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ABSTRACT 

Composition, antioxidant capacity, and microbial loads 

of nutmeg ground by ambient, chilled, and liquid nitrogen 

methods were studied. 

The particle size (modulus of fineness) and the 

percentage of moisture were not different (P>0.05) between 

the three types of ground nutmeg. The percentage of steam 

volatile oil in nutmeg ground by the ambient method (5.8%) 

was different (P<0.05) from that of nutmeg ground under 

colder conditions (chilled and liquid nitrogen, 5.4%). The 

percentage of steam volatile oil in nutmeg ground by the 

chilled method (5.5%) was not different (P>0.05) from that 

of nutmeg ground by the liquid nitrogen method (5.3%). An 

interaction between grinding method and batch was detected 

for percentage of oleoresin. The oleoresin color equivalent 

of nutmeg ground by the chilled method (0.748 g/100 ml) was 

different (P<0.05) from that of nutmeg ground by the liquid 

nitrogen method (0.969 g/100 ml). The oleoresin color 

equivalent of nutmeg ground by the ambient method (0.902 

g/100 ml) was not different from that of nutmeg ground under 

colder conditions (chilled and liquid nitrogen, 0.859 g/100 

ml) . 

The addition of 2.5% nutmeg was found to have a slight 

antioxidant effect when tested in a model salad dressing. 

VI 



Antioxidant capacity was not different (P>0.05) between the 

three types of ground nutmeg. 

Standard plate counts were not different (P>0.05) 

between the three types of ground nutmeg. Yeast and mold 

loads were different (P<0.05) between the three types of 

ground nutmeg. Nutmeg ground by the ambient method tended 

to have higher microbial loads than that ground by either 

chilled or liquid nitrogen methods. 
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CHAPTER I 

PREFACE 

Spices are important ingredients in a wide variety of 

processed and homemade food products. Cinnamon, black 

pepper, oregano, and other seasonings are added to foods to 

provide flavor and aroma. Although basil, tarragon, dill, 

parsley, and mustard are grown in the United States, many 

spices are imported. A spice often imported from Granada is 

nutmeg. 

Nutmeg is the grayish-brown, wrinkled kernel of the 

fruit of the Myristica fragrens Houtt tree. The spherical 

to oval shaped kernels appear hard, but are easily grated. 

When cut transversely, many dark brown veins, containing the 

volatile oils, become visible. 

Although whole nutmeg is available to consumers, the 

majority of nutmeg sold in the United States is in the 

ground form. The high oil content of whole nutmeg, however, 

reduces grinding efficiency. Heat generated during grinding 

at ambient temperatures results in loss of volatile oils and 

moisture. Grinding under ambient conditions also may cause 

smearing, caking, or blinding of the grinder. Such problems 

have led to the development of several other grinding 

techniques suitable for nutmeg and other high oil spices. 

Chill conditioning of whole spices at refrigeration 



temperatures before grinding and cryogenic milling are two 

techniques which have been reported to improve grinding 

efficiency of nutmeg with minimal loss of volatile oils or 

moisture. Little quantitative work has been conducted on the 

effect of such grinding techniques on the composition of 

nutmeg. 

While limited information is available on the 

antioxidant properties of many spices, only rosemary and 

cloves have been extensively studied. Nutmeg has been found 

to be both a pro-oxidant and an antioxidant depending on the 

medium in which the spice was tested. No information on the 

effects of grinding techniques on the antioxidant properties 

of nutmeg is available in the current literature. 

Ground spices often have higher microbiological loads 

than the original whole spice. Whole nutmeg has been 

reported to have total bacterial counts ranging from 1,875 

to 3,000 CFU/g and yeast and mold counts ranging from 0 to 

13 CFU/g. Total bacterial counts for ground nutmeg, on the 

other hand, range from 1,200 to 1,200,000 CFU/g, while yeast 

and mold counts range from 110 to 11,000 CFU/g. Although 

techniques such as heat, irradiation, and ethylene oxide 

treatment have been used successfully to reduce microbial 

loads in ground spices, no literature reports on the effects 

of different grinding methods on microbial loads in nutmeg 

have been located. 



CHAPTER II 

HISTORY, COMPOSITION, AND CHEMICAL 

ASPECTS OF NUTMEG: A REVIEW 

Introduction 

Spices have been a part of man's history for centuries. 

Since earliest times, black pepper, cinnamon, and other 

seasonings have been used to flavor foods and beverages. 

The Bible mentions the use of spices as perfumes, and the 

ancient Greeks and Romans used spices as cosmetics, as 

aphrodisiacs, and as presents for the gods (Parry, 1953). 

The Chinese Emperor, Fo Hi, used spices as medicines and 

healing compounds nearly 5000 years ago (Farrell, 1985). 

"The Chinese Herbal," the first medical treatise, written 

about 2700 B.C., listed more than 100 spices and herbs 

(Dziezak, 1989). Spices were the major impetus behind the 

voyages of Christopher Columbus and played significant roles 

in the explorations of Marco Polo, Vasco de Gama, Ferdinand 

Magellan, and others (Parry, 1953; Farrell, 1985). Spices 

such as peppercorns were used as currency (Rosengarten, 

1969), and spice ownership was often associated with wealth. 

For centuries, the richest and most powerful countries were 

those that controlled the spice trade (Farrell, 1985). The 

history of the spice trade has been reviewed (Parry, 1953; 

Farrell, 1985; Purseglove et al., 1981). 



Although once associated with wealth and power, 

increased availability of spices from all corners of the 

world at prices most consumers can afford has helped move 

spices away from gourmet cooking and into the realm of 

everyday living (Farrell, 1985; Przybyla, 1986). Increased 

consumption is evidence of this trend. Przybyla (1986) 

reported that annual per capita consumption of spices rose 

from 280 grams in 1932 to more than 796 grams in 1986. 

While this amount may appear insignificant, the fact that 

only 28 grams of black pepper will season one person's 

breakfast eggs for about two years puts this increase into 

perspective (Przybyla, 1986). 

Several factors have contributed to the continuing 

increase in spice consumption. The greatest influence has 

come from a growing ethnic population. The influx of 

immigrants entering the United States during the late 1800's 

and early 1900*s brought unique cultures, eating habits, and 

ethnic dishes into the American mainstream. Many of the 

foods introduced by the immigrants required spices and herbs 

common in the old countries but unfamiliar in America 

(Farrell, 1985). Today, Mexican, Indian, Szechuan, and 

other highly spiced cuisines are popular with American 

consumers who are demanding more flavorful foods. Such 

popularity has resulted in a 45% increase in "hot" spices 

like red, black, and white peppers. At the same time, the 

proliferation of processed foods such as pizza, spaghetti 

sauces and salad dressings has resulted in a 52% increase in 



"mild" spices such as cinnamon, basil, and oregano 

(Przybyla, 1986). A greater concern for nutrition and 

health is responsible for increased use of spices as 

replacements for flavors once provided by the fats, salt, 

and sugar that are being reduced in many processed foods 

(Przybyla, 1986). 

A variety of seasonings are available for today's 

consumer. Although many spices, including parsley, dill, 

basil, tarragon, and mustard, are grown in the United 

States, many others must be imported from countries in Asia, 

Europe, Central and South America, and the West Indies. 

Among the spices imported from the West Indies is nutmeg. 

The History of Nutmeg 

The nutmeg is native to the Moluccas, part of the group 

of islands known as the Spice Islands in the East Indies 

(Parry, 1953). Little is known about the exact beginnings 

of nutmeg, but apparently the ancient Greeks and Romans did 

not know of the spice (Purseglove et al., 1981). A record 

of the spice was made by Aetius, a court resident of 

Constantinople, about 540 A.D., but nutmeg probably reached 

India before that time (Purseglove et al., 1981). Arab 

traders undoubtedly obtained the spice from India, but, as 

with other spices, they fabricated wild tales to hide the 

true origins of nutmeg. 

Nutmeg was well known in Europe by the 12th century. 

In 1191, Henry VI had the streets of Rome fumigated with 

nutmeg and other aromatic spices before his coronation as 
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Emperor (Rosengarten, 1969). The travels of Marco Polo 

during the 13th century added more information about spices. 

Records made by Polo during expeditions in Asia and the East 

Indies frequently mentioned the use and trade of nutmeg and 

other seasonings. 

Nutmeg was used extensively during the late Middle 

Ages. Javanese traders brought nutmeg from the Moluccas to 

Java, where Arabian merchants took the spice west and 

Chinese traders carried the nutmeg to China. As distri

bution expanded, so did uses for the spice. The high cost 

of nutmeg limited its use to wealthy households, but for 

those who could afford it, nutmeg was used to flavor 

puddings, conserves, tarts, cakes, and pastries, and was 

often a component of the various beverages, wines, and 

liquors popular during the time (Parry, 1953). Nutmeg also 

was used in medicinal preparations of the Middle Ages. One 

such concoction, called the Wine of Tyre, was composed of a 

variety of spices, including nutmeg. The wine was said to 

be for the chest and cough (Parry, 1953). The works of 

Geoffrey Chaucer, Shakespeare, and other authors of the 

Middle Ages contain numerous references to nutmeg and other 

spices (Parry, 1953). 

Interest in art, literature, education, religion, and 

science increased during the Renaissance. Navigators and 

explorers began to search for ways to break the Venetian 

control of the spice trade. In 1492, Christopher Columbus 

set off to discover a sea route to the Eastern Islands 
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described by Marco Polo. Although Columbus reported seeing 

nutmeg on several occasions, he never actually obtained any 

of the spice. His discoveries, however, opened the way for 

trade with the West Indies and the eventual introduction of 

nutmeg into Granada, which today exports the spice to all 

parts of the world (Parry, 1953). 

Honor and great wealth awaited the explorer who dis

covered a route for obtaining spices directly from the Spice 

Islands, and many navigators continued searching for such a 

route. In 1511, Alfonso de Albuquerque, a Portuguese 

explorer, captured the Moluccas and took over control of the 

spice trade. After exploring Java, Sumatra, and other 

islands, the Portuguese reached the Banda Islands, where 

they obtained cargoes of nutmeg and cloves. The Portuguese 

eventually settled on the island of Ternate, from which they 

dominated the East Indian spice trade for nearly 100 years 

(Parry, 1953; Purseglove et al., 1981). 

The Portuguese relinquished control of the world spice 

trade to the Dutch in 1619, after Cornelius Van Houtman was 

able to bring nutmeg, peppers, and cloves back to Holland 

from the East Indies (Parry, 1953). Dutch control of the 

East Indies, which lasted nearly 200 years, almost 

eliminated nutmeg. In an attempt to limit the production of 

the spice, the Dutch ordered the destruction of all nutmeg 

trees except for those on the islands of Amboyna and Banda. 

The intentional destruction of the trees reduced the 

production of nutmeg to one-quarter of that before the Dutch 
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conquest of the East Indies. Accumulated stores of nutmeg 

in Amsterdam also were burned (Purseglove et al., 1981). 

The result of this willfull destruction of nutmeg was to 

create a scarcity of the spice, driving the price up in the 

European markets and thus benefiting the Dutch East India 

Company shareholders (Parry, 1953). 

The fortunes of the Dutch East India Company began to 

suffer during the latter half of the 18th century. As the 

English took over control of spice ports in India, the 

French managed to spirit nutmeg, cinnamon, and clove plants 

out of the East Indies and transplant them into islands such 

as Reunion, Mauritius, and the Seychelles in the Indian 

Ocean and French Guiana in South America (Parry, 1953). In 

1795, the British took control of all Dutch possessions in 

the East Indies, and in 1799, the Dutch East India Company 

was dissolved (Parry, 1953). 

As British and French occupation of the East Indies 

grew, spices such as nutmeg were transplanted into other 

territories under the control of those two countries. 

Nutmeg was introduced into Penang in the late 1700's and by 

1836, about 30 plantations were producing the spice. 

Although Penang nutmeg was considered superior to Dutch 

nutmeg from the Moluccas, the Penang industry eventually 

declined, and the nutmeg supplies from that area are no 

longer important. Production of nutmeg was high for a time 

in both Ceylon and Singapore during the early 1800's, but 

attacks of Scolytid beetles and diseases during 1859-1866 



destroyed the nutmeg industry in those two countries 

(Purseglove et al., 1981). Nutmeg also was introduced to 

the West Indies in the 1800's. First taken to St. Vincent 

in 1802, nutmeg was cultivated in Trinidad in 1824, and 

eventually in Granada in 1843. By 1865, nutmeg from Granada 

was a major influence on both quantity and price on the 

world market, and that influence continues today. 

Nutmeg is grown in a variety of countries. Most West 

Indies islands, the Philippines, India, South America, and 

many Pacific islands have climatic conditions that favor 

growth of the spice. Today, about 40% of the world's supply 

of nutmeg comes from Granada, while the remaining 60% comes 

from Malaysia and Indonesia (Lewis, 1984). 

Nutmeg Production, Physical 
Characteristics, and Uses 

The nutmeg tree, Myristica fragrens Houtt, is an 

evergreen which may grow to 12 meters or more in height 

(Parry, 1953). The orange-yellow fruit is globular in shape 

and resembles a small peach (Parry, 1945). When ripe, the 

yellow pericarp splits open to reveal a hard, shiny, 

grayish-brown kernel (nutmeg) and a lacy, red aril (mace) 

(Parry, 1945; Purseglove et al., 1981). 

After removal from the husk, the unshelled nutmegs are 

dried in the sun or in special temperature-controlled 

buildings for one to eight weeks. The kernels, stirred 

daily to prevent fermentation, are allowed to dry until the 
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inner seed rattles. Shelling is accomplished either by hand 

or mechanically. 

Shelled nutmegs are grayish-brown in color and oval to 

spherical in shape. The sizes vary, generally ranging up to 

three centimeters long and two centimeters wide (Farrell, 

1985). The appearance of the kernels is wrinkled, with many 

longitudinal furrows, but they are smooth to the touch. 

Although nutmegs appear to be very hard, they are easily cut 

or grated. When cut transversely, many dark brown veins, 

which contain the aromatic nutmeg oil, become visible 

(Parry, 1945; Farrell, 1985). 

Although available to consumers in the whole form, the 

majority of nutmeg sold in the United States is in the 

ground form. United States Federal Specifications (1975) 

state that ground nutmeg shall be a dull brown color and 

should be uniformly ground so that at least 95% will pass 

through a U.S. Standard No. 20 sieve. Ground spices have 

many advantages for the food industry (Pruthi, 1980; Heath, 

1972) , including: 

1. slow flavor release in high-temperature 

processing, 

2. ease of handling and accurate weighing, 

3. no label declaration problems, 

4. improvement in aesthetic appeal, and 

5. greater economy in use, time, and labor 

for commercial users. 
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Heat generated during grinding at ambient temperatures, 

however, often results in loss of volatile flavors and 

moisture (Miller, 1951; Anonymous, 1962). Ambiently ground 

spices also tend to smear, cause blinding of impact mill 

screens, and cake onto roller mills (Anonymous, 1962). 

These problems may be particularly evident with high oil 

spices such as nutmeg. Several substitute techniques have 

been suggested for use in grinding those spices. 

Chill conditioning before grinding has been reported to 

increase throughput of spices by up to 20% and to decrease 

loss of spice volume due to shrinkage (Anonymous, 1962). 

Spices which had been chilled were more friable, grindable, 

and easier to mill than spices ground at ambient temper

atures, with no smearing, blinding, or coating of the mill. 

Less heat was built up during grinding of chill-conditioned 

spices, thereby reducing flavor loss. The chill-conditioned 

spices also were more brittle, resulting in easier shearing 

and size reduction. The use of chill conditioning was 

reported to be applicable to low-oil spices such as cinnamon 

as well as to high-oil spices such as nutmeg. 

Liquid nitrogen also has been used in the grinding of 

nutmeg. Miller (1951) indicated that cryogenic milling 

resulted in ground nutmeg with a fineness greater than 80 

mesh. The spice could be produced at high rates with no 

appreciable moisture loss. Wistreich and Schafer (1962) 

reported on the "Cryomill Process," a freeze-grinding 

procedure whereby controlled injection of liquid nitrogen 
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was used as a direct contact refrigerant. Instantaneous 

evaporation of the liquid nitrogen cooled both the spice and 

the mill, allowing temperatures as low as -73oC, and 

theoretically as low as -195.6oC, in the grinding zone. 

Those extremely cold temperatures resulted in solidification 

of spice oils, thus making the spices more brittle and 

permitting finer grinding. Cryogenically ground nutmeg also 

was said to have an obvious increase in aroma comparable to 

conventionally ground spice without any measureable weight 

loss. Russo (1976) indicated that regulating the 

temperature of cryogenic grinding at about -195.6oC was 

particularly useful with high-oil spices such as nutmeg. 

Such low temperatures resulted in less volatile oils being 

lost during grinding, thereby preserving the natural flavor 

strength per unit. 

Chemical Composition of Nutmeg 

Moisture 

United States Federal Specifications (1975) state that 

ground nutmeg must contain not more than 8.0% total 

moisture. Lewis (1984) reported an average moisture content 

of 7.7% for nutmeg. 

Minerals 

Literature information on the mineral content of nutmeg 

is limited. Christensen et al. (1968), however, employed 

direct reading emission spectroscopy to analyze nutmeg and 

29 other spices for 14 elements. Nutmeg was found to 
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contain, on the average, 2,000 ppm calcium, 2,000 ppm 

phosphorus, 4,100 ppm potassium, less than 100 ppm sodium, 

1,800 ppm magnesium, 8.7 ppm aluminum, 5.5 ppm barium, 22 

ppm iron, 3.9 ppm strontium, 7.7 ppm boron, 10.3 ppm copper, 

18.3 ppm zinc, 29 ppm manganese, and 3.7 ppm chromium. 

Volatile Oils 

Volatile oils, also known as essential oils, are the 

components of spices responsible for their characteristic 

aroma (Pruthi, 1980). Sterrett (1962a, b) has reviewed the 

production and chemical nature of essential oils. The 

essential oil of nutmeg is a pale yellow, thin liquid 

extracted by steam distillation from ground nutmeg or from 

whole nutmegs graded as shrivels, rejects, or broken and 

wormy (Lewis, 1984; Farrell, 1985). Volatile oil content of 

nutmeg has been reported to be 11.1% (Lewis, 1984), 7-15% 

(Parry, 1945), and 16% (Farrell, 1985). United States 

Federal Specifications (1975) require nutmeg to contain not 

less than 7.5% volatile oil. 

The continued growth of packaged and convenience foods 

has contributed to the increased use of essential oils as 

flavoring components (Downey and Eiserle, 1966). Quality 

and strength of flavor are therefore of prime importance. 

Both characteristics are related to chemical composition. 

Many reports of nutmeg oil composition are available in the 

literature. 

Datta et al. (1962) used gas chromatography to identify 

geographical origins of a variety of spices, including 
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nutmeg. Nutmeg oils from the East and West Indies were 

found to contain at least 25 different components. 

Geographical identification was possible by comparing the 

ratio of alpha-pinene to camphene in the oils. Two other 

fractions were identified as d-terpineol and myristicin. 

Shulgin (1963) studied the composition of the 

myristicin fraction of nutmeg oil. Although the fraction 

had been thought to be a single compound, that author 

reported the presence of several components isolated from 

the fraction. Isomerization of the myristicin fraction 

yielded trans-isomyristicin. Vapour phase chromatography of 

the liquid portion of that isomerization yielded four peaks. 

Two of the peaks were identified as methyl-isoeugenol and 

trans-isomyristicin. The remaining two peaks were further 

isolated using vapour phase chromatography and were 

tentatively identified as cis-isomyristicin and isoelemicin. 

The presence of elemicin in the original myristicin fraction 

was confirmed by separation of the compound from myristicin 

by low-temperature chromatography. An unresolved peak 

present in the original myristicin fraction was reported to 

by methyl-isoeugenol, but that was not confirmed. 

Shulgin and Kerlinger (1964) used gas-liquid chroma

tography to study the composition of three nutmeg oil 

fractions. Fractional distillation of oil of nutmeg yielded 

a fraction consisting primarily of terpenes, a fraction 

consisting mainly of myristicin and elemicin, and a fraction 

composed of the heavy oil obtained after removal of the 
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myristic acid. All three fractions were found to contain 

elemicin, myristicin, and isoeugenol. Fraction C also 

contained trans-isoelemicin, methoxyeugenol, and myristic 

acid. 

Gas chromatography also was used by Sammy and Nawar 

(1968) to identify major components of nutmeg oil. Those 

investigators identified ten monoterpene hydrocarbons, six 

monoterpene alcohols, one sesquiterpene, and five aromatic 

ethers in the oil. The occurrence of methyleugenol was 

reported to be the first verifiable identification of that 

compound in nutmeg oil. Identification of isoelemicin was 

tentative due to lack of an authentic sample for use in 

verification. Fourteen additional chromatographic peaks 

were found to be present in nutmeg oil, but were not 

identified. 

The effect of storage on the volatile composition of 

nutmeg was studied by Sanford and Heinz (1971). Gas-liquid 

chromatography and infrared and spectral data were used to 

identify components in six individual nutmegs and in ground 

nutmeg made from at least 16 nutmeg kernels. Results 

indicated extreme variability in volatile components between 

individual nutmegs which could not be attributed to 

extraction or chromatographic procedures. The volatile 

fractions of ground nutmeg stored at 40° for up to 48 hours 

were found to decrease over time, while the higher boiling 

compounds increased. Similar results were obtained for 

ground nutmeg stored at 37-40° for 11 months and for 
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commercially ground nutmeg stored at 37-40« for up to one 

year. Myristic acid, which increased in all samples with 

age, was thought to have been formed by hydrolysis of the 

esterified acid. Analysis of that component was suggested 

as a useful indicator of aging in ground nutmeg. The scale 

( <»C or OF) used to measure temperature was not identified, 

making interpretation of the results difficult. 

Eiserle and Rogers (1972) used gas chromatography to 

compare essential oils produced by steam distillation with 

those isolated from oleoresins. Nutmeg oils produced by 

steam distillation were found to contain greater quantities 

of low-boiling terpenes such as alpha-pinene, beta-pinene, 

and sabinene. Eugenol and other phenolic ether derivatives 

were at a much higher concentration in nutmeg oil produced 

from oleoresins. The greater stability of oleoresins as 

compared to essential oils was attributed to the higher 

concentrations of phenolic compounds, which are known to 

exhibit antioxidant activity. 

Salzer (1975) evaluated analytical techniques for a 

variety of essential oils, including nutmeg oil. Gas 

chromatography was reported to be the only accurate method 

for the separation of the components of nutmeg oil. About 

65-80% of the oil was reported to be terpenes, primarily 

alpha-pinene and sabinene. Myristicin, elemicin, and 

safrole, however, were reported to be the major components 

responsible for the spice flavor. The ratio of beta-pinene 
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to myristicin and safrole was suggested as a means of 

characterizing nutmeg oil. 

Baldry et al. (1976) used gas chromatography to 

separate components of nutmeg oils which had been distilled 

from nutmegs obtained from Granada (West Indian), Indonesia 

(East Indian), and three other locations. Forty components 

were detected in both the Granadan and Indonesian oils. 

Extra chromatographic peaks were detected in older oils and 

were attributed to autoxidation of monoterpenes. Twenty-

nine components were identified by infrared/retention time, 

with six of those components being previously unidentified 

in nutmeg oil. Composition of nutmeg oils from different 

geographical regions were reported to be similar in quality, 

but were found to differ substantially in quantity of 

volatiles present. West Indian oils were found to be low in 

alpha-pinene, safrole, and myristicin and high in sabinene 

when compared to East Indian oils. High concentrations of 

myristicin were found to be characteristic of the East 

Indian nutmeg oils, but considerable variation among 

individual oils was reported, with myristicin content 

ranging from 3.3 to 13.5%. 

Oleoresins and Nutmeg Butter 

Oleoresins are the component of spices which provide 

the typical taste and flavor (Pruthi, 1980). Generally 

prepared by extraction of a ground spice with a solvent, 

oleoresins are composed of a mixture of essential oils, 

resinous material, non-volatile fatty oils, and color 
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compounds (Pruthi, 1980). Advantages, disadvantages, and 

uses of oleoresins as flavoring ingredients have been 

discussed (Pruthi, 1980; Gilbertson, 1971; Downey and 

Eiserle, 1966). 

One of the most important aspects of oleoresin 

production is the choice of solvent used for extraction 

(Goldman, 1949; Pruthi, 1980). Many solvents, including 

methylene chloride, hexane, petroleum ether, ethylene 

dichloride, and acetone, are available for such extractions. 

The resulting oleoresin is dependent upon the solvent used. 

Pruthi (1980), for example, described turmeric oleoresins. 

When petroleum ether was used for extraction, a highly 

aromatic, fluid, light yellow oleoresin was produced. 

However, when turmeric was extracted with acetone, a bright 

yellow, hard, solid oleoresin with little of the 

characteristic odor resulted. Nutmeg apparently reacts 

similarly. Farrell (1985) reported nutmeg oleoresin to be a 

pale yellow oil containing some solids. A recent study, 

however (McKee and Harden, 1989), found that ground nutmeg 

extracted with acetone produced an oleoresin which was a 

solid, dark orange material with little of the typical 

nutmeg odor. Purseglove et al. (1981) reported that nutmeg 

oleoresin produced with hydrocarbon solvents contained 

higher fixed oil and resin contents than an oleoresin 

produced with a more polar solvent. 

Nutmeg butter, also known as concrete, may be produced 

by crushing nutmeg kernels between heated plates in the 
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presence of steam. The resulting product is an aromatic, 

orange-colored fat, with a butter-like consistency at room 

temperature (Purseglove et al., 1981). Nutmeg butter is not 

currently a major product of commerce, but it has been used 

in pharmaceuticals, soaps, and shampoos (Purseglove et al., 

1981). Although nutmeg butter is not of commercial 

interest, composition of the product has been reported. 

Power and Salway (1908) found that crushed nutmeg 

yielded 26.6% nutmeg butter when subjected to 1800 kilograms 

of pressure and heat. The nutmeg fat consisted largely of 

trimyristin and contained a high proportion of the volatile 

oil found in the original nutmeg. The nutmeg fat was 

reported to have a melting point of 48<»C, an acid value of 

11.2, a saponification value of 174.6, and an iodine value 

of 57.8. 

Nutmeg butter was found to contain 75% fatty residues 

and 25% volatile essential oils when subjected to steam 

distillation by Collin and Hilditch (1929, 1930). Those 

researchers fractionated nutmeg butter into solid and liquid 

portions. Composition of the solid portion was reported to 

be 60.1% myristic acid, 8.2% palmitic acid, 1.7% oleic acid, 

and 1.0% lauric acid. The liquid portion was largely 

unsaponifiable material, with 6.7% oleic acid, and smaller 

amounts of lauric, myristic, and linoleic acids. The total 

fat was reported to contain 86.8% myristic acid, 11.5% 

palmitic acid, and 1.7% lauric acid. 
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Pathak and Ojha (1957) used crystalization from acetone 

and ether to separate nutmeg butter into three fractions. 

Fraction A was found to contain 59.9% myristic acid, 8.2% 

palmitic acid, and small amounts of tetradecenoic and 

hexadecenoic acids. Fraction B was composed primarily of 

myristic acid (10.4%), with small amounts of lauric, 

palmitic, stearic, tetradecenoic, hexadecenoic, and octa-

decenoic acids present. Fraction C was composed of small 

amounts of myristic, palmitic, stearic, tetradecenoic, 

hexadecenoic, octadecenoic, and octadecadienoic acids. The 

whole fat was reported to have a saponification equivalent 

of 251.8 and an iodine value of 13.2. Fully saturated fatty 

acids accounted for 71.3% of the total fat composition. 

Sammy and Nawar (1968) used inter-esterification 

followed by gas chromatography and mass spectrometry to 

determine the fatty acid content of nutmeg fat. Composition 

of the nutmeg butter was reported to be 90.4% myristic acid, 

2.0% lauric acid, 2.2% palmitic acid, 3.9% oleic acid, and 

less than 1.0% tridecanoic, pentadecanoic, heptadecanoic, 

and stearic acids. Salzer (1975) confirmed those results, 

reporting the composition of nutmeg butter to be 90% 

saturated and 10% unsaturated fatty acids. 

Functional Properties of Nutmeg 

Nutmeg, as with many spices, is added to food products 

to provide flavor and aroma. Farrell (1985) described the 

flavor of nutmeg as bitter, warm, spicy, pungent, heavy, 

oily, and terpeney. The aroma was described as spicy, 
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warm, slightly camphoraceous, sweet, and penetrating. 

Organoleptic evaluations also have been conducted with 

nutmeg. 

Nanz et al. (1950) evaluated the flavor of natural 

ground spices, spice oils, oleoresins, natural spices added 

to dry salt or sugar, and commercial spice extracts on salt 

or sugar bases. A paired comparisons panel scoring method 

(Cartwright and Nanz, 1948) was used to compare flavor and 

aroma of spices/spice substitutes alone and in test foods. 

Results indicated that commercial spice extracts on salt or 

sugar bases had a very medicinal odor, and scores for those 

substitutes were an average of 21 points lower than for 

natural ground spices mixed with dry salt or sugar. When 

incorporated into plain white sauce, natural nutmeg received 

the highest possible score of 90. Commercial nutmeg extract 

on either a salt or sugar base had an average rating of only 

54 when incorporated into white sauce. Nutmeg oil was rated 

an 80 and nutmeg oil with emulsifying agent was rated a 72 

when tested in white sauce. Blind scoring of the nutmeg and 

nutmeg substitutes in white sauce also resulted in all 

substitutes being scored lower than the natural spice. 

Scores increased slightly when greater amounts of spice 

substitutes were added to white sauce, but were still far 

below the score for natural ground nutmeg. Similar results 

were obtained when the experiments were repeated in oil 

white sauce and in eggnog. The poorer quality in aroma and 

flavor of the spice substitutes was attributed to loss of 
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some flavor components during extraction and to alteration 

or deterioration of flavor due to adsorption bases or added 

emulsifiers. 

Flavor retention of natural spices, spice oils, and 

spice extracts after boiling and baking also was studied by 

Nanz and Cartwright (1951). Test foods included two types 

of boiled white sauce, boiled pumpkin, baked sweet rolls, 

and baked chopped ham. In all cases, natural nutmeg was 

found to be superior in aroma and flavor when compared to 

nutmeg extract on salt or sugar base, nutmeg oil, or nutmeg 

oil with emulsifying agents. They concluded that natural 

spices undergo less loss of flavor and aroma due to heat 

destruction and volatilization when compared to extracts at 

temperatures of 100^C. 

Tilgner (1962) used the dilution index method to 

quantify odor responses for nutmeg and eight other spices. 

A dilution index was defined as the actual amount of odor 

detected by the panelist; therefore the numerical value of 

the index increased as the odor intensity increased. Nutmeg 

was reported to have an odor dilution index of 1:15,000 to 

1:75,000. In comparison, allspice was reported to have an 

odor dilution index of 1:25,000 to 1:47,000, while cardamom 

was found to have an index of 1:100,000 to 1:110,000. 

Spices stored for three months in paper containers were 

found to have a 5 to 30% loss of aroma, while storage in 

glass was reported to result in less aroma loss. 
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Antioxidant Properties of Nutmeg 

Although highly valued for their flavor and aroma 

properties, spices have long been thought to aid in the 

preservation of foods. Microbiological contamination of 

spices and its affect on food quality and safety have been 

extensively studied. As demand for "natural" products has 

increased, so has interest in the antioxidant properties of 

spices. 

Sethi and Aggarwal (1950) studied the stabilizing 

effect of spices on heated groundnut oil. Refined groundnut 

oil was heated with a defined amount of spice up to a 

temperature of 275 to 280oC and then cooled and filtered. 

Peroxide and acid values were determined after the treated 

oil was subjected to a "swift stability test" at lOO^C for 

five hours. Spiced oil heated to 275oC reportedly had no 

perceptible taste or odor. A control oil heated to 275oC 

and aerated for five hours had a peroxide value of 76.90 and 

an acid value of 0.99. In comparison, oil containing 0.5% 

nutmeg had a peroxide value of 20.10 and an acid value of 

0.62 after treatment. When the quantity of nutmeg was 

increased to 1.50%, the peroxide value decreased to 10.70 

and the acid value decreased to 0.50. 

A comprehensive study of the antioxidant properties of 

spices was conducted by Chipault et al. (1952). In the 

initial phase of the study, the stabilizing effect of ground 

spices, as well as a petroleum ether fraction and an alcohol 

fraction of each spice, on lard was tested by the active 
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oxygen method. An antioxidant index for each spice and 

spice fraction was calculated by taking the ratio of the 

stability of the lard sample with spice to the stability of 

lard without spice. Ground nutmeg was found to have an 

index of 3.1, while the petroleum ether fraction had an 

index of 1.0 and the alcohol fraction an index of 2.2. When 

adjusted for concentration, the alcohol fraction had an 

index of 22.8. In comparison, allspice had indexes of 1.8 

(ground), 1.1 (petroleum ether), and 1.0 (alcohol), cinnamon 

1.3 (ground), 0.9 (petroleum ether), and 1.4 (alcohol), and 

rosemary 17.6 (ground), 2.2 (petroleum ether), and 5.5 

(alcohol) . 

The alcohol soluble fractions of nutmeg, oregano, sage, 

and rosemary were incorporated into lard at the 0.2% level 

alone and in combination with 0.1% citric acid in the second 

phase of the study by Chipault et al. (1952). Citric acid 

was found to have a synergistic antioxidant effect when used 

with nutmeg, rosemary, and sage. Nutmeg was the least 

effective of the three in stabilizing the lard. They 

concluded that the antioxidant effect of the spices used in 

the study was probably due to the phenol and aromatic amine 

contents. 

In a third phase of their study, Chipault et al. (1952) 

tested the antioxidant effects of 35 spices in pie crusts. 

Nutmeg was reported to have an antioxidant index of 1.44, 

indicating only a slight antioxidant capacity. The 

stabilizing effect of nutmeg in pie crust was not as great 



25 

as in lard alone, which was attributed to destruction of the 

antioxidant compounds during preparation of the crusts. 

Sahasrabudhe and Bhatia (1953) studied the antioxidant 

properties of freshly ground and roasted spices in cold oil 

and in oil heated to lOO^C and 250°C. Time required for the 

fats to reach a peroxide value of 100 meq/kg as determined 

by the active oxygen method was used as a basis for 

comparison. Oil heated to lOQoC was stable for 8.6 hours, 

while that heated to 250oC remained stable for 8.5 hours. 

Addition of 1.0% nutmeg increased the hours of stability to 

10.6, while 1.3% nutmeg increased the stability to 13.5 

hours. 

Many spices are used in fat-containing products which 

are not subjected to heat. Chipault et al. (1955) 

investigated the antioxidant properties of spices in oil-in-

water emulsions. Stability of samples was measured by 

oxygen absorption using a Warburg apparatus. Nutmeg was 

found to have a mean stability of 211 hours and an anti

oxidant index of 9.2. In comparison, mean stability was 23 

hours for the control, 64.5 hours for cardamom, 142 hours 

for cinnamon, and 1228 hours for cloves. 

Chipault et al. (1956) also studied the antioxidant 

properties of nutmeg and other spices in ground pork frozen 

at -5oC to -150C, in two types of mayonnaise, and in French 

dressing. In pork, stability was taken as the time required 

for the fat to reach a peroxide value of 20 meq/kg. Nutmeg 

was reported to be quite effective in preventing peroxide 
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formation in the meat. In mayonnaise, stability was 

arbitrarily taken as the time required for the sample to 

reach a peroxide value of 20 meq/kg. Nutmeg was one of the 

least effective spices in that medium, with an antioxidant 

index of only 0.9. Although French dressing also was 

studied, nutmeg was not tested in that food product. 

Summary 

Spices are important ingredients in a variety of 

processed and homemade foods. The availability of 

seasonings from all corners of the world has helped move 

spices away from gourmet cooking and into the realm of 

everyday living. Although many spices are grown in the 

United States, nutmeg is one spice which must be imported. 

Whole nutmeg is available to American consumers, but 

ground nutmeg is the more popular form of the spice. Nutmeg 

composition, including moisture, minerals, volatile oils, 

oleoresins, and nutmeg butter, has been investigated. 

Flavor and aroma of ground nutmeg alone and in a number of 

test foods also has been studied. The antioxidant capacity 

of nutmeg has been evaluated in oil, lard, pie crusts, pork, 

and mayonnaise. 

Much information is available on the composition and 

chemical properties of nutmeg. Grinding techniques such as 

chill conditioning before milling and cryogenic grinding may 

help retain and enhance some of those properties. Little 

scientific research has been conducted, however, on the 

effects of grinding procedure on such properties. Since 
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ground nutmeg is popular with consumers and food 

manufacturers, the effects of various milling techniques on 

composition and antioxidant properties of nutmeg should be 

investigated. 
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CHAPTER III 

MICROBIOLOGICAL ASPECTS OF 

NUTMEG: A REVIEW 

Introduction 

Quality preservation of foods is one of the leading 

concerns of food manufacturers. Pasteurization of milk, 

pickling and smoking of meats, canning and drying of fruits 

and vegetables, and the addition of antimycotics, anti

microbial agents, and other additives to a variety of food 

products are some of the methods used to destroy or 

inactivate contaminating microorganisms. Microbial con

tamination of foods may be due to processing procedures, 

equipment, improper handling, packaging, or storage. The 

addition of ingredients such as spices also may result in 

microbial contamination of food products. 

Spices are incorporated into food products to provide 

and/or enhance flavor and aroma. Many spices, however, are 

known to harbor large numbers of bacteria, yeasts, and 

molds. Probable counts of more than 300,000 total 

bacteria/g have been reported for whole black pepper, curry 

powder, ginger, cake and pastry spice, crushed red pepper, 

and chili powder (James, 1938). Probable counts of more 

than 300,000 yeasts and molds have been reported for whole 

black pepper, whole celery seed, and allspice (James, 1938). 

31 
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Microbial counts for various spices also have been reported 

by Krishnaswamy et al. (1971), Vajdi and Pereira (1973), 

Guarino (1974), and Powers et al. (1975). 

A variety of methods have been developed to reduce the 

microbial contamination present in spices. James (1931) 

successfully sterilized mustard, cloves, and cinnamon by 

exposing the spices to formaldehyde for several hours, 

followed by removal of the formaldehyde by aeration. Hall 

(1938) investigated the use of heat, electrical treatment, 

ethylene oxide, or ethylene oxide plus carbon dioxide for 

microbial reduction in spices. Ethylene oxide alone was 

found to be the most effective treatment, with percent kill 

ranging from 86.3 to 97.7. Pruthi (1980) reported on a 

study by Yesair and Cameron (1938) in which formaldehyde, 

ethylene oxide, ethyl formate, heat, or ether were used to 

reduce microbial populations in spices. Ethyl formate and 

ether were found to be only slightly germicidal, while 

exposure to formaldehyde reduced the total vegetative cell 

count by one-half. Use of heat with the formaldehyde 

increased the effectiveness of the treatment. Ethylene 

oxide reduced total microbial counts by more than 99%. Such 

studies have led to the use of ethylene oxide as the 

predominant spice sterilization treatment. McBride (1938) 

and Farrell (1985) have described the process of spice 

sterilization with ethylene oxide. 

Enumeration of bacteria, molds, yeasts, and other 

microorganisms has been conducted on cinnamon, black pepper, 
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allspice, coriander, and other spices. Researchers also 

have investigated the preservative properties of such spices 

as mustard, cloves, cinnamon, and peppers. Another spice 

that has been studied is nutmeg. 

Microbial Contamination of Nutmeg 

James (1938) investigated the microbial content of 

whole and ground nutmeg and 53 other spices. Whole nutmeg 

was found to have a total bacterial count of 3,000 CFU/g. 

Ground nutmeg, however, was found to have 53,000 bacteria/g. 

Although whole nutmeg was reported to have no molds, yeasts, 

or flat-sour thermophiles, ground nutmeg was found to have 

11,000 yeasts and molds/g and 200 flat-sour thermophiles/g. 

Treatment with ethylene oxide reduced the total bacterial 

count in whole nutmeg to 2,500 and in ground nutmeg to 2,800 

CFU/g. Yeasts and molds were reduced to 2,300 CFU/g and 

flat-sour thermophiles decreased to zero in ground nutmeg 

treated with the gas. 

Ground nutmeg was reported to have 10,000 bacteria/g 

and 110 yeasts and molds/g by Hall (1938). Complete 

sterilization was achieved when the nutmeg was autoclaved 

for one hour at 120oC in a 2.25-kilogram can. When ground 

nutmeg was autoclaved in a 11.25-kilogram can under the same 

conditions, only the top layer was found to be sterile. The 

middle layer of nutmeg was reported to contain 22,000 

bacteria/g, while the bottom layer contained 8,850 

bacteria/g. Although heat was effective in reducing 

microbial loads, prolonged high-temperature treatment 
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resulted in color changes in many samples and an average 

loss of 15% in spice strength. 

The role of spices in pickled foods was investigated by 

Fabian et al. (1939). They found that ground nutmeg had a 

total bacterial count of 1,200,000 CFU/g, of which 10,000 

CFU/g were acid colonies, 20,000 CFU/g were peptonizer 

colonies, and 1,170,000 CFU/g were alkali and inert 

colonies. The authors concluded from results of several 

different plating procedures that the bacteria were found 

mostly on the spice surfaces. 

Yesair and Williams (1942) studied spice contamination 

and its control. Three types of nutmeg were included in the 

study. Whole East Indian nutmeg had a total bacterial count 

of 1,875 CFU/g, while ground East Indian nutmeg contained 

only 1,200 bacteria/g. A sample of nutmeg of unspecified 

origin had an average total bacterial count of 1,500 CFU/g. 

Acid tolerant bacterial counts were zero (whole East 

Indian), 600 CFU/g (ground East Indian), and 0 to 2,000 

CFU/g (ground-unspecified). None of the nutmeg samples 

contained gas-forming spores. Total spore-forming bacteria 

was zero for both types of East Indian nutmeg, but ground 

nutmeg of unspecified origin had a total spore count of 100 

to 1,200 CFU/g. Mold counts were reported to be 13 CFU/g 

for whole East Indian nutmeg, 700 CFU/g for ground East 

Indian nutmeg, and 1,600 to 5,000 CFU/g for nutmeg of 

unspecified origin. 
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The effect of irradiation on microbial content of 

spices was investigated by Proctor et al. (1950). Aerobic 

mesophilic bacteria were reported to be 2,500 CFU/g and 

aerobic thermophilic microorganisms were 400 CFU/g before 

treatment. An irradiation dosage of 1.33x10 6 roentgen-

equivalents-physical (rep) resulted in sterilization of the 

nutmeg. Nutmeg was the only spice tested which did not 

contain anaerobic bacteria. 

Hall (1951) reported some typical microorganism counts 

for 24 commercial spices. West Indian ground nutmeg had a 

mesophilic bacterial count of 10,000 CFU/g and a yeast and 

mold count of 1,200 CFU/g. Treatment with ethylene oxide 

resulted in both bacterial and yeast and mold counts being 

reduced to zero. 

Wright et al. (1954) investigated the effect of spices 

on gas production in yeast fermentation. Nutmeg used in the 

study contained 26,000 bacteria/g and 30 molds/g. After 

treatment with ethylene oxide, bacteria had been reduced to 

30 CFU/g and molds had been reduced to zero. 

The effect of electron beam irradiation on the 

microbial content of spices was studied by Lerke and Farber 

(1960). Before treatment, nutmeg was reported to have an 

average bacterial count of 2,550 CFU/g and a yeast and mold 

count of 2,130 CFU/g. Treatment with an irradiation dose of 

2 megarep reduced all microorganisms to zero. 

Julseth and Deibel (1974) determined a partial 

microbial profile for a variety of spices including nutmeg. 
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Four samples of nutmeg from Indonesia, three samples from 

the East Indies, two samples from the West Indies, and one 

sample of nutmeg from East India were used in the study. 

Total bacterial counts most often fell in the 1,000 to 

10,000 CFU/g range. The majority of bacterial spore counts 

also fell within that range. Nine out of the 10 nutmeg 

samples had mold and yeast counts of less than 10 CFU/g. 

Eight out of 10 samples also were found to have less than 10 

thermophilic anaerobes/g. Four nutmeg samples had less than 

1,000 proteolytic microorganisms/g, while four others had 

between 1,000 and 10,000 CFU/g. Seven of the nutmeg samples 

were found to contain 1,000 to 10,000 amyolytic organisms/g. 

No Salmonella or Staphylococcus aureus were detected in any 

of the nutmeg samples. 

Preservative Action of Nutmeg 

For centuries, spices have been considered to provide 

some preservative properties to foods. Webb and Tanner 

(1945) reported that the Ebers Papyrus, a medical record, 

attested to the use of spices by the Egyptians around 1550 

B.C. Later writings detailed the use of such spices as 

preservatives. A number of studies have demonstrated some 

preservative action by spices. Chamberland (1887), for 

example, demonstrated the lethal effect of cinnamon oil on 

anthrax spores, while Grove (1918) was able to preserve 

tomato sauce with extracts of cinnamon and cloves. Several 

studies also have included nutmeg. 
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Hoffmann and Evans (1911) investigated the use of 

spices as alternative preservatives to sodium benzoate. 

Spice was added to applesauce, and the mixture was steamed 

for 30 minutes. The flasks were allowed to stand open at 

room temperature for several days and then corked. The 

first appearance of mold was taken as the days of stability. 

Control applesauce was stable for four days. The addition 

of 2.5% nutmeg increased the stability to five days. 

Applesauce containing 5.05% nutmeg had a stability of six 

days, while that containing 7.5% nutmeg was stable for seven 

days. Ten percent nutmeg increased the applesauce stability 

to 16 days and the addition of 15.0% nutmeg resulted in a 

stability of 27 days. In comparison, applesauce containing 

cinnamon or cloves at any level was stable for 14 months. 

The authors concluded that nutmeg was valuable only in 

delaying microbial growth. 

Bachmann (1916) studied the inhibitory action of ground 

spices, alcohol extracts, essential oils, and active 

principles. Nutmeg was tested in the ground form against 

Alternaria, Penicillium, Rhizopus, Aspergillus, Bacillus 

prodigiosus, Bacillus coli, and Bacillus subtilis. The 

spice was found to have no antimicrobial action against any 

of the microorganisms used in the study. Nutmeg oleoresin 

had no antiseptic value against bacteria at a dilution of 

1:1,000, nor against mold at a dilution of 1:500. However, 

a dilution of 1:200 was found to inhibit mold growth. 
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The inhibitory effect of spices against yeast spoilage 

in fermentable food products was investigated by Corran and 

Edgar (1933). Spice concentrations of 1:100 and 1:400 were 

tested in unhopped beer wort containing 0.5% yeast. Control 

samples were found to have an 85% loss of glucose. Addition 

of nutmeg produced no inhibition of the yeast fermentation. 

Webb and Tanner (1945) also investigated the effect of 

spices on yeast growth. Eleven spices were tested against 

eight yeasts at 1:50 and 1:100 dilutions in dextrose broth. 

Inhibition or presence of growth was recorded after 

incubation of samples for seven days at room temperature 

(25°C). Nutmeg was found to have no inhibitory action 

against any of the yeasts used in the study. 

The effect of ground spices and spice oils on yeast 

fermentation rate was studied by Wright et al. (1954). 

Essential oil of nutmeg was found to depress gas production 

as the level of oil increased. Ground nutmeg, however, was 

found to increase gas production as level of spice 

increased. Nutmeg which had been autoclaved also promoted 

gas production, but to a lesser extent than the original 

spice. Enhanced gas production was reportedly not due to 

accelerated yeast proliferation. 

Maruzzella (1960) investigated the anti-fungal 

properties of 114 essential oil vapors. Nutmeg oil vapor 

(West Indies) prevented growth of Rhizopus nigricans and 

Phoma betae (zone of inhibition=90 mm). Nutmeg oil vapor 

from East Indian nutmeg produced a zone of inhibition of 
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60 mm against R, nigricans, 70 mm against P. betae, and 

smaller inhibition zones against Fusarium oxysporium f. 

lycopersici, Candida albicans, and Saccharomyces cereviseae. 

Nutmeg oil vapor from West Indian nutmeg also produced some 

inhibition of C. albicans and 5. cereviseae, but was 

ineffective against F. oxysporium f. lycopersici. 

A recent study by Hall and Maurer (1986) investigated 

the effects of several spice extracts on Clostridium 

botulinum toxin production in turkey frankfurter slurries. 

Inhibition of toxin production was evaluated by injecting a 

supernatant from each slurry into male rats and calculating 

percent mortality. A concentration of 125 ppm nutmeg 

extract was found to be effective in controlling the toxin 

production. In contrast, a concentration of only 31 ppm 

mace extract was effective in inhibiting toxin production. 

Summary 

Spices are incorporated into food products to provide 

flavor and aroma. The high numbers of microorganisms often 

carried on spices, reported to be 300,000 CFU/g and more, 

may result in contamination of the food products to which 

the spices are added. On the other hand, spices such as 

mustard and cinnamon may provide preservative properties to 

food products. 

The microbial properties of both whole and ground 

nutmeg have been investigated. Bacterial counts for the 

spice range from 1,875 to 1,200,000 CFU/g and yeast and mold 

counts range from 0 to 11,000 CFU/g. The preservative 
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properties of ground nutmeg have been tested in a number of 

food products, but little inhibitory action has been 

associated with the spice. 

Many studies have noted increased microbial counts in 

ground nutmeg when compared to the original whole spice. 

Little information is available, however, on the effects of 

various grinding procedures on the microbial properties of 

nutmeg. The popularity of ground nutmeg suggests a need for 

more comprehensive research into the enumeration and 

identification of microorganisms in nutmeg ground by various 

milling techniques. 
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CHAPTER IV 

COMPOSITION AND ANTIOXIDANT CAPACITY OF 

NUTMEG GROUND BY AMBIENT, CHILLED, 

AND LIQUID NITROGEN METHODS 

Introduction 

Nutmeg is the grayish-brown, wrinkled kernel of the 

fruit of the Myristica fragrens Houtt tree. The spherical 

to oval shaped kernels appear hard, but are easily grated. 

When cut transversely, many dark brown veins, containing the 

volatile oil, become visible (Parry, 1945; Farrell, 1985). 

Although whole nutmeg is available in many American 

grocery stores, the majority of the nutmeg sold in the 

United States is in the ground form. The high oil content 

of this spice, which has been reported to range from 7 to 

16% (Parry, 1945; Lewis, 1984; Farrell, 1985) reduces 

grinding efficiency. Heat generated during grinding at 

ambient temperatures often results in loss of volatile 

flavors and moisture, and may cause smearing, blinding, or 

caking of the grinder (Miller, 1951; Anonymous, 1962). Such 

problems have led to the development of several other 

grinding techniques suitable for high-oil spices such as 

nutmeg. Chill conditioning of spices at refrigeration 

temperatures before grinding (Anonymous, 1962) and cryogenic 

milling (Miller, 1951; Wistreich and Schafer, 1962; Russo, 

43 
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1976) are two techniques which have been reported to improve 

grinding efficiency of nutmeg with minimal loss of volatile 

oils and moisture. 

Several recent studies have compared spices ground by 

ambient and cryogenic methods. Pesek et al. (1985) 

investigated the differences in the amounts and kinds of 

volatiles in spices ground by cryogenic and ambient methods. 

Pesek and Wilson (1986) reported that cryogenically milled 

spices were lighter in color than ambiently milled spices. 

Little other quantitative work has been conducted on the 

effect of various grinding techniques on spices such as 

nutmeg. 

Many processed food products contain antioxidants such 

as butylated hydroxyanisole (BHA) and butylated hydroxy-

toluene (BHT) to slow rancidity development. The increasing 

demand for products made without such synthetic additives 

has forced food manufacturers to seek "natural" alter

natives. A series of studies by Chipault et al. (1952, 

1955, 1956) found that many spices provide some antioxidant 

properties to various food products. Chang et al. (1977) 

prepared bland natural antioxidants from rosemary and sage, 

and Krammer (1985) has studied antioxidants present in 

cloves. Limited work has been conducted on the antioxidant 

capacity of nutmeg and no literature has been located on the 

effect of grinding technique on antioxidant capacity of any 

spice. Therefore, the objectives of this study were to 
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investigate the composition and antioxidant capacity of 

nutmeg ground by ambient, chilled, and liquid nitrogen 

methods. 

Materials and Methods 

Spice Samples 

Samples of cracked nutmeg (about 22 kilograms each) 

were obtained from Saratoga Specialties (Elmhurst, IL), 

Presco Food Products, Inc. (Flemington, NJ), and Farmer 

Brothers Co. (Torrance, CA). Samples were mixed by 

continuously turning the bags by hand for five minutes. 

Since the original nutmeg samples were obviously different 

in appearance, about 2.25 kg of each sample were combined to 

form nine 6.75-kg experimental units. Three experimental 

units were randomly assigned to each grinding treatment. 

Those units assigned to the chilled treatment were stored in 

sealed, plastic bags in an upright, home-type refrigerator 

(Tappan) at +̂ 4oC for 14 days before grinding. All remaining 

samples were stored in sealed, plastic bags at room 

temperature (25oC) for 14 days before grinding. 

One experimental unit from each treatment was ground on 

each of three consecutive days. Ambient (A) samples were 

ground at room temperature (25oC). Chilled (C) samples were 

placed in StyrofoamT™ coolers and ground as quickly as 

possible after removal from the refrigerator. Liquid 

nitrogen (L) samples were placed in StyrofoamTm coolers, and 

enough liquid nitrogen (about two liters) was poured over 
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the nutmeg to completely cover the sample- Coolers were 

kept covered during the grinding operation. 

A Wiley Cutting Mill (Model 4) fitted with a screen 

with two millimeter openings, was used to grind all samples. 

On each day of processing, the ambient sample was ground 

first, followed by the chilled sample and then the cryogenic 

sample. The mill was disassembled and cleaned after each 

sample was ground. All grinder parts were scraped, brushed 

with a wire brush, and then scrubbed with liquid dish soap 

and hot water. After rinsing, drying, and reassembling the 

grinder, one liter of acetone was poured through the hopper 

to sterilize the apparatus. The mill was allowed to run for 

five minutes to dry all parts. 

Each ground nutmeg sample was collected in a large vat 

that had been sterilized with acetone. Temperature of the 

ground nutmeg was taken continuously by placing a standard 

laboratory thermometer directly under the outlet spout of 

the grinder. The highest temperature (̂ C) reached during 

grinding of each batch was recorded. After stirring the 

batch by hand with a large, sterile spoon for five minutes, 

the ground nutmeg was distributed into sterilized, labeled 

pint Mason jars. Three randomly selected jars from each 

experimental unit were stored at room temperature (25oC) for 

microbiological examination. All remaining jars of nutmeg 

were stored in a chest freezer at -IQoC until laboratory 

analysis could be performed. Jars of nutmeg used in each 
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analysis were allowed to thaw unopened at room temperature 

(25 0C) for at least one hour before testing. 

Particle Size 

Distribution of particle sizes in nutmeg samples ground 

by ambient, chilled, and liquid nitrogen methods was 

determined using a Ro-Tap Mechanical Shaker, Model B (Tyler 

Industrial Products, Mentor, Ohio). Tyler screens with 

meshes of 8 per 2.5 cm (opening=0.233 cm), 14 per 2.5 cm 

(opening=0.115 cm) and 28 per 2.5 cm (opening=0.058 cm) were 

used in the evaluations. A 50 g sample of ground nutmeg and 

a shaking time of 8 minutes were used for each analysis. 

The percent retained on each screen and the pan was 

recorded, and the modulus of uniformity (Pfost and Headley, 

1970) and the modulus of fineness (Pfost and Headley, 1970) 

were calculated for each sample (see Appendix A ) . 

Moisture 

Moisture was determined using American Spice Trade 

Association (ASTA) Method 2.0 (ASTA, 1985). A 40 g sample 

of nutmeg and 75 ml of toluene were used for each 

determination. 

Steam Vr>1?^tile Oils 

ASTA Method 5.0 (ASTA, 1985) was used for all steam 

volatile oil determinations. Fifty gram nutmeg samples in 

500 ml of distilled water were used for each analysis. 
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Oleoresins 

The percent oleoresin in each sample was determined by 

Soxhlet extraction (Betz, 1988). Thiry-five grams of nutmeg 

were weighed into a thimble and placed in the Soxhlet sample 

holder. The 250 ml flask was weighed on an analytical 

balance (Sartorius) before filling with acetone. The 

apparatus was assembled and allowed to reflux for four 

hours. The flask was placed in a hot water bath and the 

acetone evaporated under a hood until the acetone odor was 

no longer detectable by a sniff test. The flask plus 

oleoresin was reweighed and percent oleoresin was calculated 

using the formula: 

(wt. flask + oleoresin) - wt. flask X 100 
% oleoresin = grams of nutmeg sample 

All glassware was cleaned with a chromic/sulfuric acid 

cleaning solution and rinsed before each analysis. 

A Shimadzu UV-160 Recording Spectrophotometer was used 

to evaluate oleoresin color using the procedure of Anonymous 

(1970). A pure nutmeg oleoresin sample (J. Manheimer, Inc.) 

was used to prepare a series of standard solutions with 

concentrations of 0, 0.2515, 0.5025, 0.7498, 1.0000, and 

1.2510 g/100 ml. Acetone was used as the solvent. The 

1.0000 g/100 ml solution was scanned to determine the 

appropriate wavelength for analysis and a working curve was 

produced from the standard solutions. Information obtained 

from the standard solutions indicated 420 nm to be the most 
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appropriate wavelength for analysis. One milliliter of each 

oleoresin sample was diluted with acetone to 100 ml in a 

volumetric flask and then analyzed at 420 nm to determine 

absorbance values. Since the exact species being measured 

were unknown, a color equivalent (g/100 ml) was calculated 

to indicate the amount of color compound in each sample 

relative to the standard curve. 

Antioxidant Capacity 

Antioxidant capacity of the ground nutmeg samples was 

evaluated in salad dressing by peroxide value deter

minations. To prepare each 1000 g batch of dressing (Table 

4.1), the xanthan gum, propylene glycol alginate, and 100 g 

of soybean oil were shaken together in a small Mason jar. 

The water (54oC) was poured into the bowl of a KitchenAid 

K45SS mixer fitted with the wire whip attachment. The mixer 

was set at speed two, the sugar was added, and the solution 

was mixed for two minutes. The gum/oil slurry was added and 

the mixture was beaten for three minutes. After scraping 

down the bowl, the vinegar and salt were added and the 

mixture was beaten at speed two for three minutes. The 

remaining 460 g of soybean oil was slowly poured in while 

the mixer was running. The dressing was mixed for three 

minutes after addition of the oil was completed. Five 

hundred grams of dressing were weighed into a sterile pint 

Mason jar. The ground nutmeg was added to the remaining 500 

g of dressing, the emulsion was mixed on speed one for one 

minute, and the spiced dressing was poured into a sterile 



TABLE 4.1. Salad dressing formula 
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Ingredient 

Soybean oil* 

Water 

120 gr vinegar 

Granulated sugar 

Salt 

Xanthan gum 

Propylene glycol alginate (PGA) 

Nutmeg 

Percent 

56.00 

27.00 

7.30 

6.20 

2.50 

0.50 

0.50 

0.25 

Amount (g) 

560.0 

270.0 

7 3 . 

6 2 . 

2 5 . 

5. 

5 , 

2, 

,0 

,0 

,0 

.0 

.0 

.5 

«RBD (refined, bleached, deodorized) oil provided by Frito-
Lay, Inc. from Conway Oil Co., Dennison, TX. 
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pint Mason jar. All salad dressing samples were stored in 

the dark at room temperature (25oC) and were shaken by hand 

once daily for 10 seconds. 

Peroxide values were determined iodometrically 

(Chipault et al. , 1956). Each dressing sample was tested 

initially and then monthly for six consecutive months. 

After shaking the sample for 10 seconds, two grams of 

dressing were weighed into a 125 ml Erlenmeyer flask. Two 

grams of anhydrous MgS04 were added and the mixture stirred 

for two minutes with a glass stirring rod. After standing 

for 30 minutes, the MgS04 mixture was moistened with about 5 

ml of peroxide solvent (acetic acid:chloroform, 3:2) and 

crushed with a stirring rod to a thin paste. The remaining 

12.6 ml of peroxide solvent (total=17.6 ml) were stirred in 

and the mixture allowed to stand for 30 minutes with 

occasional stirring. A saturated KI solution (0.5 ml) was 

added and the mixture allowed to stand two minutes. Thirty 

milliliters of distilled water were added and the solution 

was immediately titrated with O.OIN NaaSaOa. All analytical 

solutions were prepared and tested each month before 

peroxide values were determined. 

Statistical Analysis 

A randomized block design with a 3x3 factorial 

arrangement of treatments was used for the particle size and 

nutmeg composition determinations. Data were analyzed by 

analysis of variance using the General Linear Model 

procedure (SAS, 1986). Data from the steam volatile oil and 
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oleoresin color determinations also were analyzed by 

orthogonal contrasts (A vs. C+L and C vs. L). 

A randomized block-split plot design with a 3x2x3x7 

factorial arrangement of treatments was used for the 

antioxidant capacity determinations. Data were analyzed 

using BMDP (BMDP, 1988). 

Analysis of variance tables are in Appendix Tables B.l 

through B.5. 

Results and Discussion 

Particle Size 

The modulus of uniformity ratios are shown in Table 

4.2. The greatest proportion of samples ground by any of 

the three methods fell into the "medium" particle category. 

Results of the modulus of fineness determinations are 

shown in Figure 4.1. The modulus of fineness for nutmeg 

ground by the ambient (3.38), chilled (3.42), and liquid 

nitrogen (3.46) methods were not different (P>0.05). Both 

the grinding equipment and the differences in the degree of 

cracking of the original nutmeg samples probably influenced 

the particle size results. 

Moisture 

Results of the moisture determinations are shown in 

Figure 4.2. The moisture content of nutmeg ground by the 

ambient (6.9%), chilled (6.8%), and liquid nitrogen (6.8%) 

methods were not different (P>0.05). The overall average 
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TABLE 4.2 The modulus of uniformity ratios for 
each method of grind and batch 

Grind Batch 

1 

2 

3 

Modulus of Uniformity Ratios 
Coarse Medium Fine 

2 

2 

1 

6 

7 

7 

2 

1 

2 

1 

2 

3 

1 

2 

1 

8 

7 

7 

1 

1 

2 

1 

2 

3 

2 

1.5 

1.5 

7 

7.5 

6.5 

1 

1 

2 
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Figure 4.1. The modulus of fineness (P>0.05) of nutmeg 
ground by ambient, chilled, and liquid nitrogen methods 
(pooled standard error, 0.09; n=2 for each grinding 
method). 
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Figure 4.2. The percentage of moisture (P>0.05) in 
nutmeg ground by ambient, chilled, and liquid nitrogen 
methods (pooled standard error, 0.28; n=6 for each 
grinding method). 
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moisture content of 6.8% was below the 7.7% average reported 

for nutmeg by Lewis (1984). 

Steam Volatile Oils 

Results of the steam volatile oil determinations are 

shown in Figure 4.3. The steam volatile oil content of 

nutmeg ground by the ambient (5.8%) method was different 

(P<0.05) from that ground under colder conditions (chilled 

and liquid nitrogen, 5.4%). There was no difference 

(P>0.05) in the steam volatile oil content of nutmeg ground 

by the chilled (5.5%) and liquid nitrogen (5.3%) methods. 

Several factors may have influenced the steam volatile 

oil analyses. Sanford and Heinz (1971) reported extreme 

variability in steam volatile oil content between individual 

nutmeg kernels. The differences in the degree of cracking 

of the original nutmeg samples probably resulted in 

different amounts of volatile oils being lost during the 

cracking procedure. The highest temperature reached during 

grinding of ambient (430C), chilled (38oC), and liquid 

nitrogen (33oC) nutmeg samples spanned a much narrower range 

than might have been achieved in an industrial grinding 

operation. As a result, loss of volatiles could have been 

much lower from ambient samples and much higher from liquid 

nitrogen samples than would be expected in industrial 

samples. 





Figure 4.3. The percentage of steam volatile oils (A 
vs. C + L, P<0.05; C vs. L, P>0.05) in nutmeg ground by 
ambient, chilled, and liquid nitrogen methods (pooled 
standard error, 0.24; n=9 for each grinding method). 
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Oleoresins 

Results of the percent oleoresin determinations are 

shown in Figure 4.4. The effect of grinding method on the 

percent oleoresin was dependent on batch as indicated by the 

grind x batch interaction. The percentage of oleoresin in 

nutmeg ground by the ambient method was 46.3% for Batch 1, 

decreased to 20.1% for Batch 2, then increased to 30.5% for 

Batch 3. The percentage of oleoresin in nutmeg ground by 

the chilled method increased from Batch 1 (22.3%) to Batch 2 

(29.5%) to Batch 3 (33.3%). Nutmeg ground by the liquid 

nitrogen method had a more consistent percentage of 

oleoresin across Batch 1 (34.7%), Batch 2 (35.8%) and Batch 

3 (34.3%). 

The variance for the percent oleoresin of nutmeg ground 

by the ambient method (147.32) was much greater than that 

for nutmeg ground by either the chilled (23.77) or liquid 

nitrogen (6.65) methods. However, Bartlett's test (Steel 

and Torrie, 1980) indicated that the variances were not 

heterogeneous. 

The ambient grinding method may cause "clumping" of 

oils and resins within a batch of nutmeg. Such clumping 

could explain the greater variations in the percent 

oleoresin noted between batches of nutmeg ground by that 

method. The grinding method using liquid nitrogen seemed 

to produce nutmeg with a more even distribution of 

oleoresins throughout each batch. The use of liquid 

nitrogen during grinding could therefore be useful in the 
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Figure 4.4. The interaction of grinding method with 
batch on percentage of oleoresins in ground nutmeg 
(pooled standard error, 2.16; n=2 for each mean). 
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day-to-day production of ground nutmeg with consistent 

distribution of oleoresins. 

Results of the oleoresin color determinations are shown 

in Figure 4.5. The color equivalent of nutmeg ground by the 

chilled method (0.748 g/100 ml) was different (P<0.05) from 

that ground by the liquid nitrogen method (0.969 g/100 ml). 

The color equivalent of nutmeg ground by the ambient method 

(0.902 g/100 ml) was not different (P>0.05) from that of 

nutmeg ground under colder conditions (chilled and liquid 

nitrogen, 0.859 g/100 ml). 

Antioxidant Evaluation 

Results of the peroxide value determinations are shown 

in Figures 4.6 and 4.7. The addition of nutmeg had a slight 

antioxidant effect when tested in salad dressing (Figure 

4.6). Chipault et al. (1956) reported that nutmeg had a 

slight prooxidant effect when tested in mayonnaise. Since 

the effect of nutmeg on oxidation in both studies was so 

slight, however, nutmeg probably does not contribute 

strongly to reduction in the rate of rancidity development 

in these two types of products. Although the antioxidant 

capacity of the three types of nutmeg over time was 

different (P<0.05), Figure 4.7 indicates that the 

differences were numerically quite small. The differences 

detected between treatments over time was probably 

attributable to procedural error rather than to actual 

differences in the antioxidant capacity of the three types 

of nutmeg. 
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Figure 4.5. The oleoresin color equivalent (A vs. C + 
L, P>0.05; C vs. L, P<0.05) of nutmeg ground by 
ambient, chilled, and liquid nitrogen methods (pooled 
standard error, 0.002; n=6 for each grinding method). 
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Figure 4.6. The peroxide values (P<0.05) of salad 
dressing with and without nutmeg over six months (n=2 
for each mean). 
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Figure 4.7. The peroxide values (P<0.05) of salad 
dressing containing nutmeg ground by ambient, chilled, 
and liquid nitrogen methods over six months (n=2 for 
each mean). 
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An interaction between dressing and month was detected. 

The peroxide value would be expected to increase over time 

m oil-type salad dressings such as that used in this study. 

The presence of the dressing/month interaction, therefore, 

also would be expected. 

Summary 

None of the grinding methods evaluated was clearly 

superior overall under the conditions of this study. In 

general, however, the liquid nitrogen method tended to 

produce ground nutmeg with more consistent results across 

batches than the ambient or chilled methods. The highest 

temperature reached during grinding for the three types of 

ground nutmeg spanned a much narrower range than has been 

reported for samples ground in industrial conditions 

(Miller, 1951; Anonymous, 1962; Wistreich and Schafer, 

1962). The small differences in the highest temperature 

reached during grinding probably influenced the results. 

Nutmeg had little effect on rancidity development of salad 

dressing, and there were only slight differences between the 

three types of ground nutmeg in their ability to retard 

oxidation in the test medium. Repetition of this experiment 

using industrially ground ambient and liquid nitrogen 

samples may be justified to provide a clearer picture of the 

effects of such grinding on nutmeg composition. 
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CHAPTER V 

ENUMERATION OF MICROBIAL LOADS ON NUTMEG 

GROUND BY AMBIENT, CHILLED, AND 

LIQUID NITROGEN METHODS 

Introduction 

Microbial contamination of food products is a major 

concern of the food industry. Such contamination may arise 

from equipment, processing procedures, handling, packaging, 

or storage. Food ingredients such as spices also may 

contribute large microbial loads to food products. One such 

spice is nutmeg. 

The microbial load of both whole and ground nutmeg has 

been investigated by several researchers (Hall, 1938; James, 

1938; Fabian et al., 1939; Yesair and Williams, 1942). 

Whole nutmeg has been reported to have total bacterial 

counts ranging from 1,875 to 3,000 CFU/g and yeast and mold 

counts ranging from 0 to 13 CFU/g. Ground nutmeg typically 

has a greater microbial load, with total bacterial counts 

reported to range from 1,200 to 1,200,000 CFU/g and yeast 

and mold counts ranging from 110 to 11,000 CFU/g. Since 

ground nutmeg is popular with both consumers and the food 

industry, reduction of the microbial load in that nutmeg 

product is an important consideration. 
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A variety of methods, including heat (Hall, 1938), 

irradiation (Proctor et al., 1950; Lerke and Farber, 1960), 

and ethylene oxide treatment (Hall, 1951; Wright et al., 

1954), have been used successfully to reduce or eliminate 

microbial contamination in nutmeg and other spices. 

Although as much as 5% of the spices processed in the United 

States were at one time treated with irradiation (Lochhead, 

1989), ethylene oxide remains a popular choice for 

sterilization. 

The carcinogenicity of ethylene oxide has led the spice 

industry to investigate new methods of spice sterilization. 

Since ground nutmeg generally has much greater microbial 

loads than the whole spice, the grinding procedure might be 

altered to reduce the microbial content of the spice. The 

purpose of this study was to determine the effect of 

ambient, chilled, and liquid nitrogen grinding methods on 

the total bacterial and yeast and mold loads of nutmeg. 

Materials and Methods 

Sample Preparation 

Samples of cracked nutmeg (about 22 kg each) were 

obtained from Saratoga Specialties (Elmhurst, IL), Presco 

Food Products Inc. (Flemington, NJ), and Farmer Brothers Co. 

(Torrance, CA). Samples were mixed by continuously turning 

the bags by hand for five minutes. Since the original 

nutmeg samples were obviously different in appearance, about 

2.25 kg of each sample were combined to form nine 6.75-kg 
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experimental units. Three experimental units were randomly 

assigned to each grinding treatment. Those units assigned 

to the chilled treatment were stored in sealed, plastic bags 

in an upright, home-type refrigerator (Tappan) at ^^°C for 

14 days before grinding. All remaining samples were stored 

in sealed, plastic bags at room temperature (25oC) for 14 

days before grinding. 

One experimental unit from each treatment was ground on 

each of three consecutive days. Ambient samples were ground 

at room temperature (25oC). Chilled samples were placed in 

StyrofoamTm coolers and ground as quickly as possible after 

removal from the refrigerator. Liquid nitrogen samples were 

placed in Styrof oam'^" coolers and enough liquid nitrogen 

(about two liters) was poured over the nutmeg to cover the 

sample. Coolers were kept covered during the grinding 

operation. 

A Wiley Cutting Mill (Model 4) fitted with a screen 

with two millimeter openings, was used to grind all samples. 

On each day of processing, the ambient sample was ground 

first, followed by the chilled sample, and then the liquid 

nitrogen sample. The mill was disassembled and cleaned 

after each sample was ground. All grinder parts were 

scraped, brushed with a wire brush, and scrubbed with liquid 

dish soap and hot water. After rinsing, drying, and 

reassembling the grinder, one liter of acetone was poured 

through the hopper onto the running grinder to sterilize the 
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apparatus. The mill was allowed to run for five minutes 

while all parts dried. 

Each ground nutmeg sample was collected in a large vat 

which had been sterilized with acetone. Temperature of the 

ground nutmeg (̂ C) was taken continuously by placing a 

standard laboratory thermometer directly under the outlet 

spout of the grinder. After the entire sample was ground, a 

large, sterile spoon was used to stir the ground nutmeg for 

five minutes. The spice was then distributed into 

sterilized, labelled pint Mason jars. 

Three jars from each experimental unit were stored in 

the dark at room temperature (25oC) for microbiological 

evaluation. Jars within an experimental unit were used on a 

rotating basis, so that each jar was used three times for 

the microbial analysis. All evaluations were conducted 

initially, and then once weekly for eight consecutive weeks. 

Standard Plate Counts 

Standard plate counts were conducted using American 

Spice Trade Association (ASTA) Method M-2.0 (ASTA, 1976). 

Standard Plate Count agar (Difco 0479) and dilutions of 

10-1, 10-2, 10-3, 10-4, and lO-s were used for all 

determinations. 

Yeast and Mold Counts 

Yeast and mold counts were conducted using ASTA Method 

M-4.0 (ASTA, 1976). Phytone Yeast Extract agar (BBL-11546) 
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and dilutions of lO-i, IO-2, 10-3, 10-*, and lO-s were used 

for all determinations. 

Statistical Analysis 

A randomized block-split plot design with a 3x3x9 

factorial arrangement of treatments was used. Data were 

analyzed using BMDP (BMDP, 1988). 

Results and Discussion 

Standard Plate Counts 

Results of the standard plate counts are shown in 

Figure 5.1. There was no difference (P>0.05) in the 

standard plate counts of nutmeg ground by ambient (8.18 x 

104 CFU/g), chilled (1.08 x lOs CFU/g), and liquid nitrogen 

(8.97 X 10 4 CFU/g) methods over the eight-week period. 

Yeast and Mold Counts 

Results of the yeast and mold counts are shown in 

Figure 5.2. The difference (P<0.05) in yeast and mold 

counts of nutmeg ground by ambient, chilled, and liquid 

nitrogen methods was dependant on week. This difference is 

probably due to the ambient sample. Yeast and mold counts 

for that nutmeg were about three times greater during Weeks 

0 and 1 than the counts for either the chilled or liquid 

nitrogen nutmeg samples. Yeast and mold counts for the 

ambient sample then decreased at Week 2, remained at about 

the same level through Week 7 and then increased at Week 8. 

Yeast and mold counts for the chilled and liquid nitrogen 

samples remained at about the same level over the eight-week 
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Figure 5.1. The standard plate counts (P>0.05) of 
nutmeg ground by ambient, chilled, and liquid nitrogen 
methods over eight weeks (n for each mean varies from 2 
to 4) . 



80 

o 
o 
o 

X 

D 

4J 

a 
3 
O 

u 
4) 
4J 
(d 
H 
P4 
•d 
u 
(d 
•d 
Id 

03 

350 -I 

300 -

H3- Ambient 
• ^ Chilled 
-+- Liquid Nitrogen 



81 



• (t ô  
1 m o a j s s ia -BA uiesm qoisa a o j u ) si^aaM Cj-MSia J S A O spot{:).3m 

U9goj;:).TU p i n b T X p u ^ 'P^TTTM^ *q.U3TqmB ^ q p u n o j g gam:>.nu 
JO ( g O ' 0 > d ) s :^unoo p j o m puis ^.s^a^^ a q x ' Z ' S s - t n g x ^ 



82 

0» 

o 
o 

4J 

a 
3 
O 
u 
d) 

(d 
H 
•d 
H o 

•d 
c 
(d 

Id 
0) 

-Q- Ambient 
-A- Chilled 
-+- Liquid Nitrogen 

Weeks 



83 

period. Nutmeg ground by either the chilled or liquid 

nitrogen methods had lower yeast and mold counts than 

ambiently ground nutmeg at all test periods. Nutmeg ground 

by the chilled method tended to have slightly lower yeast 

and mold counts than nutmeg ground with liquid nitrogen. 

Summary 

Results of this study indicated no differences (P>0.05) 

in standard plate counts of nutmeg ground by ambient, 

chilled, and liquid nitrogen methods. Yeast and mold counts 

of nutmeg ground by the three methods were different 

(P<0.05). Nutmeg ground by the chilled or liquid nitrogen 

methods tended to have lower microbial counts than nutmeg 

ground by the ambient method. Spices processed under liquid 

nitrogen are typically ground so that the nitrogen cools 

both the spice and the grinder. The equipment necessary for 

such a grinding procedure was not available for use in this 

study. Freezing the nutmeg before grinding allowed some 

cooling of the grinder, but not to the same extent achieved 

by direct application of liquid nitrogen to the grinding 

zone. As a result, nutmeg ground under liquid nitrogen was 

only lOoC cooler (33oC) than nutmeg ground ambiently (43oC) 

at the exit point of the grinder. Significant differences 

in microbial loads would be unlikely with such a small 

temperature range. 

This study should be repeated using samples ground 

under industrial conditions. The low temperature which 

could be achieved with liquid nitrogen under such conditions 
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could reduce or eliminate the microbial load of a spice, 

such a reduction or elimination could be shown, a concurrent 

reduction or elimination in the use of ethylene oxide might 

also be achieved. 



85 

References 

ASTA. 1976. Official Microbiological Methods of the 
American Spice Trade Association. 1st ed. American 
Spice Trade Association, Englewood Cliffs, NJ. 

BMDP. 1988. BMDP Statistical Software, Inc., Los Angeles, 

Fabian, F.W., Krehl, C.F., and Little, N.W. 1939. The role 
of spices in pickled food spoilage. Food Res. 4:269-
286 . 

Hall, L.A. 1938. Sterilized spices: New factor in food 
quality control. Food Ind. 10:424-425, 464-467. 

Hall, L.A. 1951. Ethylene oxide process reduces spoilage 
organisms. Food Packer. 32:26-28, 47. 

James, L.H. 1938. Reducing the microbial content of 
spices. Food Ind. 10:428-431, 468. 

Lerke, P.A. and Farber, L. 1960. Effect of electron beam 
irradiation on the microbial content of spices and 
teas. Food Tech. 14:266-267. 

Lochhead, C. 1989. The high-tech food process foes find 
hard to swallow. Food Tech. 43:56-60. 

Proctor, B.E., Goldblith, S.A., and Fram, H. 1950. Effect 
of supervoltage cathode rays on bacterial flora of 
spices and other dry food materials. Food Res. 
15:490-493. 

Wright, W.J., Bice, C.W., and Fogelberg, J.M. 1954. The 
effect of spices on yeast fermentation. Cereal Chem. 
31:100-112. 

Yesair, J. and Williams, O.B. 1942. Spice contamination 
and its control. Food Res. 7:118-126. 



CHAPTER VI 

GENERAL SUMMARY 

Spices provide flavor and aroma to a wide variety of 

foods and beverages. Annual per capita consumption of 

spices has risen from 280 grams in 1932 to more than 796 

grams in 1986. Consumer demand for spicy ethnic foods, as 

well as a proliferation of processed food products, have 

contributed to the increased consumption. Although parsley, 

dill, basil, and other spices are grown in the United 

States, spices such as nutmeg must be imported. 

Nutmeg is the grayish-brown kernel of the fruit of the 

Myristica fragrens Houtt tree. Although available to 

consumers in the whole form, the majority of nutmeg used in 

the United States is in the ground form. The high oil 

content of nutmeg, which ranges from 7 to 16%, makes 

efficient grinding of that spice difficult. Chill condi

tioning of spices before grinding and cryogenic milling are 

two techniques which reportedly improve grinding efficiency 

of nutmeg with minimal loss of moisture or volatile oils. 

Only limited work has been conducted, though, on the effects 

of grinding procedure on the composition and microbiological 

properties of nutmeg. 

The objectives of this study were to investigate the 

composition, antioxidant capacity, and microbial loads of 

86 
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nutmeg ground by ambient, chilled, and liquid nitrogen 

methods. Nutmeg samples obtained from three spice companies 

were combined to form nine 6.75-kilogram experimental units. 

Each unit was randomly assigned to a treatment and then 

ground using a Wiley Cutting Mill, Model 4, fitted with a 

screen with two millimeter openings. Ambient samples were 

ground at room temperature (25oC). Chilled samples were 

stored in sealed, plastic bags in a home-type refrigerator 

at +_A°C for 14 days, then transferred to a StyrofoamTm 

cooler before grinding. Liquid nitrogen samples were placed 

in a Styrofoam^ra cooler and covered with approximately two 

liters of liquid nitrogen before grinding. Ground nutmeg 

samples used in particle size and compositional analyses 

were stored frozen, while samples used for microbiological 

analyses were stored at room temperature (25oC). 

Particle size and percent moisture were not different 

(P>0.05) in nutmeg ground by the ambient, chilled, or liquid 

nitrogen methods. Percent steam volatile oil in nutmeg 

ground by the ambient method was different (P<0.05) from 

that ground under colder conditions (chilled and liquid 

nitrogen). There was no difference (P>0.05) in the percent 

steam volatile oil in nutmeg ground by the chilled and 

liquid nitrogen methods. A grind x batch interaction was 

detected for percent oleoresin. The oleoresin color 

equivalent of nutmeg ground by the ambient method was not 

different (P>0.05) from that of nutmeg ground under colder 

conditions. The oleoresin color equivalent of nutmeg 
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ground by the chilled method was different (P<0.05) from 

that of nutmeg ground by the liquid nitrogen method. 

Nutmeg had a slight antioxidant effect when evaluated 

in a model salad dressing. Although a statistical 

difference was detected in the antioxidant capacity of the 

three types of ground nutmeg, the numerical differences were 

quite small. Under the conditions used in this study, 

nutmeg had little antioxidant ability. Results of the 

antioxidant evaluation conducted in this project are not 

applicable to the antioxidant capacity of nutmeg in other 

test mediums. 

The standard plate counts of nutmeg ground by the 

ambient, chilled, and liquid nitrogen methods were not 

different (P>0.05) over the eight-week test period. The 

difference detected in yeast and mold counts between the 

three types of nutmeg was probably related to the ambient 

sample. Nutmeg ground by the ambient procedure had yeast 

and mold counts about three times higher during Weeks 0 and 

1 than nutmeg ground by either the chilled or liquid 

nitrogen methods. Yeast and mold counts of the ambient 

sample decreased dramatically at Week 2, remained approxi

mately level through Week 7, and then increased noticeably 

at Week 8. Yeast and mold counts of chilled and liquid 

nitrogen samples were approximately level over the eight-

week test period and were always lower than those of the 

ambient sample. 
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Further research is necessary to clarify the effect of 

grinding procedure on composition, antioxidant capacity, and 

microbial loads of nutmeg, as well as other spices. 

Although techniques such as cryogenic grinding may reduce 

loss of volatile oils and moisture, those benefits may not 

offset the potentially higher cost of such techniques. 

Cryogenic milling and/or chill conditioning may have greater 

usefulness in reducing or eliminating microbial loads in 

spices. Future research should focus on this potential 

benefit of grinding procedures used as alternatives to 

ambient processing of spices. 
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PARTICLE SIZE CALCULATIONS 
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TABLE A.l. Modulus of Uniformity 
Calculations 

Screen Mesh Percent Material Totals Nearest 
(per 2.5 cm) on Screen Whole No.* 

Coarse 

3/8 0 

4 0 20.6/10 = 2.06 2 

8 20.6 

Medium 

14 40.0 

28 21.2 61.2/10 = 6.12 6 

Fine 

18.2/10 = 1.82 

48 

100 

Pan 

0 

0 

18.2 

aThe three numbers expressing the modulus of uniformity 
ratio must total 10. 
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TABLE A.2. Modulus of Fineness 
Calculations 

Screen Mesh Percent Material Multiplication Totals 

(per 2.5 cm) on Screen Factor 

3/8 0 7 0 

4 0 6 0 

8 20.6 5 

14 40.0 4 

28 21.2 3 

48 0 2 

100 0 1 

Pan 18.2 0 

103 

160 

6 3 . 

0 

0 

0 

6 

Totals 100 326.6 

Modulus of Fineness (326.6/100) =3.27 
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ANALYSIS OF VARIANCE TABLES 
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TABLE B.l. Analysis of Variance Table Showing Mean 
Squares for Percent Moisture and 

Modulus of Fineness of Ground Nutmeg 

94 

Source of 
Variation 

Degrees of 
Freedom 

Mean Squares 
Percent Modulus of 
Moisture Fineness 

Grind 

A vs. C+La 

C vs. Lb 

Batch 

Grind x Batch 

Error 

(1) 

(1) 

2 

4 

9 

0.0437 

0.0870 

0.0004 

0.0190 

0.0385 

0. 1544 

^Ambient vs. Chilled + Liquid Nitrogen 

bChilled vs. Liquid Nitrogen 

0.0085 

0.0121 

0.0048 

0.1816 

0.0094 

0.0164 

«P<0.05. 
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TABLE B.2. Analysis of Variance Table Showing Mean 
Squares for Percent Oleoresin and 
Oleoresin Color of Ground Nutmeg 

Mean Squares 
Source of Degrees of Percent Oleoresin 
Variation Freedom Oleoresin Color 

Grind 2 65.6109* 0.0770* 

A vs. C + L3 (1) 1.4641 0.0075 

C vs. Lb (1) 129.7576* 0.1465* 

Batch 2 57.3196* 0.0014 

Grind X Batch 4 178.7294* 0.0010 

Error 9 9.3483 0.0043 

^Ambient vs. Chilled + Liquid Nitrogen 

bChilled vs. Liquid Nitrogen 

«P<0.05 
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TABLE B.3. Analysis of Variance Table Showing Mean 
Squares for Percent Steam Volatile 

Oil in Ground Nutmeg 

Mean Squares 
Source of Degrees of Percent Steam 
Variation Freedom Volatile Oil 

Grind 2 0.6878* 

A vs. C + La (1) 1.1267* 

C vs. Lb (1) 0.2689 

Batch 2 0.3733 

Grind x Batch 4 0.4578 

Error 18 0.1719 

^Ambient vs. Chilled + Liquid Nitrogen 

bChilled vs. Liquid Nitrogen 

*P<0.05. 
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TABLE B.4. Analysis of Variance Table 
Showing Mean Squares for 
Antioxidant Capacity 

Source of Degrees of Freedom Mean Squares 
Variation 

Grind 2 0.8871 

Error 4 0.1549 

Dressing 1 6.1610* 

Error 2 0.3601 

Grind x Dressing 2 0.6270 

Error 4 1.0168 

Month 6 472.0568* 

Error 12 0.4571 

Grind x Month 12 0.8589* 

Error 

Error 

Error 

24 0.3058 

Dressing x Month 6 2.9039* 

12 0.2511 

Grind x Dressing 12 0.2562 
x Month 

24 0.4275 

*P<0.05. 
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TABLE B.5. Analysis of Variance Table Showing 
Mean Squares for Standard Plate 

and Yeast/Mold Counts 

Mean Squares 
Source of Degrees of Standard Yeast/Mold 
Variation Freedom Plate Counts Counts 

Grind 

Error 

Week 

Error 

Grind x Week 

Error 

2 

4 

8 

16 

16 

32 

4868.6 

13517.7 

10026.0* 

3102.4 

7033.4 

4174.5 

9952789.9 

2549045.0 

3260324.7* 

335012.7 

2247548.7* 

462685.4 

*P<0.05. 




