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Preface

This volume was inspired by the request of a soup manu-
facturer for a select list of books to serve as the nucleus
of a library on flavor. The author’s search for books on
flavor was so barren that the need of a comprehensive
book on the subject became obvious.

The appearance at this time of a general treatment of
flavor is entirely natural; it reflects a mounting industrial
interest, in this country and in England, as shown by
periodicals carrying articles on flavor. First came the
pionecer journal Iood Industries, in 1928, followed in four
vears by the Food Field Reporier. Then, in 1936, the
Institute of Food Technologists was founded with its
Proceedings. The journal Food Research started publica-
tion that same year. In England, the specialized journal
Flavours has been published since 1938.

In this work, the sensation of flavor is first broken down
into its sensory elements, and each of these is discussed in
turn. The physical means for stimulating or repressing
the respective sensory factors to attain the desired flavor
objective are also explained. The chemistry of flavoring
agents and condiments and the means for developing and
retaining them in processed foods are discussed. Finally,
methods for the prevention of undesirable or off-flavors
in commercial products and for the discovery and correc-
tion of such as may occur are outlined.

Having both theoretical and practical portions, this
book is intended to direct and stimulate the thought of
food technologists, a term which includes all those who
plan, cook, and process food or beverage, as well as those
who are interested in flavor for its own sake. Although
this volume provides information about flavors and flavor-

Y



i PREFACE

ing agents and methods of using them, it is not a recipe or

formula compendium and does not deal with the subject
matter now covered adequately by a legion of excellent
cookbooks.

An extensive but selected bibliography classified }y
subjects to correspond to the chapters of the book is
included for the convenience of those who wish to pursye
and advance particular phases of the work on flavor.

The author has drawn on his experience particularly as g
consultant on the chemistry of flavor, but he has also
made use of the findings and writings of workers in related
fields in order to give a broad treatment of the subject.
He gratefully acknowledges the assistance of members of
the staff of Arthur D. Little, Inc., especially Dr. M. G.
Gray on matters of anatomy and physiology, and Mr,
Raymond Stevens for his general interest in gastronomy
and his constant encouragement. l

E. C. Crockkr.
CAMBRIDGE, Mass.,

February, 1945,
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z\cotnhlohy{h-, volalility of, 6+
Acetic acid, aroma of, 56
taste of, 9
Acid salts, taste of, 9
Acids, importance Lo flavor, 56
taste of, 9
(See also specific acids, as Boric
acid, Carbonic acid, ete.)
Agar-agar, usc of, in foods, 52
Aggregate fruils, list of, 50
Aging of butter, 2
of cheese, 2
of liquors, 2
Alanine, flavor of, 58
Alcohol, feeling of, 6
physiological reaction to, 55
as a slimulating agent in liquors,
56-567
stimulation of warmth sensalion, 19
Aldehydes, pain-producing action of,

57
(See also specific aldehydes, as
Cinnamic aldehyde, {-Perilla

aldehyde, ete.)
Ale, 122-124
Alkaloids, taste of, 8
(See also specific alkaloids, as
Caffeine, Strychnine, ete.)
Allspice, pungency of, 18
Almond, flavor of, 57
numbing action of, 57
Alum, astringency of, 41
Amino acids, flavor of, 58
Ammonium salts, laste of, 8-9
Angelica, oil of, taste of, +6
volatility of, 6+
Angostura bark, flavor of, 47
use of, 47

Angostura bitters, etymology of, 47
Anise, oil of, importance of flavor of, 56
Antioxidants, 81-83
Ants, olfactory sense in, 31
Appetite, definition of, 85

Torace’s philosophy of, 36
Apple, classification of, 49-50

effect of boiling, 7+

cffect of storage, 78, 84-85

true taste of, 5
Apple juice, manufacture of, T4
Aroma (see Odor)
Ascorbic acid (see Vitamin C)
Altar of roses (see Oil of roses)

B

Banana, ripening of, 73
type of fruit, 49
Beach plum, use of, 53-5+
‘Beans, influence of pH in cooking, 75
Beef, selection of, 143-145
storage of, 79
Beer, 122-124
Bees, distribution of olfactory organs
in, 31
olfactory sense in, 31
Beets, favor of, 45
o-Benzoie sulfamide (see Saccharin)
Benzoin (see Gum Benzoin)
Berries, list of, 49
Beryllium salts, taste of, 8
Bicarbonate of soda, laste of, 19
Bite, definition of, 18
Billerness, i[lnpurlzmcu of, 56
stimuli for, 8
Black pepper, pungency of, 18
true taste of, &
Blackberry, type of fruit, 50
Blueberry, type of fruit, 49

165




166 FLAVOR

Boiling point, determination of, 71-72

Borage, composition of, 48

Boric acid, taste of, 9

Boysenberry, type of fruit, 50

Bread, development of flavor in, 75
scoring of, 149-150

p-Brom-benzoic-sulphinide, taste of,

24

Brucine, taste of, 8

Butenyl isothiocyanate, taste of, 4546

Butler, scoring of, 131-132

—
=1

tactual considerations of,
Butyric acid, aroma of, 56

C

Cabbage, chemical composition of, 48
effect of boiling, 74
emission of odor of, 85
pungency of, 18

Cacao bean, flavor of, 51

{ Caesium (see Cesium)
‘ Caffeine, physiological reaction to, 55,
i 96
il quantity needed for perception of, §
[ laste of, 8
{ 1 . ;
{1 Cake, development of flavor in, 75
‘ i influence of pH in, 75-76
al scoring of, 150-155
il Calcium oxalale, presence in Indian
] il turnip, 6
[ Camomile tea (see Tisanes)
| Cane sap, flavor of, 47
products derived from, 47
Canning, cffect of, on flavor, 84
Cantaloupe, emission of odor of, 85
taste of, 19
. Capsicum, use of, 57
Caramel, development of flayor of, 75
| Caraway sceds, essential oil in, 60
5 Carbonales, taste of, 9
' Carbonic acid, aroma of, 56
| taste of, 9
1
| ati
| gﬂrp. location of taste buds in, 21
|

Carvacro], mouth sensation of, 57

arrots, effect of boiling, 78-74
flavor of, 45, 46

Carver, George \\":mhinglnn,
tion of a weed, 42

Carvone, volatility of, ¢4

Cassia, oil of, composition of, 47
importance of flavor in, 56
numbing action of, 57
pain-producing agent in, 57
stimulating agent in, 56

Catfish, location of taste buds in 9]

Calnip, composition of, 48
(See also Tisanes)
Cauliflower, blanching of, 73
Celery, blanching of, 73
classification of, 46
effect of boiling, 73-74
taste of, 46 5
Celery leaves, flavor of, 48
Cesium, Laste of salts of, 8
Cheese, scoring of, 132, 136-137
(See also Roquefort cheese, (o(.
tage cheese)
Cherry, flavor of, 57
Chicory, flavor of, 46
storage of, 73
Chinese cabbage, composition of, .
Chives, flavor of, 49
Chlorine, Laste of, 41
taste of salts of, 8
Chloroform, taste of, 8
Chocolate, development of flavor of, 75
discovery of, 87
tactual considerations of, 17
Cider, aging of, 47
preservation of, 83
Cinnamic aldehyde, taste of, 8
Cinnamon, composition of, 47
need for, in early civilization, 1
pain-producing agent in, 57
true laste of, 5
Citral, tactile sensations of, 57, 58
volatility of, 64
Clilrf(' acid, absence of aroma of, 56
quantity needed for deteclion by
sense of Laste, 9 !

-
= 2,

Clams, taste of, 19, 53
Clary sage oil, volalility of, 64
Cloves, need for, in early civilization, 1

pungency of, 18

(I('ﬁ nj-
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Cloves. tactile sensation (_)!', 41, 57
('.0(,0;,_ stimulaling agcr‘\l in, 56
Coelenterata, distributions of organs
of smell in, 31
olfactory sense in, 81
Coffce, development of flavor of, 75
discovery of, 37
jmportance of aroma of, 55
tasting technique, 117-122
Coffee bean, flavor of, 51
Collective fruits, list of, 50
Condiments (see Sall, Sugar, Pepper,
cte.)
Cookies. mfluence of pH in, 75-76
Cordials. composilion of, 57
Corn, canning of, 84
horticuitural developments of, 54
(orn bread, tactual considerations of,
17
Costmary (see Tisanes)
Cottage cheese, absorption of odors by,
85
Coumarin, volalility of, 6+
Crabs, taste of, 19
Cranberries, preservation of, 84
Cream cheese, absorption of odors in,
85
Crocker, E. C., and L. I'. Henderson,
four fundamental odor sensa-
tions, 12-15, 434+
Crustaceans, odor perception of, 26
Cucumber pickles, preservation of, 8+
Cucumbers, classification of, 49
Cushing, Harvey, findings in connec-
tion with taste buds, 23
Cuttlefish, distribution of organs of
smell in, 31
Cysteine. flavor of, 58

D

Dandelion root, use of, 46
Dehydration, loss of flavor in, 76
Diacetyl, aroma and taste of, 58
volatility of, G4

Dill, composition of, 48

Drupes, definition of, 49

Dulce, use of, in foods, 52
Dulein, taste of, 8

Dulcin, use of, 56
Durian, flavor of, 53
odor of, 42
Dyson, Sir Malcolm, theory of odor
perception, 28

E

Echinodermata, distribution of organs
of smell in, 31
Eggs, dehydration of, 76
scoring of, 138-141
storage of, 79
sugar-protein reaction in, 80-81
Endives, blanching of, 73
Epicure, definition of, 85
Lpiglottis, location of taste buds on, 22
Lscoffier, Auguste, 108-112
Essential oils, 59-63
Ethyl acetate, volatility of, 64
Ethyl gallate, use of, as an antioxidant,
83

o

Fauces, location of taste buds in, 22
Fennel, classification of, 46
flavor of, 46, 48, 49
Fenugreek seeds, flavor of, 51
Fermentation, influence on flavor, 76
I'ig, type of fruit, 50
Iish, odor of, 52
taste of, 58
Flavor, action of, 3
of cereal beverages, 122-124
of coffee, 117-122
definition of, 2, 4
Greek classifications of, 36
language of, 36—44
natural sources of, 45-58
in buds and flowers, 49
in fruits, 49-50
in leaves, 48-49
in marine products, 52-53
in meats, 51-52
in roots, +5-46
in saps and gums, 4748
in sceds, 50-51

B

in stems, wood, and bark, 46—4+7
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Tlavor, perception of, 4=5
physiology of, 21-31
psychology of, 32-35
of tea, 114-117
of wine, 124-127
Flavoring agents, definition of, 2
(Sec also Salt, Sugar, Pepper, ete.)
Fluorine, taste of salts of, 8
Food, distinguished from nutriment,
35
Fruits, classifications of, 49~50
(See also Aggregate fruits and
Collective fruils)
G
Galanga root, use of, 46
Garlie, chemical composition of aroma
of, 46
flavor of, 45
pungency of, 18
Gastropods, odor perception of, 26, 81
Gentian root, flavor of, 46
use of, 46, 56
Ghee (see Indian ghee)
Ginger, feeling of, 6, 41
use of, 57
Gingerroot, composition of, 46
Glucinum, taste of, 8
(See also Beryllium salts)
Glucosides, taste of, 8
(See also specific glucosides, as
Naringin ete.)
Glycerin, importance to flavor, 56
Glycine, flavor of, 58
Glycyrrhizin, taste of, 8
Gourmand, definition of, 34-85
Gourmet, definition of, 85
Grapefruit, canning of, 84
Grapes, odor of, 42
type of fruit, 49
Guaiac (see Gum guaiac)
Guava, flavor of, 58
Gum arabie, use of, 48
Gum benzoin, use of, 47
(ium guaiac, as an antioxidant, 82-88
odor of, 47
use of, 47
Gum tragacanth, use of, 48

FLAVOR

H

Halides, taste of, 9
LIcnninff;’s six fundamenta] odor sey
salions, 11-12 4

Herb teas (see Tisanes)
Herbs, flavoring agents in, 48

list of, 48

use of, 48, 49
Hesperidia, definition of, 49
Honey, composition of, 47

Laste of, 38-39
Hops, flavor of, 56

use of, 57, 128
Horace, philosophy of appetite, 3¢
Horehound, composition of, 48
Horn pout, location of taste buds in, 21
Horse-radish, pungency of, 18
Huckleberry, type of fruit, 49
Hunger, definition of, 35
Hydrogen-ion concentralion (see pH)
Hydroquinone, use as an antioxidant,

83

I

Ice cream, scoring of, 185
Indian ghee, odor of, 4248
Indian turnip, mouth-stinging sensa-
tion of, 6, 46
Insecta, odor perception of, 26
Iodine, taste of, 41
taste of salts of, 8
Ions, relation to taste of, 8
Irish moss, use of in foods, 52
Iron, taste of ferric salts of, 8
Isoascorbic acid, use as an antioxidant,
83

J

Jack-in-the-pulpit (see Indian turnip)
Jasmine, oil of, use of, 49

Jerusalem artichokes, flavor of, 45
Juniper berry, use of, 57

K

Kola drinks, importance of aromatics

m; 55

INDEX 169

a drinks, stimulating agent in, 56
1s, flavor of, 51

Kol

Kola scec

L

Lactones, taste of, 9
Lamb, selection of, 1+6-148
Larynx, location of taste buds in, 22
Lead salts, taste of, 8
Lecithin, use of, as an antioxidant, 83
Lemon balm (see Tisanes)
Lemon skin, true taste of, 5
Lemon verbena (see Tisanes)
Lemons, essential oil in, 60

flavor of, 57
Lepidoptera, olfactory sense in, 81
Leucine, flavor and odor of, 58
Licorice, as an antioxidant, 82-83

importance of flavor of, 56
Licorice rool, composition of, 46
Limes, oil of, tactile sensation of, 58
Lin, Yutang, food preference of the

Chinese, 17

Linden flowers (see Tisanes)
Liqueurs, composition of, 57
Liquors, aging process in, 4647, 81
Lithium, taste of salts of, 8
Loganberry, type of fruit, 50
Lovage, taste of, 46

M

Magnesium, taste of salts of, 8-9
Maillard reaction (see Sugar-protein
reaction)
Manna, use of, 48
Maple-tree sap, flavor of, 47
Maraschino cherries, preservation of,
83
Marjoram, composition of, 48
use of, 57
Maté (see Paraguay tea)
Meal, judging and grading of, 141-149
roasting of, 75
Melons, ripening of, 73
Lype of fruit, 49
/»Menthol, feeling of, 6, 19

use of, 57

Mercaptans, quantity needed for de-
tection by sense of smell, 30
Methionine, flavor of, 58
Milk, dehydration of, 76
scoring of, 129-181, 133-185
Milk of magnesia, taste of, 19
Milk products, flavor of, 52
scoring of, 128-187
Mulberry, type of fruit, 50
Musk, quantity needed for detection
by sense of smell, 30
Mustard, pungency of, 18, 41

Naringin, taste of, 8

Nasturtium seeds, pungency of, 18

Neroli, oil of, use of, 49

Niltrates, taste of, 9

Nordihydroguaiaretic acid, use of, as
an antioxidant, 82-83

Nutriment, definition of, 85

0

Oakwood (see White oakwood)
Oat flour, antioxidant action of, 82
Odor, absorption of, 85 X
classifications of, 10-1+4
detection of combinations of, 14-15
faligue in perception of, 29
perception of, 4
physiological means of detection of,
9-10
preservation.in cooking, G+
Oil of angelica (see Angelica, oil of)
Oil of anise (see Anise, oil of)
Oil of cassia (see Cassia, oil of)
Oil of jasmine (see Jasmine, oil of)
Oil of limes (see Limes, oil of)
Oil of neroli (see Neroli, oil of)
0il of peppermint (sec Peppermint,
oil of)
0il of roses, use of, 49
Oil of spearmint (see Spearmint, oil of)
il of violets, use of, 49
0il of wintergreen (see Winlergreen,

oil of)
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Onion, chemical composition of aroma

of, 46

effect of boiling, 73-74

emission of odor of, 85

pungency of, 18

raw, true taste of, 5, 45
Oranges, essential oil in, GO

flavor of, 53, 57
Orrisroot, flavor of, 46
Oxyproline, flavor of, 58
Oysters, taste of, 53

I)
Pacific kelp, use of in foods, 52
Palate, location of taste buds on, 22
Papaya, ripening of, 73
Papaya sap, desquamatative action of,
20
Paraguay tea, flavor of, 48
stimulating agent in, 56
Parsley, effect of boiling, 78-74
flavor of, 48
volatility of, 64
Parsnips, flavor of, 45, 46
sweetening of, 78
Pastry, development of flavor in, 75
Pea soup, tactual considerations of, 17
Peanut butter, odor of, 42—18
tactual considerations of, 17
Peanuts, development of flavor in, 75
flavor of, 51
Pears, classification of, 49-50
horticultura) developments of, 54
ripening of, 73
Peas, influence of pH in cooking, 75
Pectin, in plums, 50
Pepos, list of, 49
Pepper, tactile sensations of, 41
(See also Black Pepper, White
Pepper, Red Pepper)
Peppermint, coolness of, 41
oil of, true taste of, 5
taste of, 53
[-Perilla aldehyde, taste of, §
l’m‘simmon, .'rstringen(-_\' of, 41, 54
PH, importance in cooking, 75-76
P-Phenety] ureq (see Dulcin)

FLAVOR

Phenols, mouth sensation of, 57
taste of, 9
Phenylethyl isothiocyanale, taste of,
4546
Phosplioric acid, absence of aroma gf,
56
Picric acid, taste of, 8§
Pineapple, classification of, 50
ripening of, 73
Pineapple juice, dc.x'qn.-nnn[n[iv(- a0-
tion of, 20 3
Platt, Washinglon, on consumer {esi.
ing of foods, 102-107
Pomes, list of, 49-50
Popcorn, development of flavor in, 75
Pork, selection of, 145-146
Potassium, taste of salls of, §-9
Potatoes, influence of storage on flavop
of, 79
Processing of food, 73-77
Propionates, use of, 83
Propionic acid, aroma of, 56
Propyl gallate, use of, as an antioxi-
dant, 83
Prunes, efiect of boiling, 74
Pungency, definition of, 18
foods noted for, 18-19
Pyrameis atalanta, sensilivity of tasle
organs in, 26
Pyrogenesis, in cooking meal, 2

Q

Quinces, type of fruit, 49-50
Quinine, quantity needed for detection
by sense of taste in, G, 8
taste of, 8

R

Raspberries, odor of, 42
type of fruit, 50
Red pepper, feeling of, 6
pungency of, 18-19
Lrue taste of, 5
Renshay, Samuel, observations on
speed of perception of laste
sensations, 7
Rhubarb, chemical composition of, 46
preservation of, 84

INDEX 7

Rhubarb root, flavor of, 16
storage of, 73

Roquefort cheese, favor of, 58
odor of, 42

Rubidium, taste of salts of, §

S

Saccharin, quantity needed for delec-
tion by sense of Laste, 6
taste of, 8
use of, 56
Sage, composition of, 48
pungency of, 18
use of, 57
Salt, importance of, 55-56
need for, in carly civilization, 1
quantity needed for deteetion by
sense of laste, 6
Saltiness, stimuli for, 8-9
Sassafras, flavor of, 46
mouth sensation of, 57
Sauerkraut, odor of, 42
preservation of, 84
Savory, composition of, 48
Scallops, taste of, 53
Scent (see Odor)
Scoring, 98-101, 1258-155
Sesame oil, antioxidants in, 8¢
Sherrington’s taste classificalion, 25
Sherry, aging of, 81
flavor of, 57
Shrimp, taste of, 19
Silver, taste of salts of, 8
use as a preservalive, 83
Slippery elm, flavor of, 47
Smell, physiology of, 26-31
Smelling technique, 87-93
Smoking, influence of, on flavor, 77
influence of, on taste perception, 95
Soap, taste of, 19
Sodium, taste of salts of, 8
Sodium benzoate, use as a preserva-
live, 83
Sodium bicarbonate (see Bicarbonale
of soda)
Sodium chloracetate, use as a pre-
servative, 83

Sodium chloride, quantity needed for
detection by sense of laste, 9
Sodium dehydrocholate, perception of
by injection into blood stream, 7
Sodium glutama te, flavor of, 58
mouthfulness feeling of, 20, 41, 51
Sourness, stimuli for, 9
Spearmint, oil of, taste of, 53
Spices, dist of, 50-5]
(See also Cinnamon, Cloves, etc.)
Spinach, chemical composition of, 46,
48
influence of pIH in cooking, 75
Spirits of ammonia, laste of, 19
Spruce gum, flavor of, 47
Squash, classification of, 49
horticultural developments of, 54
introduction Lo BEuropean diet, 87
Starfish, distribution of organs of
smell, 31
Storage, flavor changes in, 78-85
Strawberries, composition of imitation,
53
effect of boiling, 74
extraction of aroma, 50
horticultural developments of, 51
odor of, 42
ripening of, 73
Lype of fruit, 50
String beans, introduction to Furopean
diet, 37
Strychnine, taste of, 8
Stuffing, herbs used in, 49
Suckers, location of taste buds in, 21
Sucrose, basis for term sweet, 38
quantity needed for deteclion by
sense of taste, 8
Sucrose octa-acetate, taste of, §
Sugar, importance of, 56
quantity needed for deteclion by
sense of laste, 6
(See also  specific sugars, us
Sucrose, Glucose, ete.)
Sugar-protein reaction, 79-81
Sulfates, taste of, 9
Sulfur dioxide, perception of, 6
use as a preservative, 83-84
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Sweel basil, composition of, 48
use of, 49
Sweet potatoes, flavor of, 45
Sweetness, stimuli for, 8
Swiss chard, chemical composition of,
46, 48

T

Taffy, taste of, 39 .
texture of, 89
Tangerines, flavor of, 53
Tannic acid, in fruits, 50
Tannin, in plums, 50
Laste of, 8
in wines and ciders, 57
Taro, use of, 46
Tarragon, flavor of, 49
Tarlaric acid, absence of aroma of, 56
quantity needed for detection by
sense of laste, 9
Taste, the four components of, 7
language of, 88—40
physicochemical differences of com-
ponents of, 7-8
physiology of 21-26
use of, 25, 26
Taste buds, fatigue in, 24-25
location of, 6
physiology of, 21-24
Tasting technique, 93-98
Tea, discovery of, 87
stimulating agent in, 56
tasting technique, 114-117
(See also Paraguay {ea, Tisanes,
ete.)
Temperature, influence on tasie per-
ception, 7, 16-17
Texture (sce Touch)
Theobromine, physiological reaction
to, 56
Thiamine (see Vitamin B,)
Thyme, composition of, 48
Thymol, mouth sensation of, 57
Tilleul (see T isanes)
Tisanes, list of, 48
Tobaceo, introduction in Europe of, 87
physiological reaction to, 55
Tomato, ripening of, 78

FLAVOR

Tomalo, lype of fruit, 19
Touch, cffect of, on flavor, 16

17-18

Tumors, detection of, 29

Turkey, introduction of, Europeay,
diet, 37

Turnip tops, chemieal COmMposition of
48 :

Turnips, pungency of, 18
v
Vanillin, mouth sensalion of, 57
quantity needed for detection by
sense of smell, 30 :
volatility of, 6+
Yeal, selection of, 148-149
Vinegar, aging of, 47
preservalion of, 83
pungency of, 18
Vitamin By, taste of, 7
Vitamin C, use as an antioxidant, 83
Vitamins, loss of, in cooking, 75
Volatility, 64-72
Von Frisch, theory of use of smell by
bees, 31

W

Water cress, composilion of, 48
Wheat-germ oil, antioxidants in, §2
White oukwood, use of, 46-47, 57
White pepper, pungency of, 18

true lasle of, 5
Wild cherries, use of, 53-5t
Wild-cherry bark, composition of, 47
Wine, tasting Lechnique, 124-127
Wintergreen, oil of, composition of, 48

moulh sensation of, 57
Witch hazel, classification of, 47
Worms, odor perception of, 26
Wormwood leaves, flavor of, 45

use of, 56

Y|
Yams, flavor of, 45
Yeast, importance in brewing, 123
Z
Zwaardemaker's classification of odor
types, 10-11
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