14 0.06 

R2 7.63 0.17 2.87 5.77 0.21 0.40 103.72 0.14 1.75 0.47 0.40 4.67 0.49 0.03 0.22 0.01 

S1 59.49 19.72 6.34 14.36 0.16 0.24 4.57 0.18 15.42 0.10 1.00 17.18 0.18 0.01 0.06 0.01 

W1 61.16 2.63 16.96 45.59 0.71 0.68 180.89 0.52 78.29 0.30 1.21 23.72 0.78 0.04 0.13 0.02 

W2 40.71 1.52 23.50 54.05 0.44 1.00 180.01 0.31 21.08 0.32 0.78 22.79 0.83 0.15 0.13 0.03 

W3 25.80 3.56 10.25 28.12 0.30 0.77 145.02 0.34 10.12 0.24 1.23 20.14 0.66 0.04 0.09 0.02 

W4 152.52 5.18 16.24 24.43 0.32 0.52 302.05 0.17 14.89 0.29 2.43 19.16 0.51 0.03 0.15 0.02 

W5 30.73 2.03 4.20 13.20 0.42 2.35 67.06 2.77 9.25 84.25 1.85 11.96 16.58 0.07 33.32 0.28 

W6 33.31 0.54 16.93 40.51 0.18 0.38 59.83 0.25 7.19 0.23 0.30 19.12 0.47 0.09 0.06 0.01 

Seltzer 0.17 0.17 0.09 0.17 0.07 0.08 0.67 0.06 0.09 0.03 0.13 0.33 0.12 0.01 0.02 0.01 

Soda 0.33 0.17 0.15 0.36 0.06 0.43 390.10 1.23 0.09 13.79 17.61 0.33 19.68 0.03 13.52 0.14 
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Table S10. Concentrations dimethyl sulfide (µg/L), esters (mg/L), and alcohols (mg/L) in the NABs  

Product 
Code 

Dimethyl 
sulfide (µg/L) 

(DMS) 

Acetaldehyde 
(Aceta) 

ethyl acetate 
(Ea) 

Propanol 
(Prop) 

Isobutanol 
(Isob) 

isoamyl 
acetate 
(Isoaa) 

2-methyl-
1-butanol 
(2-M-1-B) 

3-methyl-
1-butanol 
(3-M-1-B)  

phenylethyl 
acetate 

(Pea) 

phenyl 
ethanol  

(Pethanol) 

AL1 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
HW1 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
HW2 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
HW3 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
IPA1 72.00 0.83 0.83 1.67 2.77 0.13 1.67 4.91 0.03 1.67 
IPA2 22.00 0.83 0.83 1.67 2.91 0.13 1.67 4.14 0.03 1.67 
IPA3 65.00 0.83 0.83 3.67 1.67 0.13 1.67 1.67 0.03 1.67 
IPA4 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 

L1 45.00 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
L2 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 16.76 
L3 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 5.95 
L4 6.67 0.83 0.83 1.67 1.67 0.13 1.67 3.40 0.03 9.88 

L5b 6.67 1.38 4.24 1.67 1.67 2.86 1.67 34.52 0.91 22.52 
L5c 6.67 1.53 4.53 1.67 1.67 2.76 3.63 32.42 0.81 23.18 
L6 6.67 0.83 1.42 1.67 1.67 0.13 1.67 1.67 0.07 9.32 
L7 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.26 36.88 
L8 6.67 0.83 1.99 1.67 1.67 0.13 1.67 4.33 0.07 24.26 
L9 31.00 0.83 0.83 1.67 1.67 0.13 1.67 2.95 0.61 1.67 

L10 6.67 0.83 1.51 1.67 1.67 0.13 1.67 8.67 0.03 4.56 
L11 19.00 1.72 0.83 1.67 1.67 0.13 1.67 4.63 0.06 3.09 
L12 6.67 0.83 0.83 1.67 1.67 0.59 1.67 2.65 0.39 2.72 
L13 41.00 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
L14 23.00 2.58 0.83 1.67 1.67 0.13 1.67 4.57 0.03 1.67 
L15 6.67 0.83 1.32 1.67 1.67 0.13 1.67 1.67 0.12 14.29 
L16 53.00 1.41 0.83 3.47 1.67 0.13 1.67 7.23 0.03 1.67 
L17 51.00 1.49 0.83 1.67 1.67 0.13 1.67 2.68 0.03 1.67 
L18 6.67 0.83 0.83 1.67 1.67 0.13 1.67 3.05 0.03 8.55 
P1 22.00 0.83 1.55 6.67 4.28 2.99 3.60 13.36 0.03 2.79 
P2 6.67 0.83 0.83 1.67 1.67 0.13 1.67 10.35 0.03 1.67 
P3 30.00 0.83 0.83 2.92 1.67 0.13 1.67 1.67 0.03 1.67 
P4 46.00 2.45 3.80 4.68 9.71 6.88 4.02 13.65 0.03 1.67 
P6 32.00 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 

Por1 6.67 0.83 0.83 1.67 3.47 0.13 1.67 4.89 0.03 1.67 
R1 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 7.52 
R2 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 6.79 
S1 6.67 0.83 0.83 9.74 1.67 0.13 1.67 3.14 0.03 54.27 
W1 28.00 0.83 1.41 1.67 11.30 1.15 4.47 26.51 0.53 12.78 
W2 29.00 1.75 0.83 1.67 1.67 0.13 1.67 4.39 0.03 1.67 
W3 22.00 3.70 5.28 4.72 18.98 1.95 7.36 42.38 0.89 22.14 
W4 6.67 0.83 0.83 1.67 1.67 0.13 1.67 2.52 0.06 39.75 
W5 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.08 32.06 
W6 27.00 1.94 0.83 1.67 1.67 0.13 1.67 5.48 0.03 1.67 

Seltzer 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 
Soda 6.67 0.83 0.83 1.67 1.67 0.13 1.67 1.67 0.03 1.67 

The twelve NABs highlighted in blue were used for consumer analysis. Abbreviations are listed in ( ) and are used were needed throughout the manuscript. 

The highlighted cells were lower than the limit of quantification. For these cells the value was set to 2/3 of LOQ for data analysis
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Figure S1. Principle component analysis biplots of the aroma attributes (DA – light red circles and 

CATA – dark red circles, Table S1) which were statistically different amongst the NABs, Soda, and 

Seltzer (light and dark blue circles, Table 1). The samples in dark blue were just evaluated by the trained 

panel, whereas the twelve samples in light blue were also evaluated by consumer analysis. The A.) biplot 

of PC1 & PC2 explained 44.4% of the variation in the data, while the B.) biplot of PC1 & PC3 displayed 

an additional 12.9% of the variation in the data set. External preference mapping, using the PCA factor 

scores for only the twelve samples evaluated via consumer analysis, was used to generate and project a 

contour plot representing the percentage of satisfied consumers for each product into the biplot of PC1 

and PC2 (using F-ratios to find the best vector model, p < 0.05, contour plot threshold % = 100). The 

region in dark blue represents a low percentage of satisfied consumers, whereas the dark red region 

represents a high percentage of satisfied consumers. 
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Figure S2. Principle component analysis biplots of the taste/mouthfeel attributes (DA – light green circles 

and CATA – dark green circles, Table S1) which were statistically different amongst the NABs, Soda, 

and Seltzer (light and dark blue circles, Table 1). The samples in dark blue were just evaluated by the 

trained panel, whereas the twelve samples in light blue were also evaluated by consumer analysis. The A.) 

biplot of PC1 & PC2 explained 58.7% of the variation in the data, while the B.) biplot of PC1 & PC3 

displayed an additional 16.3% of the variation in the data set. External preference mapping, using the 

PCA factor scores for only the twelve samples evaluated via consumer analysis, was used to generate and 

project a contour plot representing the percentage of satisfied consumers for each product into the biplot 

of PC1 and PC2 (using F-ratios to find the best vector model, p < 0.05, contour plot threshold % = 100). 

The region in light blue represents a low percentage of satisfied consumers, whereas the dark orange 

region represents a high percentage of satisfied consumers. 
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Figure S3. Consumer demographic and survey information for beer consumption and preference for the 129 

consumers A.) gender, B.) age, C.) education level, D.) Household income, E.) number of 12 oz servings 

consumed in a week, F.) preferred beer styles to drink, and G.) interest level towards beer, NAB, and cannabis 

infused NAB. 
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Figure S4. Survey information involving NAB consumption and purchasing opinions for the 129 consumers A.) 

NAB styles interested in trying, B.) main reason for trying NAB, C.) situations willing to try NAB in, D.) lower 

and upper limit willing to spend on a 12 oz 6 pack of NAB, E.) reasons wanted to explain why NAB costs is the 

same price or more expensive to beer with alcohol, and F.) preferred packaging of NAB.  
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Table S11. Yes/ no survey responses regarding consumption and purchasing NAB preferences for the 

129 consumers 

 

 

Q1 - Have you become more conscious about your alcohol 
consumption or wanted to reduce it? 

% selected by 129 consumers 

Yes 48 

No 52 

Q2 - Have you tried NAB before?  

Yes 57 

No 43 

Q3 - Is it socially acceptable to drink NAB?  

Yes 91 

No 9 

Q4 - Should NAB be cheaper than alcoholic beer?  

Yes 73 

No 27 
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Table S12. Least square means and Fischer LSD groupings of the overall, aroma, and taste/mouthfeel liking ratings for both the trained and consumer panels. Each 

of the columns has been sorted from low to high preference based first on the consumer panel and then the trained panel.  

The ratings for the panels were as follows 1- Dislike extremely, 2-Dislike very much, 3- Dislike moderately, 4- Dislike slightly, 5- neither dislike nor like, 6-Like slightly, 7- Like moderately, 8- Like 

very much, and 9- Like extremely. % of satisfied consumers was generated using external preference mapping. 

Sample 

Trained 

Overall 

Liking 

Consumer 

Overall 

Liking 

% of 

satisfied 

consumers 

just 

sensory 

Sample 
Trained 

Aroma Liking 

Consumer 

Aroma 

Liking 

% of 

satisfied 

consumers 

just 

sensory 

% of 

satisfied 

consumers 

volatiles + 

sensory 

Sample 

Trained 

Taste/Mouthfeel 

Liking 

Consumer 

Taste 

/Mouthfeel 

Liking 

% of 

satisfied 

consumers 

just 

sensory 

% of 

satisfied 

consumers 

nonvolatiles 

+ sensory 

IPA3 2.0 j 3.6 f 26% P1 4.1 defghij 4.9 g 45% 53% IPA3 1.4 k 3.3 e 19% 23% 

P1 2.7 ghij 3.7 f 28% W1 6.1 a 5.0 fg 37% 47% P1 3.3 j 3.3 e 30% 26% 

L9 4.5 cdef 5.0 e 55% IPA3 3.0 ij 5.1 fg 48% 51% W4 5.1 abcde 4.9 d 52% 60% 

W1 6.4 a 5.1 e 64% W4 4.7 abcdefgh 5.1 fg 11% 26% W1 6.3 a 4.9 d 71% 67% 

W4 4.8 bcde 5.1 de 21% L9 5.5 abcd 5.1 fg 32% 29% L9 4.3 cdefghi 5.0 d 67% 74% 

L18 5.0 abcd 5.5 cd 34% L18 5.3 abcde 5.4 ef 23% 24% IPA1 3.6 fghi 5.2 cd 20% 25% 

IPA1 4.2 cdefg 5.6 c 39% L6 4.9 abcdefgh 5.6 de 12% 27% L6 4.7 bcdefghi 5.6 bc 71% 73% 

L5c 5.3 abcd 5.6 c 70% L5c 4.7 abcdefgh 5.7 de 47% 47% L16 5.3 abcd 5.6 bc 69% 74% 

L6 4.6 cde 5.8 c 50% L16 5.3 abcd 6.0 cd 40% 33% L18 4.9 abcdefg 5.6 c 54% 36% 

L16 5.2 abcd 5.9 bc 19% R1 4.9 abcdefgh 6.2 bc 69% 74% L5c 5.1 abcde 5.6 c 68% 78% 

R1 4.6 cde 6.3 ab 75% IPA1 5.6 abc 6.6 b 72% 64% HW2 5.2 abcde 6.1 ab 53% 51% 

HW2 5.5 abcd 6.4 a 81% HW2 6.1 ab 7.2 a 84% 81% R1 4.5 cdefghi 6.3 a 71% 74% 

Por1 2.1 j    Seltzer 2.8 j     Por1 1.9 jk     
HW1 2.2 j    HW1 3.0 ij     S1 2.2 jk     
AL1 2.5 ij    S1 3.5 ghij     HW1 2.4 jk     
S1 2.6 hij    Por1 3.5 hij     AL1 2.8 j     

IPA2 2.9 ghij    AL1 3.6 fghij     IPA2 2.8 jk     
P3 3 fghij    IPA2 3.8 efghij     P3 3.1 j     
P6 3.1 fghij    P3 4.0 defghij     P6 3.3 i     
W5 3.7 efghi    P6 4.3 cdefghij     L2 3.4 i     
P4 3.7 efghi    L2 4.4 cdefghi     P4 3.5 ghi     

Seltzer 3.8 efghi    L3 4.5 bcdefghi     HW3 3.5 ghi     
HW3 3.8 efghi    IPA4 4.6 bcdefgh     W5 3.5 hi     

L3 3.9 efgh    R2 4.7 abcdefgh     Seltzer 3.8 efghi     
IPA4 4.0 defgh    L17 4.7 abcdefgh     L7 4.0 defghi     
L2 4.0 defgh    HW3 4.7 abcdefgh     L1 4.1 defghi     
L7 4.1 defg    W5 4.8 abcdefgh     R2 4.1 defghi     

L17 4.2 cdefg    P4 4.8 abcdefgh     L17 4.1 defghi     
R2 4.4 cdef    L8 4.9 abcdefgh     IPA4 4.2 defghi     
P2 4.6 cde    W6 4.9 abcdefgh     L3 4.3 cdefghi     

L11 4.6 cde    L7 4.9 abcdefgh     P2 4.4 cdefghi     
L15 4.7 bcde    L5b 5.0 abcdefgh     L11 4.4 cdefghi     
L5b 4.8 bcd    L11 5.0 abcdefgh     L15 4.5 cdefghi     
W6 4.8 bcd    L13 5.0 abcdefgh     L14 4.6 bcdefghi     
L8 4.8 bcde    L15 5.0 abcdefgh     L8 4.7 bcdefghi     
L1 4.8 bcde    L4 5.1 abcdef     L12 4.7 bcdefghi     
L4 4.8 bcde    W3 5.1 abcdefg     L4 4.9 bcdefgh     

L14 4.8 bcde    L1 5.2 abcde     W3 5.0 abcde     
L12 4.9 abcd    L12 5.3 abcd     L13 5.0 abcdef     
L13 4.9 abcd    P2 5.3 abcde     L5b 5.1 abcde     
W3 5.1 abcd    W2 5.5 abcd     L10 5.1 abcde     
W2 5.7 abc    L14 5.5 abcd     W6 5.2 abcde     
L10 5.7 abc    L10 5.7 abc     W2 5.6 abc     
Soda 6.1 ab    Soda 6.0 ab     Soda 6.0 ab     
LSD 1.45 0.47   1.56 0.48    1.41 0.47   
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Table S13. Pearson correlation matrix of least square means for both the trained and consumer panel 

hedonic data with the aroma attributes and volatiles 

# Based on the consumer preference on only the 12 samples evaluated during consumer analysis 
* Based on the consumer preference on only the 44 samples evaluated during trained panel analysis  
Values in bold are different from 0 with a significance level alpha=0.05 and positive and negative correlations highlighted by 

green and red respectively

Variables 

Consumer 

Overall 

liking# 

Consumer 

Aroma 

liking# 

Consumer  

Taste/mouthfeel 

liking# 

Trained 

Overall 

Liking* 

Trained 

Aroma 

Liking* 

Trained 

Taste/  
mouthfeel 

liking* 

Consumer Overall liking 1.00      
Consumer Aroma liking 0.75 1.00     
Consumer Taste/ mouthfeel liking 0.99 0.66 1.00    
Trained Overall Liking 0.74 0.30 0.75 1.00   
Trained Aroma Liking 0.70 0.47 0.68 0.87 1.00  
Trained Taste/  mouthfeel liking 0.66 0.17 0.68 0.96 0.82 1.00 

Overall Aroma Intensity 0.08 0.56 0.04 -0.10 0.19 -0.17 

Citrus 0.53 0.70 0.50 0.00 0.14 -0.04 

Hop Aroma -0.41 0.14 -0.51 -0.41 -0.16 -0.38 

Worty -0.06 -0.58 0.07 0.47 0.40 0.44 

Malty -0.51 -0.84 -0.42 0.01 0.06 -0.04 

Cheerios 0.02 -0.52 0.12 0.41 0.32 0.39 

Grape nuts -0.51 -0.84 -0.42 0.29 0.24 0.29 

Dried Yeast -0.03 -0.53 0.07 0.49 0.38 0.51 

Banana -0.03 -0.34 0.02 0.45 0.30 0.46 

Spicy/Clove 0.05 -0.22 0.08 -0.27 -0.15 -0.30 

Lemon 0.53 0.74 0.49 0.09 0.25 0.05 

Orange 0.48 0.70 0.44 -0.02 0.12 -0.05 

Tropical 0.49 0.84 0.41 0.06 0.24 0.06 

Stone Fruit 0.29 0.68 0.23 -0.02 0.15 -0.06 

Melon 0.24 0.59 0.19 0.20 0.33 0.17 

Apple 0.20 0.07 0.22 0.26 0.28 0.27 

Floral 0.29 0.61 0.20 0.15 0.30 0.15 

Herbal -0.39 0.03 -0.51 -0.27 -0.05 -0.29 

Black Tea -0.16 -0.13 -0.21 -0.34 -0.20 -0.36 

Grassy -0.66 -0.43 -0.71 -0.29 -0.12 -0.22 

Cheesy -0.47 -0.47 -0.46 -0.35 -0.34 -0.35 

Honey 0.01 -0.02 0.11 0.37 0.37 0.35 

Stale -0.29 -0.50 -0.30 -0.26 -0.27 -0.20 

Solvent -0.34 -0.15 -0.35 -0.48 -0.46 -0.45 

Skunk -0.23 -0.56 -0.16 0.18 0.17 0.19 

Coffee -0.58 -0.39 -0.61 -0.48 -0.41 -0.50 

Burnt/ Ash/ Roasty -0.83 -0.48 -0.89 -0.52 -0.44 -0.55 

Cola 0.35 0.19 0.41 0.22 0.21 0.21 

2-methylpropanal -0.28 -0.44 -0.25 -0.04 0.00 -0.04 

ethyl nicotinate 0.04 -0.36 0.06 0.02 -0.01 -0.05 

2-methylbutanal 0.10 -0.19 0.15 0.11 0.17 0.07 

3-methylbutanal 0.18 -0.21 0.24 0.30 0.31 0.28 

pentanal 0.22 -0.03 0.23 -0.01 0.05 -0.05 

hexanal 0.28 0.13 0.33 -0.05 0.02 -0.09 

2-furfural 0.00 -0.09 0.07 0.19 0.20 0.13 

heptanal 0.15 0.06 0.17 -0.02 0.08 -0.07 

methional 0.04 -0.27 0.11 0.26 0.33 0.23 

octanal 0.35 0.23 0.39 -0.01 0.06 -0.02 

benzaldehyde 0.39 0.67 0.33 0.19 0.28 0.15 

phenyl ethanal 0.19 -0.22 0.25 0.13 0.22 0.08 

nonanal 0.28 0.11 0.31 0.15 0.20 0.14 

trans-2-nonenal -0.39 -0.41 -0.30 0.12 0.16 0.04 

decanal 0.34 0.25 0.37 0.02 0.09 0.01 

trans,trans-2,4-decadienal 0.13 0.02 0.19 0.01 0.08 -0.03 

dimethyl sulfide -0.37 0.03 -0.44 -0.08 0.06 -0.14 

acetaldehyde 0.23 0.11 0.24 0.22 0.19 0.23 

ethyl acetate 0.01 -0.10 0.06 0.20 0.10 0.21 

propanol -0.69 -0.35 -0.74 -0.35 -0.30 -0.35 

isobutanol -0.21 -0.33 -0.23 0.14 0.14 0.14 

isoamyl acetate -0.38 -0.32 -0.37 0.00 0.03 0.03 

2-methyl-1-butanol -0.30 -0.40 -0.29 0.17 0.12 0.19 

3-methyl-1-butanol -0.10 -0.25 -0.08 0.30 0.20 0.32 

phenylethyl acetate -0.01 -0.28 0.07 0.31 0.22 0.33 

phenyl ethanol 0.05 -0.30 0.10 0.02 -0.06 0.01 
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Table S13 (continued). Pearson correlation matrix of least square means for both the trained and 

consumer panel hedonic data with the aroma attributes and volatiles 

# Based on the consumer preference on only the 12 samples evaluated during consumer analysis 
* Based on the consumer preference on only the 44 samples evaluated during trained panel analysis 

Values in bold are different from 0 with a significance level alpha=0.05 and positive and negative correlations highlighted by 

green and red respectively

Variables 

Consumer 

Overall 

liking# 

Consumer 

Aroma 

liking# 

Consumer  

Taste/   
mouthfeel 

liking # 

Trained 

Overall 

Liking* 

Trained 

Aroma 

Liking* 

Trained 

Taste/  
mouthfeel 

liking* 

α-pinene 0.35 0.24 0.39 -0.08 0.01 -0.10 

ß-pinene    -0.08 0.01 -0.10 

myrcene -0.22 0.13 -0.28 -0.25 -0.04 -0.20 

2-methylbutylisobutyrate -0.22 0.41 -0.34 -0.35 -0.15 -0.35 

limonene 0.35 0.24 0.39 0.03 0.07 0.02 

cis-linalool oxide -0.26 0.15 -0.31 -0.24 -0.14 -0.28 

trans-linalool oxide -0.06 0.24 -0.09 0.17 0.19 0.15 

linalool -0.40 0.26 -0.49 -0.36 -0.15 -0.39 

α-terpineol 0.35 0.25 0.39 0.25 0.24 0.24 

citronellol -0.55 0.05 -0.64 -0.43 -0.18 -0.43 

nerol -0.50 0.14 -0.60 -0.34 -0.08 -0.35 

geraniol -0.58 0.00 -0.67 -0.29 -0.09 -0.29 

geranyl acetate -0.03 0.47 -0.11 -0.08 0.05 -0.10 

caryophyllene 0.18 0.41 0.13 0.04 0.15 0.03 

humulene -0.09 0.21 -0.17 -0.13 -0.01 -0.13 

Caryophyllene oxide 0.36 0.31 0.31 0.08 0.15 0.08 
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Table S14. Pearson correlation matrix of least square means for both the trained and consumer panel 

hedonic data with the taste and mouthfeel attributes and nonvolatiles 

 

Variables 

Consumer 

Overall 

liking# 

Consumer 

Aroma 

liking# 

Consumer 

Taste/ 

mouthfeel 

liking# 

Trained 

Overall 

Liking* 

Trained 

Aroma 

Liking* 

Trained 

Taste/ 

mouthfeel 

liking* 

Consumer overall liking# 1.00           

Consumer Aroma liking# 0.75 1.00     
Consumer Taste Liking# 0.99 0.66 1.00    
Trained Overall Liking 0.74 0.30 0.75 1.00   
Trained Aroma Liking 0.70 0.47 0.68 0.87 1.00  
Trained Taste Liking 0.66 0.17 0.68 0.96 0.82 1.00 

Overall Taste -0.34 0.04 -0.34 -0.15 0.08 -0.24 

Astringency/ Drying -0.56 0.09 -0.64 -0.47 -0.27 -0.50 

Sour 0.39 0.44 0.37 -0.27 -0.08 -0.31 

Salty -0.26 -0.20 -0.25 -0.40 -0.36 -0.41 

Lingering -0.54 -0.13 -0.54 -0.28 -0.02 -0.38 

Bitter -0.71 -0.23 -0.74 -0.62 -0.38 -0.66 

Sweet 0.48 0.14 0.55 0.57 0.53 0.54 

Thin -0.06 0.30 -0.15 -0.39 -0.33 -0.38 

Thick 0.12 -0.39 0.22 0.41 0.33 0.41 

Flat 0.35 0.08 0.41 -0.33 -0.23 -0.35 

Fizzy -0.15 0.16 -0.17 0.11 -0.03 0.11 

Cloying 0.29 -0.03 0.37 0.38 0.30 0.34 

Tingling -0.21 0.17 -0.32 -0.02 -0.10 0.02 

Original Gravity  0.37 -0.13 0.44 0.53 0.49 0.49 

density  0.39 -0.11 0.47 0.54 0.48 0.50 

Er 0.39 -0.11 0.46 0.54 0.49 0.50 

ABW -0.25 -0.09 -0.31 -0.11 -0.01 -0.12 

pH -0.40 -0.51 -0.39 -0.30 -0.42 -0.24 

TA  0.43 0.17 0.45 0.19 0.22 0.15 

BU -0.63 -0.17 -0.66 -0.37 -0.16 -0.44 

Iso-humulones -0.51 -0.25 -0.49 -0.01 0.08 -0.09 

Humulinones -0.45 0.15 -0.56 -0.39 -0.21 -0.38 

Total humulones -0.33 0.12 -0.38 -0.33 -0.19 -0.34 

co-humulone -0.34 0.12 -0.40 -0.30 -0.13 -0.32 

n-/ad-humulone -0.29 0.14 -0.34 -0.34 -0.24 -0.33 

Roh    0.05 0.05 0.03 

Tetra -0.11 -0.24 -0.04 0.12 0.19 0.08 

Hexa    -0.02 0.03 -0.03 

CO2  -0.04 -0.04 -0.08 0.25 0.01 0.29 

Color  -0.31 -0.28 -0.36 -0.39 -0.32 -0.43 

Turbidity  0.13 0.12 0.13 -0.21 -0.17 -0.19 
# Based on the consumer preference on only the 12 samples evaluated during consumer analysis 
* Based on the consumer preference on only the 44 samples evaluated during trained panel analysis  
Values in bold are different from 0 with a significance level alpha=0.05 and positive and negative correlations highlighted by 

green and red respectively
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Table S15. Pearson correlation matrix of aroma attributes, volatiles, and select nonvolatile factors 

Values in bold are different from 0 with a significance level alpha=0.05 and positive and negative correlations highlighted by green and red respectively

Variables O.A.I. Cit. H.A. Wort. Malt. Che. 
G. 

n. 

D.

Y. 
Ban. 

S./ 

C. 
L. O. Tr. 

S. 

F. 
Mel. A. Fl. He. BT G. 

Chee

s. 
Hon. Stale Sol. Sk. Co. 

B/ A/ 

R 
Cola 

Overall Aroma 

Intensity 
1.0                            

Citrus 0.4 1.0                           

Hop Aroma 0.2 0.1 1.0                          

Worty 0.0 -0.3 -0.4 1.0                         

Malty 0.2 -0.6 -0.3 0.6 1.0                        

Cheerios -0.3 -0.4 -0.4 0.7 0.5 1.0                       

Grape nuts -0.2 -0.6 -0.2 0.8 0.7 0.6 1.0                      

Dried Yeast -0.3 -0.5 -0.4 0.8 0.6 0.8 0.8 1.0                     

Banana 0.0 -0.2 -0.2 0.5 0.2 0.3 0.3 0.4 1.0                    

Spicy/Clove 0.3 -0.2 0.1 -0.1 0.4 -0.2 0.0 -0.2 -0.1 1.0                   

Lemon 0.4 0.9 0.2 -0.3 -0.5 -0.4 -0.5 -0.4 -0.2 -0.2 1.0                  

Orange 0.4 0.9 0.2 -0.4 -0.6 -0.5 -0.6 -0.6 -0.2 -0.2 0.8 1.0                 

Tropical 0.3 0.7 0.4 -0.4 -0.6 -0.5 -0.5 -0.5 -0.1 -0.2 0.6 0.7 1.0                

Stone Fruit 0.2 0.5 0.3 -0.3 -0.4 -0.4 -0.3 -0.4 -0.2 -0.2 0.5 0.5 0.8 1.0               

Melon 0.0 0.1 0.2 0.0 -0.1 -0.1 0.0 0.0 0.3 -0.2 0.1 0.1 0.6 0.6 1.0              

Apple 0.0 0.1 -0.1 0.4 0.1 0.1 0.3 0.2 0.3 -0.2 0.1 0.1 0.2 0.3 0.3 1.0             

Floral 0.1 0.3 0.4 0.0 -0.2 -0.2 0.0 -0.1 0.2 -0.1 0.3 0.3 0.5 0.4 0.6 0.4 1.0            

Herbal 0.2 0.0 0.8 -0.3 -0.1 -0.3 -0.1 -0.3 -0.2 0.1 0.1 0.1 0.2 0.2 0.1 0.0 0.4 1.0           

Black Tea 0.3 -0.1 0.4 -0.1 0.2 -0.2 0.0 -0.1 -0.3 0.4 -0.1 -0.1 -0.1 -0.1 -0.1 -0.3 -0.1 0.5 1.0          

Grassy 0.0 -0.2 0.7 0.0 0.1 0.0 0.3 0.1 -0.1 0.1 -0.2 -0.2 0.0 0.0 0.1 0.1 0.3 0.7 0.4 1.0         

Cheesy 0.0 0.0 0.3 0.0 -0.1 0.1 0.1 0.0 -0.1 -0.1 0.0 0.0 -0.1 0.0 -0.2 -0.1 -0.1 0.1 0.1 0.3 1.0        

Honey 0.0 -0.1 -0.2 0.7 0.3 0.4 0.5 0.5 0.2 -0.2 0.0 -0.1 0.0 0.1 0.3 0.5 0.2 -0.2 -0.2 0.0 -0.1 1.0       

Stale -0.2 -0.4 -0.1 0.1 0.4 0.2 0.3 0.3 -0.1 0.0 -0.5 -0.4 -0.3 -0.3 -0.2 -0.1 -0.4 0.0 0.2 0.2 0.4 -0.2 1.0      

Solvent 0.1 0.0 0.4 -0.3 0.0 -0.3 -0.1 -0.3 -0.2 0.2 -0.1 0.1 -0.1 0.0 -0.1 0.0 0.0 0.4 0.2 0.3 0.1 0.0 0.1 1.0     

Skunk -0.3 -0.5 0.1 0.3 0.3 0.6 0.5 0.6 0.1 -0.1 -0.4 -0.5 -0.4 -0.3 -0.1 0.0 -0.1 0.0 -0.1 0.4 0.4 0.0 0.4 -0.1 1.0    

Coffee 0.4 -0.2 -0.2 -0.3 0.5 -0.2 -0.2 -0.3 -0.2 0.6 -0.2 -0.2 -0.2 -0.2 -0.3 -0.4 -0.5 -0.1 0.3 -0.3 -0.2 -0.4 0.3 0.2 -0.2 1.0   

Burnt/ Ash/ Roasty 0.4 -0.2 -0.1 -0.3 0.5 -0.2 -0.2 -0.3 -0.2 0.6 -0.3 -0.2 -0.3 -0.2 -0.3 -0.4 -0.5 0.0 0.3 -0.1 -0.1 -0.4 0.3 0.3 -0.2 1.0 1.0  

Cola 0.3 0.3 -0.3 -0.2 -0.3 -0.2 -0.4 -0.3 -0.1 0.0 0.3 0.3 0.0 -0.1 -0.3 -0.2 -0.2 -0.1 -0.1 -0.4 -0.2 0.0 -0.3 -0.2 -0.4 0.0 -0.1 1.0 

Er 0.2 0.0 -0.5 0.5 0.3 0.5 0.3 0.4 0.3 0.2 0.0 0.0 -0.3 -0.4 -0.2 0.0 -0.1 -0.4 -0.2 -0.3 -0.2 0.4 -0.2 -0.4 0.0 -0.1 -0.1 0.4 

pH -0.5 -0.3 0.2 0.0 0.0 0.1 0.1 0.2 0.0 0.0 -0.3 -0.3 -0.3 -0.2 0.0 -0.1 -0.2 0.1 0.3 0.3 0.2 -0.2 0.2 0.1 0.2 0.0 0.0 -0.6 

BU 0.3 -0.1 0.6 0.1 0.2 0.0 0.2 0.0 -0.2 0.2 -0.1 -0.1 -0.1 0.0 0.0 -0.1 0.2 0.5 0.3 0.5 0.3 0.2 0.0 0.3 0.2 0.0 0.1 -0.3 

Iso-humulones 0.0 -0.3 0.2 0.5 0.4 0.4 0.5 0.4 0.0 0.0 -0.2 -0.3 -0.3 -0.1 -0.1 0.1 0.1 0.2 -0.1 0.4 0.2 0.4 0.0 0.0 0.4 -0.2 -0.1 -0.3 

Humulinones 0.3 0.2 0.8 -0.5 -0.3 -0.5 -0.3 -0.4 -0.3 0.0 0.2 0.3 0.4 0.4 0.2 -0.1 0.3 0.7 0.4 0.5 0.2 -0.2 -0.1 0.4 -0.1 -0.1 0.0 -0.1 

CO2 -0.2 -0.1 -0.3 -0.2 -0.4 -0.2 -0.2 -0.1 0.2 -0.1 -0.1 0.0 0.0 0.0 0.0 -0.1 0.0 -0.2 -0.2 -0.3 -0.2 -0.1 -0.3 -0.4 -0.3 -0.2 -0.2 0.4 

Color 0.5 -0.2 -0.2 -0.3 0.4 -0.3 -0.2 -0.3 -0.2 0.7 -0.2 -0.2 -0.2 -0.2 -0.3 -0.4 -0.4 -0.1 0.3 -0.3 -0.1 -0.3 0.2 0.2 -0.3 0.9 0.9 0.2 

Turbidity 0.3 0.1 0.1 -0.2 0.0 -0.3 -0.2 -0.3 0.0 0.3 0.0 0.2 0.2 0.0 -0.1 -0.1 -0.2 0.0 0.1 -0.1 0.0 -0.2 0.2 0.3 -0.3 0.4 0.3 0.0 

2-methylpropanal 0.1 -0.1 0.0 0.1 0.2 0.0 0.1 0.1 0.0 0.1 -0.1 -0.1 0.0 0.1 0.1 0.1 0.1 -0.1 0.1 0.1 0.4 0.2 0.1 -0.1 0.1 0.0 0.0 -0.1 

ethyl nicotinate 0.1 -0.2 -0.2 0.1 0.4 0.1 0.1 0.2 0.1 0.4 -0.2 -0.2 -0.2 -0.1 0.0 -0.1 -0.1 -0.2 0.2 -0.1 0.1 -0.1 0.2 -0.1 0.1 0.3 0.4 0.0 

2-methylbutanal 0.2 0.0 0.0 0.2 0.3 0.1 0.2 0.2 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.2 0.2 0.3 0.4 0.2 0.0 0.2 0.1 -0.1 0.0 0.0 0.0 -0.2 

3-methylbutanal 0.1 0.0 -0.1 0.3 0.4 0.0 0.3 0.3 0.3 0.0 -0.1 0.0 0.0 0.1 0.1 0.6 0.3 0.1 0.0 0.1 -0.2 0.3 0.0 0.0 0.1 -0.1 -0.1 -0.2 

pentanal 0.2 0.1 0.2 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.5 0.6 0.3 0.0 -0.1 0.0 0.0 0.0 -0.1 -0.1 0.0 

hexanal 0.2 0.2 0.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.2 0.2 0.1 0.1 0.0 0.0 0.1 0.5 0.6 0.2 0.0 -0.1 0.0 0.0 -0.1 0.0 -0.1 0.0 

2-furfural 0.2 0.2 -0.2 0.3 0.1 0.0 0.2 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.3 0.3 0.0 -0.2 -0.1 0.0 0.4 -0.2 0.0 0.0 -0.2 -0.2 0.2 

heptanal 0.3 0.5 0.1 -0.2 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1 0.5 0.5 0.2 0.1 -0.2 0.0 0.0 0.3 0.4 0.0 0.0 -0.2 -0.1 0.0 -0.2 0.0 -0.1 0.4 

methional 0.1 0.0 -0.2 0.5 0.2 0.3 0.3 0.2 0.2 0.2 -0.1 0.0 -0.1 -0.1 0.0 0.2 0.2 -0.2 -0.1 -0.1 0.0 0.3 -0.1 -0.2 0.0 -0.1 -0.1 -0.1 

octanal 0.3 0.8 -0.2 -0.1 -0.3 -0.2 -0.3 -0.3 -0.1 -0.2 0.6 0.6 0.2 0.0 -0.2 0.0 0.0 -0.2 -0.2 -0.3 0.0 -0.1 -0.2 -0.1 -0.3 -0.1 -0.1 0.3 

benzaldehyde 0.2 0.3 0.0 -0.2 -0.3 -0.2 -0.3 -0.3 -0.1 -0.1 0.4 0.3 0.7 0.8 0.5 0.1 0.2 -0.1 -0.1 -0.3 -0.2 0.0 -0.2 -0.2 -0.3 0.0 -0.1 0.0 

phenyl ethanal 0.2 0.0 0.0 0.3 0.3 0.2 0.2 0.3 0.1 0.1 -0.1 0.0 -0.1 -0.1 0.0 0.1 0.1 0.3 0.4 0.2 0.1 0.2 0.1 -0.1 0.1 0.0 0.0 -0.2 

nonanal 0.3 0.4 -0.2 -0.2 -0.4 -0.2 -0.4 -0.3 -0.1 -0.1 0.4 0.4 0.1 -0.1 -0.3 -0.1 -0.2 -0.1 -0.1 -0.3 -0.1 -0.1 -0.2 -0.2 -0.3 -0.1 -0.1 0.8 

trans-2-nonenal 0.0 -0.1 -0.1 0.5 0.3 0.3 0.5 0.3 -0.1 0.0 -0.1 -0.1 -0.3 -0.1 0.0 0.3 0.2 0.1 0.2 0.1 -0.1 0.4 0.1 0.0 0.0 -0.2 -0.2 -0.1 

decanal 0.3 0.7 -0.2 -0.1 -0.3 -0.2 -0.4 -0.3 -0.2 -0.2 0.6 0.6 0.2 0.0 -0.3 0.0 -0.1 -0.2 -0.2 -0.3 0.0 -0.1 -0.2 -0.1 -0.3 -0.1 -0.1 0.5 

trans ,trans-2,4-

decadienal 
0.3 0.5 -0.2 0.0 -0.2 -0.1 -0.2 -0.2 -0.2 -0.1 0.5 0.4 0.0 -0.1 -0.3 0.0 -0.1 -0.1 -0.1 -0.3 0.0 -0.1 -0.1 -0.1 -0.3 0.0 -0.1 0.5 

dimethyl sulfide 0.1 -0.1 0.4 0.2 0.2 0.0 0.3 0.0 -0.1 0.2 -0.1 -0.1 -0.1 -0.1 0.1 0.0 0.3 0.4 0.1 0.4 0.0 0.3 -0.2 0.2 0.0 -0.1 0.0 -0.2 

acetaldehyde 0.0 -0.1 0.0 0.3 0.2 0.1 0.2 0.3 0.4 0.1 -0.1 -0.1 0.0 -0.1 0.3 0.1 0.2 0.0 0.0 0.0 -0.3 0.4 -0.2 0.0 -0.1 -0.1 -0.2 -0.1 

ethyl acetate 0.0 -0.1 0.0 0.2 0.0 0.0 0.0 0.2 0.7 -0.1 0.0 -0.1 0.1 -0.1 0.3 0.1 0.2 -0.1 -0.2 0.0 -0.2 0.1 -0.2 -0.1 0.0 -0.1 -0.1 -0.1 

propanol 0.3 -0.1 0.1 -0.2 0.2 -0.2 -0.1 -0.3 0.0 0.4 -0.1 -0.1 0.0 -0.1 -0.1 -0.2 -0.1 0.1 0.2 0.1 -0.1 -0.2 -0.1 0.2 -0.2 0.4 0.5 0.0 

isobutanol 0.1 0.0 0.0 0.1 0.0 0.0 0.0 -0.1 0.6 0.1 0.0 -0.1 0.1 0.0 0.2 0.0 0.1 0.0 -0.1 -0.1 -0.2 0.0 -0.2 -0.1 -0.2 0.0 0.0 0.0 

isoamyl acetate 0.0 0.0 0.2 0.0 0.0 -0.1 0.0 -0.1 0.3 0.0 0.2 0.0 0.1 0.0 0.2 -0.1 0.2 0.2 -0.1 0.1 -0.2 0.0 -0.2 0.0 -0.1 -0.1 -0.1 -0.1 

2-methyl-1-butanol 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.7 0.0 0.0 -0.1 0.1 -0.1 0.3 0.1 0.1 0.0 -0.2 0.0 -0.2 0.1 -0.2 0.0 -0.1 -0.1 -0.1 0.0 

3-methyl-1-butanol 0.1 -0.1 0.0 0.2 0.1 0.0 0.1 0.2 0.9 0.0 -0.1 -0.2 0.0 -0.1 0.3 0.1 0.3 0.0 -0.2 -0.1 -0.3 0.1 -0.2 0.0 0.0 -0.1 -0.1 -0.1 

phenylethyl acetate 0.0 -0.1 -0.2 0.4 0.2 0.0 0.2 0.3 0.9 -0.1 -0.1 -0.2 0.0 -0.1 0.4 0.3 0.2 -0.2 -0.2 -0.2 -0.1 0.2 -0.1 -0.1 0.0 -0.1 -0.2 -0.1 

phenyl ethanol 0.2 0.0 -0.3 0.1 0.3 0.0 0.0 0.2 0.3 0.2 0.1 -0.1 -0.1 -0.1 -0.1 0.0 -0.2 -0.4 -0.1 -0.2 0.3 -0.1 0.1 -0.2 0.1 0.2 0.3 0.0 
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Table S15 (continued). Pearson correlation matrix of aroma attributes, volatiles, and select nonvolatile factors 

Values in bold are different from 0 with a significance level alpha=0.05 and positive and negative correlations highlighted by green and red respectively. 

Abbreviations of aroma attributes in the columns match the unabbreviated terms in the same order as listed in the order listed in the rows of the table 

 

Variables O.A.I. Cit. H.A. Wort. Malt. Che. 
G. 

n. 

D.

Y. 
Ban. 

S./ 

C. 
L O. T. 

S. 

F. 
Mel. A. Fl. He. T. G. 

Chee

s. 
Hon. Stale Sol. Sk. Co. 

B/ A/ 

R 
Cola 

α-pinene 0.1 0.5 -0.1 -0.1 -0.2 -0.1 -0.2 -0.1 -0.1 -0.1 0.5 0.4 0.1 0.0 -0.2 0.1 -0.1 -0.2 -0.2 -0.2 0.1 -0.1 -0.1 -0.1 -0.2 0.0 -0.1 0.2 

ß-pinene 0.1 0.5 -0.1 -0.1 -0.2 -0.1 -0.2 -0.1 -0.1 -0.1 0.5 0.4 0.1 0.0 -0.2 0.1 -0.1 -0.2 -0.2 -0.2 0.1 -0.1 0.0 -0.1 -0.2 0.0 -0.1 0.2 

myrcene 0.3 0.5 0.5 -0.4 -0.4 -0.5 -0.4 -0.5 -0.3 -0.1 0.5 0.5 0.5 0.2 0.0 -0.2 0.1 0.3 0.1 0.2 0.0 -0.2 -0.1 0.2 -0.3 0.0 0.0 0.1 

2-methylbutyl 

isobutyrate 
0.2 0.1 0.6 -0.4 -0.2 -0.5 -0.2 -0.5 -0.3 0.1 0.2 0.2 0.4 0.3 0.1 -0.1 0.1 0.5 0.5 0.3 0.0 -0.2 0.1 0.4 -0.2 0.1 0.2 -0.1 

limonene 0.3 0.8 -0.2 -0.1 -0.3 -0.2 -0.3 -0.3 -0.2 -0.1 0.6 0.7 0.3 0.0 -0.2 0.0 0.1 -0.2 -0.2 -0.3 0.0 0.0 -0.2 -0.1 -0.3 -0.1 -0.1 0.3 

cis-linalool oxide 0.4 0.2 0.3 -0.3 -0.2 -0.4 -0.2 -0.4 -0.3 0.1 0.1 0.3 0.2 0.3 0.0 -0.1 0.3 0.3 0.2 0.2 0.3 0.1 -0.2 0.2 -0.3 0.0 0.1 0.2 

trans-linalool oxide 0.3 0.2 -0.1 -0.3 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1 0.2 0.3 0.1 0.0 -0.2 -0.2 -0.1 0.1 0.0 -0.2 -0.1 0.0 -0.3 -0.1 -0.3 -0.1 -0.1 0.9 

linalool 0.4 0.3 0.7 -0.5 -0.4 -0.5 -0.3 -0.5 -0.3 -0.1 0.3 0.4 0.5 0.6 0.2 -0.1 0.3 0.6 0.3 0.4 0.2 -0.2 -0.2 0.3 -0.2 -0.1 0.0 0.0 

α-terpineol 0.3 0.3 -0.3 -0.2 -0.4 -0.2 -0.3 -0.3 -0.1 -0.1 0.3 0.4 0.1 -0.1 -0.2 -0.2 -0.1 -0.1 -0.2 -0.4 -0.2 0.0 -0.3 -0.2 -0.3 -0.1 -0.1 0.9 

citronellol 0.3 0.3 0.7 -0.4 -0.3 -0.5 -0.2 -0.5 -0.3 0.0 0.3 0.3 0.3 0.1 0.0 -0.2 0.3 0.5 0.1 0.5 0.1 -0.2 -0.2 0.3 -0.1 0.0 0.1 -0.1 

nerol 0.4 0.4 0.6 -0.5 -0.4 -0.5 -0.4 -0.5 -0.3 -0.1 0.5 0.4 0.4 0.4 0.1 -0.1 0.2 0.5 0.2 0.3 0.1 -0.2 -0.2 0.2 -0.2 -0.1 0.0 0.1 

geraniol 0.3 0.1 0.6 -0.3 -0.2 -0.4 -0.2 -0.3 -0.2 -0.1 0.2 0.2 0.3 0.3 0.1 -0.1 0.2 0.6 0.5 0.5 0.2 -0.1 0.0 0.2 -0.1 -0.1 0.0 -0.1 

geranyl acetate 0.4 0.6 0.0 -0.3 -0.4 -0.4 -0.4 -0.4 -0.3 -0.1 0.5 0.6 0.2 0.1 -0.2 -0.1 -0.1 0.0 -0.1 -0.2 0.1 -0.2 -0.1 0.1 -0.3 0.0 0.0 0.5 

caryophyllene 0.3 0.5 0.0 -0.3 -0.4 -0.3 -0.4 -0.4 -0.2 0.0 0.5 0.6 0.2 0.0 -0.3 -0.1 -0.1 -0.1 -0.1 -0.3 0.0 -0.2 -0.2 0.0 -0.4 0.0 0.0 0.6 

humulene 0.2 0.1 0.3 -0.2 -0.2 -0.3 -0.1 -0.3 -0.1 0.1 0.2 0.3 0.2 0.0 0.0 -0.1 0.0 0.2 0.1 0.0 0.0 -0.2 0.1 0.2 -0.2 0.1 0.2 0.0 

caryophyllene 

oxide 
0.0 0.4 -0.2 -0.1 -0.3 -0.1 -0.3 -0.1 -0.1 -0.3 0.4 0.3 0.3 0.2 0.0 0.1 -0.1 -0.2 -0.2 -0.2 0.2 -0.2 0.1 -0.3 -0.1 -0.1 -0.2 0.2 
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Table S16. Pearson correlation matrix of taste and mouthfeel attributes, nonvolatile factors, and DA aroma attributes 

Variables 
O. 

A. I. 
Cit. 

H. 

A. 
Wort. Malt. 

O. 

T. 

A./ 

D. 
Sour Sal. Ling. Bit. Swe. Thin Thick Flat Fizz. Cloy. Ting. O.G. Den. Er ABW pH TA CO2 Col. Tur. BU Iso Hu. 

Overall 

Aroma 

Intensity 

1.0                              

Citrus 0.4 1.0                             

Hop Aroma 0.2 0.1 1.0                            

Worty 0.0 -0.3 -0.4 1.0                           

Malty 0.2 -0.6 -0.3 0.6 1.0                          

Overall 

Taste 
0.8 0.3 0.1 0.0 0.2 1.0                         

Astringency/ 

Drying 
0.1 0.0 0.7 -0.3 -0.1 0.1 1.0                        

Sour 0.7 0.6 0.0 -0.3 0.0 0.5 -0.1 1.0                       

Salty 0.3 0.2 0.0 -0.2 0.1 0.1 0.1 0.6 1.0                      

Lingering 0.6 0.0 0.3 0.1 0.4 0.9 0.4 0.2 0.1 1.0                     

Bitter 0.3 -0.2 0.7 -0.2 0.3 0.4 0.8 0.1 0.2 0.7 1.0                    

Sweet 0.3 0.3 -0.5 0.4 0.0 0.5 -0.6 0.0 -0.3 0.1 -0.5 1.0                   

Thin -0.3 0.0 0.5 -0.6 -0.4 -0.5 0.5 0.0 0.1 -0.4 0.2 -0.7 1.0                  

Thick 0.2 -0.1 -0.6 0.7 0.5 0.3 -0.6 0.0 -0.2 0.2 -0.3 0.7 -0.9 1.0                 

Flat 0.1 -0.1 0.2 -0.2 0.2 0.0 0.2 0.2 0.3 0.1 0.3 -0.4 0.1 -0.1 1.0                

Fizzy -0.1 0.2 0.1 -0.2 -0.5 0.0 0.1 -0.1 -0.1 -0.1 -0.1 0.1 0.0 -0.2 -0.7 1.0               

Cloying 0.3 0.2 -0.5 0.3 0.1 0.5 -0.6 0.2 -0.2 0.3 -0.4 0.9 -0.8 0.7 -0.2 0.1 1.0              

Tingling -0.3 0.1 0.1 -0.4 -0.6 -0.2 0.2 -0.1 0.0 -0.3 -0.1 -0.2 0.4 -0.5 -0.5 0.6 -0.3 1.0             

Original 

Gravity 
0.2 0.0 -0.5 0.5 0.3 0.4 -0.6 0.0 -0.2 0.3 -0.3 0.8 -0.8 0.8 -0.2 0.0 0.7 -0.3 1.0            

density 0.2 0.0 -0.5 0.5 0.3 0.4 -0.6 0.0 -0.2 0.3 -0.3 0.8 -0.9 0.8 -0.2 0.0 0.8 -0.3 1.0 1.0           

Er 0.2 0.0 -0.5 0.5 0.3 0.4 -0.6 0.0 -0.2 0.3 -0.3 0.8 -0.9 0.8 -0.2 0.0 0.8 -0.3 1.0 1.0 1.0          

ABW 0.0 -0.2 0.2 -0.1 0.3 -0.1 0.0 0.1 0.1 0.0 0.3 -0.3 0.3 -0.1 0.0 -0.1 -0.3 -0.1 0.0 -0.1 -0.1 1.0         

pH -0.5 -0.3 0.2 0.0 0.0 -0.5 0.3 -0.4 0.0 -0.2 0.2 -0.6 0.2 -0.1 0.2 -0.1 -0.4 -0.1 -0.3 -0.3 -0.3 0.0 1.0        

TA 0.4 0.4 -0.2 0.3 0.2 0.4 -0.3 0.5 0.2 0.3 -0.1 0.4 -0.5 0.5 -0.1 0.1 0.4 -0.3 0.6 0.6 0.6 0.1 -0.3 1.0       

CO2 -0.2 -0.1 -0.3 -0.2 -0.4 -0.2 -0.2 -0.2 -0.2 -0.3 -0.4 0.2 -0.1 0.1 -0.5 0.5 0.3 0.6 0.1 0.1 0.1 -0.2 -0.1 -0.2 1.0      

Color 0.5 -0.2 -0.2 -0.3 0.4 0.4 -0.1 0.5 0.3 0.3 0.2 -0.1 -0.1 0.2 0.3 -0.3 0.1 -0.3 0.1 0.1 0.1 0.2 -0.1 0.2 -0.1 1.0     

Turbidity 0.3 0.1 0.1 -0.2 0.0 0.2 -0.1 0.2 0.0 0.1 0.1 -0.1 -0.1 0.2 0.4 -0.2 0.1 -0.3 -0.1 -0.1 -0.1 0.0 0.0 0.0 -0.2 0.4 1.0    

BU 0.3 -0.1 0.6 0.1 0.2 0.5 0.6 -0.1 0.0 0.8 0.9 -0.3 0.0 -0.1 0.2 -0.1 -0.2 -0.2 -0.1 -0.1 -0.1 0.2 0.2 0.0 -0.4 0.0 0.0 1.0   

Iso-

humulones 
0.0 -0.3 0.2 0.5 0.4 0.3 0.4 -0.3 -0.1 0.6 0.6 0.0 -0.3 0.2 0.0 0.0 0.0 -0.2 0.2 0.2 0.2 0.1 0.1 0.1 -0.3 -0.2 -0.2 0.8 1.0  

Humulinone 0.3 0.2 0.8 -0.5 -0.3 0.2 0.6 0.1 0.0 0.2 0.5 -0.4 0.4 -0.5 0.0 0.2 -0.4 0.3 -0.5 -0.5 -0.5 0.1 0.1 -0.2 -0.1 0.0 0.0 0.5 0.1 1.0 

Total 

humulones 
0.2 0.1 0.6 -0.2 -0.3 0.2 0.5 -0.1 -0.1 0.3 0.5 -0.3 0.2 -0.3 0.3 0.0 -0.2 0.0 -0.3 -0.2 -0.3 -0.1 0.4 -0.2 -0.1 -0.1 0.0 0.5 0.2 0.5 

co-

humulone 
0.2 0.1 0.6 -0.3 -0.3 0.2 0.5 -0.1 -0.1 0.3 0.5 -0.3 0.2 -0.3 0.2 0.1 -0.2 0.1 -0.3 -0.3 -0.3 -0.1 0.4 -0.2 -0.1 -0.1 0.0 0.6 0.2 0.6 

n-/ad-

humulone 
0.1 0.1 0.5 -0.2 -0.3 0.2 0.4 -0.1 0.0 0.2 0.4 -0.2 0.2 -0.2 0.3 0.0 -0.2 0.0 -0.2 -0.2 -0.2 -0.1 0.4 -0.3 -0.1 -0.2 0.0 0.5 0.2 0.4 

Roh -0.2 -0.1 -0.1 0.0 0.0 -0.2 -0.1 -0.2 -0.1 -0.3 -0.2 0.0 0.2 -0.2 -0.1 0.0 -0.1 0.1 0.0 -0.1 -0.1 0.1 -0.1 -0.2 0.0 -0.1 -0.1 -0.1 -0.2 -0.1 

Tetra -0.1 0.0 0.2 -0.1 0.0 -0.1 0.1 -0.1 -0.1 0.0 0.0 -0.1 0.2 -0.2 -0.2 0.1 -0.1 0.1 0.0 -0.1 -0.1 0.2 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.2 0.0 

Hexa 0.0 -0.1 0.0 0.0 0.1 0.0 0.0 0.2 0.1 0.1 0.1 -0.1 0.0 0.1 0.1 -0.1 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 0.2 -0.1 0.1 0.0 0.1 0.0 0.0 

Values in bold are different from 0 with a significance level alpha=0.05 and positive and negative correlations highlighted by green and red respectively. 

Abbreviations of aroma attributes in the columns match the unabbreviated terms in the same order as listed in the order listed in the rows of the table
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Figure S5. Box plots and scattergrams of the nonvolatile factors measured for the different NAB, soda, 

and seltzer products A.) BU, B.) Iso-humulones, C.) Humulinones, D.) Er, E.) ABW, F.) CO2, G.) TA, 

H.) pH, and I.) Turbidity. The red crosses represent the means and the red/ black lines represent the 

medians. Outliers are marked by circles and crossed circles.
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Figure S6. Predicted bitterness using the model selected by multiple regression analysis against the 

measured sensory bitterness for the 44 different products. 
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