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EXECUTIVE SUMMARY

Grenadian nutmeg has been avoided by U.S. processors due to rumors that it is
difficult to grind. PIP, working with the USAID/Grenada Mission and the
Grenada Cooperative Nutmeg Association, studied the quality character1st1cs of
Grenadian nutmeg from August 1984 to December 1987.

Differences in nutmeg composition appeared to be due to agricultural practices
and seasonal factors. It is recommended that a study concentrating on the
climatic variations in composition be conducted. A laboratory in Grenada
would be necessary to accurately complete these tests. In the interim, it may
be assumed that the volatile-oil content of nutmeg will be higher at higher
elevations during the drier months. The volatile-oil content is less
predictable during rainy months. Current drying practices in Grenada are
adequate as long as moisture content is reduced to approximately 6 to 8%. Fat
content seems to be independent of all the factors looked at in this study.

The observations in this limited study indicate that differences in seasonal
and agricultural practices contribute to the variability in composition.

Finally, a laboratory capable of analyzing fresh samples the day they are
collected is necessary to determine true cause and effect relationships
between seasonal, geopgrarhic, and cultivation parameters.



INTRODUCTION

Grenadian nutmeg is rumcred to be difficult to grind and consequently has been
avoided by United States processors. Previous research by the authors (Drown,
et. al., 1986) found that nutmeg grinding characteristics are affected by the
volatile oil content. The previous work also showed that large composition
variation exicted among Grenadian nutmeg samples. For these reasons, the
composition of Grenadian nutmeg is an important consideration when developing

a production and marketing plan for the product.

The Postharvest Institute for Perishables (PIP) worked with the Grenada
Cooperative Nutmeg Association (GCNA) from August 1984 to December 1987 to
develop a greater understanding of the composition of Grenedian nutmeg and
consequently upgrade and maintain product quality control. In 1984, PIP
consultant Wayne Henry visited Grenada to analyze the nutmeg marketing
situation there. 1In his report, Marketing of Grenadian Spices in the U.S.A.
(PIF/Grenada/Nov. 84/No. 53) he recommended that USAID fund the following work:

Short Term:

Study and compare the grinding techniques, problems, cost, etc. of
Grenadian nutmeg and mace versus Indonesian nutmeg and mace. (Preliminary
investigations to locate qualified laboratories are already completed.)

Long Term:

Study the various quality characteristics of nutmeg, mace, cloves, and
cinnamon grown in different parts of the world compared to the Grenadian
counterparts.

Determine the economic feasiblity of marketing nutmeg from Grenada otiher
than in its whole form. Examples: grind and package in Grenada, crack and
protect for further grinding in the U.S., 0il extraction recovering and
concentration in volatiles, etc.

Conduct an investigation of the Indonesian nutmeg industry to determine
the trends in the largest producer country relating to modernization of
facilities, organization of grower associations (which might lead to
better marketing efficiency), projections on future crop yields based on
last five-year plantings and any other changes that might show an increase
or decrease in Indonesia's share of the world market. A knowledge of what
is happening in Indonesia might be the basis for substantial changes 1in
Grenada's nutmeg industry. This informatjion would eliminate some of the
unknowns and better enable Grenada to invest its money more wisely in
preparing for the future in this important crop.



Based on these recommendations, the USAID/Grenada Mission funded PIP to:

1. Quantify the range of total oil content in samples of nutmeg. Document
the fat content difference between Grenadian and Indonesian products to
provide marketing assistance data.

2. Compare the chemical composition differences in the essential oils which
flavor, and hence, determine the quality and marketability of Grenadian
and Indonesian nutmegs. (DAN-1323-B-01-6017-00, Delivery Order No. 1)
See Appendix C for complete Scope of Work.

The results of Item 1 above were presented in A Comparative Study of Grenadian

and Indonesian Nutmegs (PIP Task Report No. 1). Based on the results of this

work it became obvious that further analyses of the nutmeg was necessary,
specifically regarding seasonal, gecgraphic, and processing chararcteristics.
The results of Item 2 are presented in this report, Composition and Processing

of Grenadian Nutmeq.

The chemical analysis work for this project was carried out at the University
of Idaho Department of Chemical Engineering using nutmeg provided by the
GCNA.  Dr. David Drown also visited Grenada and sent back nutmeg samples to
the University of Idaho for analyses. Samples of nutmeg from specific
Tocations on the island of Grenada and from various stages of the curing
process were obtained. Each sample was analyzed for steam volatile oil,
moisture, fat, and inert solids. The observations from the plantation and
processing station visits were described as background information.

Task 2 in the Scope of Work, Data Collection for Production Run, will be
presented as PIP GTS report PIP/Grenada/Sept. 87/No. 53.4 by Dr. Wayne Henry.




BACKGROUND

Grenada nutmeg plantations are small, typically one to three acre farms. In
fact, there are over 7,000 registered plantations on the island. A few
plantations range from five acres to the largest of about fifteen acres. A1)
nutmeg plantations appear to be mixed plantings of nutmeg, banana, cocoa,
cloves, cinnamon, allspice, breadfruit, soursop, 1ime, grapefruit, and a
variety of other plants including coconut palms.

Nutmeg collection

Nutmeg is not really harvested, but is collected after it has fallen to the
ground. When the nutmeg is ripe, the pod splits open and the nutmeg kernel,
wrapped in mace, falls to the ground. Freshly dropped nutmeg is easy to spot
due to the bright, scarlet red mantle of mace surrounding the nutmeg.
However, within a day or two, the mace begins to decay, darkens in color, and
a black mildew mold forms. If nutmeg is not collected soon enough, the seed
may actually sprout or begin to rot in the interior of the hull. Once the
mace darkens, it becomes difficult to see the nutmeg on the ground. Since
many farmers do not have a standard practice of collecting nutmegs, they
apparently lose a reasonabie percentage, perhaps as much as 20% of the nutmeg
crop, by inefficient collection. The potential exists for aflatoxin

development if the nutmeq is not collected and dried before mildew begins.

After farmers gather the nutmeg, they remove the mace. Nutmeg and mace are
handled separately from this point on. The nuts without mace are usually
bagged in sacks and hand carried, or sometimes trucked, to the 21 local
receiving stations. At the receiving stations, the nutmegs are screened on an
approximately 1/4 inch to 3/8 inch grid screen. The obviously rotten nutmegs
are hand sorted during this screening. The good nutmegs are scraped into a
bag off the end of the screen. The acceptable nutmegs are weighed, and the
farmer paid for his product.

Nutmeq drying and hulling

The regional receiving stations each have drying racks where the nutmegs are

spread out, about three to four nuts deep, on screened trays inside the



building, where natural air circulation through the room dries the -utmeg.

The drying buildings are totally enclosed, but have large screened windwws for
ventilation. The nutmegs are raked to turn them over two to three times per
day. The nutmegs are cured in this manner for four to six weeks. Nutmegs are
considered dry when they detach from the hull so the internal "nut" rattles
against the hull. Also, to help determine when a batch is dry, a random
sample is broken open, sliced with a knife, hand squeezed, and observed for
dryness. It takes about one week to fill a tray, and then the nutmegs are
dried for four to six weeks, so the drying time can be anvwhere from four to
seven weeks, or more, within a tray.

When nutmegs are determined to be dry, they are bagged in approximately 150
pound gunnysacks and put in line for hulling and sorting. Three regional
processing stations do all of the hulling and sorting. These are located in
Grenville, Gouave, and Victoria.

The nuts are hulled by pouring them into a wooden funnel which feeds them
through a hammer-mill type device. It consists of a rotating wheel with three
or four teeth, or spikes, sticking out which propel the nuts against a metal
breaker plate on the sidewall. The cracked hulls and nuts then drop through
to a sorting table below. Next, the mixture is hand sorted into whole
nutmegs, hulls, and broken pieces. Nuts whose hulls were not cracked are
bagged and carried back to be recycled in the hulling mill. The sorted
nutmegs, hulls, and pieces are then bagged and carried to their respaective
processing steps.

Nutmeq sorting

Whole nutmegs are placed in wicker baskets and floated in water. The sound
nutmegs, being heavier than water, sink to the hottom. The unsound, or
defective, nutmegs float and are skimmed off the top. Nutmegs are then dried
for one day in ambient, air-drying trays before the final sizing. Nutmegs
which are not size graded are bagged and sold as "sound unassorted". About
two percent of the final production is size selected; they are screened to
various size ranges whick give average counts of 110, 80, or 65 nuts to the
pound, or to other customer-requested size selecticns. The rejects from the
various steps of the process are combined into what is termed “"defective"



nutmegs and sold at a lower price. It was estimated by GCNA that 30 to 40% of
the total amount processed ends up classified as defective. Whole floaters
and sound, broken pieces make up the bulk of the defective mixture, with
bruised and split seeds constituting the balance. Defectives are not insect
or mold infested. The lowest quality seeds, which may be moldy or insect
damaged, are sold as "grinders" for use as feedstock for oil distillation to
produce a nutmeg oil extract. The sorted nutmegs are bagged, labeled, and
stored for shipment. Just prior to shipment, the bags are fumigated, then
transported to St. George's and exported.

Nutmeg cultivation

The Mirabeau Agricultural Experiment Station has a small plantation area of
only nutmeg trees of two different varieties. The Malicot is the standard
Grenadian variety of tree. The Malian is a Malaysian grafted variety which is
being evaluated for future plantings in Grenada.

Cecil Wells, field inspector for the GCNA, stated that pure nutmeg
cultivations with trees planted in rows, the ground cleared underneath, and
proper fertilization, had significantly higher yield than the normal,
random-mixture plantings. He also stated that if the trees were more widely
spaced than in the Mirabeau plantation, they would have an even higher yield.

Eric Wardally, Assistant Manager at the Horseshoe Beach Hotel, owns three
plantations on various parts of the island, including the east and west sides,
at higher, middle and lower elevations. He stated that correct mulching and
fertilization definitely increase productivity, yield, and size of the
nutmegs. However, according to him, most farmers practice little, or no,
fertilization or care of the trees. He also stated that nutmeg at the higher
elevations, while slightly slower to mature, develops larger, denser, "higher
quality" nutmeg than trees planted at lower elevations.

It is common practice for the typical, small land owner to basically neglect
cultivation and care of his crops and land. The owner merely takes whatever
grows and falls off the trees. Little attention is given to irying to inprove
productivity by proper drainage, clearing of undergrowth, and fertilization of
the trees.



The technical literature indicates that trees will be either male or female,
with a male tree required for every eight to 10 female trees for a productive
plantation. The trees are actually randomly planted, if they are planted at
all. They appear to be more of a natural jungle growth. It was stated by one
of the GCNA board members that bisexual trees do exist. These trees have male
flowers on one side, female on the other; therefore, a tree can self-pollinate.

METHODOLOGY

In the spring of 1986, nine small nutmeg samples from various locations on the
island of Grenada were obtained from the Grenadian Cooperative Nutmeg
Association. Each sample was analyzed for steam-volatile oil, moisture, fat,
and inert solids. The results of this preliminary study indicated that nutmeg
collected from higher altitudes contained significantly more volatile oil.
Data from these samples also showed a distinct difference in composition of
nutmegs collected on the east and west side of the island. However, this
distinction might also have been due to seasonal factors, since the east-side
collection took place in January, while the west-side collection occurred in
late March. The uncertainty surrounding the history of the samples and the
small number of samples available made it difficult to draw general
conclusions. Therefore, a more extensive test was conducted to verify the
geographic correlations observed, as well as to track the composition as a
function of process drying history.

During August 1986, fifty-two separate samples of nutmeg were collected. The
samples to be studied, as a function of drying time, were collected at the
Grenville Processing Station. One sample of the final product from the
Gouyave Processing Station was also analyzed. Those to be evaluated with
respect to location were collected at various sites around the island. All
the samples were then shipped to the University of Idaho where they were
analyzed for steam-volatile oil, moisture, fat, and inert solids.

The American Spice Trade Association recommends specific procedures for
steam-volatile oil and moisture determinations (ASTA, 1985). In this research
Method 5.0 was used for volatile oil and Method 2.0 for moisture. To
determine the fat and inert solids contents, a standard ether extraction



process was used by the Animal Sciences Department of the University of
Idaho. A complete description of these methods can be found in a progress
report on this work (Drown, 1986).

RESULTS

A description of each sample and its identifying label is presented in Table
1. (A11 tables and figures are presented at the end of this report.) The
samples collected from the Grenville Processing Station were analyzed with
respect to drying time, while Tocation and elevation were the independent
variables for the analysis of the plantation field samples, and included the
samples from the previous study. Appendix B is a more detailed explanation of
the collection notes and the idenfiying labels. Table 2 presents a summary of
the compositional analysis results. The raw data collected on each sample can
be found in Appendix A. Results presented in Table 3 are standard deviations
for the individual samples. Compositional results presented as
component-to-solids ratios are found in Table 4.

Because the moisture centent varies greatly from sample to sample,
fresh-weight comparisons are difficult to make. Therefore, it is desirable to
index the compositions to a component of nutmeg that is independent of
field-handling techniques or drying. For this reason the graphical results
are presented as components-to-solids ratios. The exception is Figure 10,
which depicts the weight percent of volatile oil along with a standard
deviation bar. Figures 1-3 display composition ratios as a function of
elevation and location, while Figures 4-6 display the composition ratios as a
function of drying time.

Analyses of volatile oil, fat, and moisture content

The analyses of volatile oil and moisture required seven months. Although
samples were carefully stored in "ziplock" bags at approximately SOC, some
concern still existed that perhaps composition had changed during this time.
For this reason, graphs were prepared to track moisture and volatile-oil
results as a function of analysis date. Figures 8 and 9 show that the
moisture and volatile oil cortents are completely independent of analysis date.



Examination of the results illustrates just how strong the variability among
Individuals can be. This does not pose a problem for the nutmeg, bu* it
certainly creates difficulty in making generalizations. Table 2 lists the
components in terms of weight percents and the component closure. This
closure ranges from 96.65 to 104.48 with an average value of 100.72 and a
standard deviation of 2.066. This indicates a low, experimental analyses
deviation and a high composition variability in the nutmeg. A glance at Table
3, which 1ists average weight percents of the oil and moisture content, along
with the standard deviations for each sample, also indicates that variability
is the dominating factor. A visual illustration of this is presented in
Figure 10, which shows the average values of the east side plantation samples
with their standard deviation error bar. The replicate analysis deviations
are not large enough to obscure sample-to-sampl!e variations.

Figure 1 is a plot of 0i1/solids ratio against elevation. This figure
strongly suggest that seasonal factors play an important role in the
volatile-oil content of Grenadan nutmeg. The samples collected in January on
the east side of the island had the lowest volatile-o0il content. Those
collected in March on the west side of the island were somewhat higher 4n
volatile-oil content, but still lower than those samples collected in August.
Since January and March are part of the dry season in Grenada and August is
part of the rainy season, there is reason to suspect that rainfall may be a
controlling factor. Secondly, during the dry season, it appears that
elevation also plays a role in the volatile 0il of nutmeq. For both the
January and March samples, the volatile oil increased with increasing
elevation. However, during the rainy season, the relationships with elevation
are not as clear. For instance, on the east side of the island the volatile
0il increases until around 1000 feet and then drops again. On the west side
of the island the opposite occurs. The volatile-oi1 content starts out high
at low elevations, decreases at 1000 feet and then increases again slightly
With increasing elevation. Based on this data, there is not enough
information to explain the behavior of the volatile 0il1 content during the
rainy season. During the rainy season, it appears that neither geography nor
elevation is a factor in volatile-oi) contert, and the upper dashed line on
Figure 1 is simply an average of all the points for the month of August.



Fat content versus elevation is depicted in Figure 2. There is no reason to
suspect that fat content is a function of either climate or elevation. 1In
this figure, the straight line through the center of the graph is simply the
average of all the fat/solids ratios shown. The presence of two high values
at 500 feet probably makes the average a little high, but it is still easy to
see that the fat content of Grenadian nutmeg is normally quite predictable.
The exception in this study occurred at 500 feet where some unusually high and
Tow values were obtained. From the available information, it appears that the
fat content varies more at lower elevations than at higher elevations.
However, none of the available information gives any indication of why this
occurs.,

Moisture versus elevation is the subject of Figure 3. During the dry season,
(January and March samples) the moisture content of the nutmeg was very
consistent. The moisture/solids ratio was betw.en 0.135 and 0.15. These
samples were collected by GCNA personnel and dried at least three weeks prior
to shipment, so this is not a reflection of the actuval field moisture of
nutmeg, but shows the level that Grenadian nutmeg achieves when it has been
cured. During the rainy month of August, elevation and geographical location
could be affecting the moisture content of the samples. The west side samples
during August were significantly higher than the east side samples collected
during the same month. Furthermore, in both cases, the moisture content of
the samples increased with increasing elevation. Unfortunately, not all
samples were handled the same because of shipment delays and mold problems.
In order to correctly determine seasonal and geographic effects, it will be
necessary to have a field laboratory capable of immediate analysis of freshly
harvected samples. Based upon the data available, it appears that moisture
content depends on both elevation and location during at least the rainy
season. The currently available data does not provide any relijable
information on fresh nutmeg for the dry season.

Effects of drying time

In addition to the effect of location on the constituents in nutmeg on the
Island of Grenada, the effect of drying time on the composition of the spice
was evaluated. Figure 4 indicates that the volatile—oil content does decrease
s1ightly with process drying time. The 1ine on the graph is a linear fit of
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the data. Figure 5 shows that drying time is not a factor affecting the fat
content of the various samples. On the cther hand, the moisture content
decreases in an exponential fashion as 2 functicn of drying time as shown in
Figure 6. During prccess drying time, the first three weeks are the important
ones. After the initial moisture decrease, continued drying results in very
slow moisture removal. Therefere, it is not surprising that the extended cure
tests (Test 1£C group, Table 2) show little difference in the composition of
the nutmeg.

Final product comparisors

Figure 7 compares the final products of nutmeg on the Island of Grenada on the
basis of component/solids ratios. Essentially the nutmeg is classified so
that three different types of product are sold. Sound, whole nuts vwithout
visible defects are sold as the highest quality product. The other two
products are made up of two defective mixtures. The first mixture consists of
floaters and broken or bruised nuts. The second mixture consists of what is
referred to as grinders: bad pieces which are actually nuts that are mildewed
or moldy. It was hoped that this comparison would indicate that the broken
nuts currently being sold as defects would have a lower volatile-oil content
and therefore would offer an alternative of a Tower volatile nut. However,
this was not shown. The high and low values indicated with the volatile
0i1/s01ids ratios and the fat/solids ratios are simply the highs and lows out
of all of the samples in this study, excluding defect samples. A1l of the
final products are relatively low in volatile oil. This is particularly true
of the final prnduct of high elevation, whole, sound nuts from the Grenville
and Gouyave processing stations. This is not surprising since volatile oil
does decrease with drying time. In fact, the only defective product that fell
outside of the normal component/solids ratios was the whole-floaters product.
It had substantially lower fat content than any of the other samples in this
study. Since fat is heavy, the lack of fat causes these nuts to float.

I



CONCLUSTONS AND RECOMMENDATIONS

Many of the difficulties arising in this study are the resuit of the analyses
being performed in a lab far rémoved from the collection site. Hand1ling and
shipping of the samples increase the possibility that the samples will be
damaged or lost. In this study, mold and mildew formation during shipping
was, at times, a rather severe problem. Also, the collection and labelling
methods could not be monitored as closely as the researcher would have liked
for reliable analyses. Lastly, researchers in Idaho are just not familiar
enough with Tocal climatic and agricultural conditions on Grenada to see other
correlations that might he occurring with the data. Factors such as local
topography, microclimates, soil conditions, differences in harvesting
practices, seasonal variations, and other fluances as yet unconsidered, may
account for many of the observed variabilities. Therefore, it is recommended
that a Grenadian laboratory staffed with local technicians be set up to
perform the analyses. In addition to eliminating the shipping and handling
problems, it would also afford year round and more in-depth studies.

It seems Tikely that climate is playing an important role in the composition
of nutmeg on the island. 1In the initial samples, the differences in
composition appeared to be due o the lecations on either the east or west
side of the island. However, with the inclusion of the August data, it became
apparent that seasonal factors are probably more significant than geographic
factors. It is recommended that a study concentrating on climate related to
variations in composition be conducted. To emphasize, a laboratory on Grenada
is necessary for this kind of endeavor.

In the interim, it may be assumed that the volatile-oil content of nutmeg will
be higher at higher elevations during the drier months. The volatile-oil
content is Tess predictabie during rainy months. The current drying practices
are adequate as long as moisture content is reduced to approximately 6 to 8%.
Fat content seems to be independert of all the factors looked at in this
study. Further conclusions are difficult to make with the limited data
available thus far.

United States spice-processing firms desire a consistent composition nutmeg as

their raw material. In order for the Grenada Cooperative Nutmeg Association
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to market directly to the United States, they must provide a consistent
product of lower volatile-oil content. The observations of this limited study
indicate that differences in seasonal and agricultural practices contribute to
the variability in composition. 1t is recommended that GCNA develop a
management system to encourage uniform agricultural practices. Price
incentives to the farmer based on oil-content specifications would be one
method to encourage improved cultivation and harvesting methods. A laboratory
in Grenada, capable of analyzing fresh samples the day they are collected, is
necessary to determine true cause and effect relationships between seasonal,
geographic, and cultivation parameters.

13
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Fat/Solids Ratio

Figure 2 — Fat Vs. Elevation
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Moisture/Solids Ratio

Figure 3 — Moisture vs. Elevation
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Qil/Solids Ratio

Figure 4—Volatie Qi vs Drying Time
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Fat/Solids Ratio

Figure 5 — Fat vs Drying Time
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Moisture/Solids Ratio
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Components/Solids Ratios

Figure 7 — Final Products
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Figure 8 — Volatile O] Variations
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0il/Solids Ratio

Figure 9
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Figure 10 — DMoisture vs Analysis Date
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TAELE 1

Description of Samples

Grenville Frocessing Station Sampl es

Label Description, Collection Date
Gren FS 1 0 to § day drying (9 weeks) B6/8/86
Gren FS 2 6 to il day drying (1 week) 6/8/56
Gren FS = 12 to 20 day drying (2 weeks) 8/8/86
Gren FS 4 21 to 29 day drying (3 weeks) 8/85/86
Gren FS 5 30+ day drying (4 weeks) 8/8/86
Gren FS & Defects, broken pieces 8/29/86
Gren FS 7 Defects, floaters, 1-day dry 8/29/864
Gren FS 8 Defects, non—-floaters 8/29/86
Gren FS 9 Defect mixture 8/29/86
Gren FS 11 2 week dry 8/29/36
Gren FS 12 3 week dry B/29/86
Gren FS 13 4 weehk dry 8/29/86
Gren FS 14 3 week dry B/29/86
Bren FPS 15 4 weel: dry 8/29/86
Gren FS 16 7 week dry 8/29/86
Gren FS 17 Defects, +loaters, l-day dry 8/29/864
Test 1EC--A Extended cure test-Starting Sample 8/8/86
—equivalent Lo Gren FS 4 ar Gren FS S

Test 1EC-E 1 weel extended cure 8/29/86
Test 1EC-C ' 2 weelk extendsd cure &/29/86&
Tesl 1EC-D 2 week extended cure B/2%9/86
Gouyave Frocessing

Station Final Froduct 8/14/86
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Table

1 - Continued

August 19846 Flantation Field Samples

Label Location, Elevation, Collection Date

East I 1 Grand Etang-Waite, 1500 ft., B8/8/84

East F 2 Grand Etang--St. Margaret, 1000 ft, 8/8/86
East F = Birch Grove-Fhillip, 750 tt., B8/8/86
Fast F 4 Brandon Hall -Cecil Wells, 500 ft., 8/8,/86
East 5 Mirabeau-C. Forrester, 4C0 ft., B/8/86
East F 6 Faraclete-R. Rush, 600 tt., 8/8/86

East F 7 bBlaize-F. Garcia, 2000 tt., 8/8/86

East F 8 Mt. St. Catherine-Salim, 2000 ft., 8/8/36
East F 9 Fyrenees-R.H. Jdereen, ZCuO ft., B/8/86
k- & P 11 Brothers St. John-Chetram, S00 ft. 8/14/86
West F 12 St. Mary-EBanana Station, 1000 ft., 8/14/86
West F 13 8t. Mary-Clozier, 1500 tt., 8/714/86

West F 14 Top Clozier-Banana St., 1800 ft., B/13/86
South F 1S Thebaide-St. David’'s, 400 ft., B/15/86
South F 14 Mt. Agnes-—i.. Sargent, 1400 ft., 8/14/86
Northwesi: F 10 Union-Maggie Edwards, SO0 ft., 8/22/.6
North [ 17 Mt. Rose-NE side, SO0 ft., B8/16/86

North 13 Flaisance Estate-Sodah, 1100 ft., B8/14/86
East I» 19 Mirabeau Ag. Staticon, Malian nutmeg

East P 20 Mirabean fg. Station, Malicot it meg

Jandary and

March 1984 Field Samples

dJanueary Collection
East Side

Elevations

00 ft
1000 ft
15090 ft
2000 £t

2300 f1

March Collection
West Side

Elevations

oS00 £t
1000 ¢
1500 f+
2000 4t



NUTMEG ANALYSIS -

Sample

Description

Gren
Gren
Gren
Gren
Gren
Gren
Gren
Gren
Gran
Gren
Gren
Gren
Gren
Gren
Gren
Gren
Gren
Gren

FS
FS
F8
FS
F8
FS
F8
FE
F8
Fs
FS
]
FS
TR
()
&
FS

FS

Gouvave

Test
Test
Test
Test
Test
Test

* Sample size was insufficient to analyze for fat and

1

1A
2A
A
B
q

[
wJ

SR
11
12
1=
14

=
t

16

~ 0 mN o

1EC-A
1EC-E
1EC-D
1EC-L
1EC-D

0il

47

.67

0

— e
g
Y.

-
{

R

ONNNON®

[
t

=
~J

e

wlao

Qo

i
—

=~

O ommme0-0-9

L]
g

m
0
J

7.09
8.48
8.89
9.464
8.48
10,12

T
T

TARLE

Moisture

20,82
25.01
8.53
10.18
7.2
7.79
8.18
20.61
8.41
7.72
6,22
6.81
6.80
7.90
9.2
8.48
.00

7.99

7.17
6.91
7.71
7.00
7.12

7.15

Component C)osures

26

Fat

29.468
28. 5
33.85
*
33019
F0.77
*
27.75
F2.71
*
36.26
234.81
*
26,09
23.81
4,36
32.74

29.50

34,45
23040
389.07

27.47

34.0%

Solids

40.96
40.70
48.42
*
48. =7
S0.76
*
44,29
30.41
*
50,320
S0.06
*
48.87%
94,35
48. 35
48. 49
293.19

4!
a
3
—

*
g30. 064
J0.95
91,22
a51.96

= M
dal e Ll

Summary of Fresh Weight Compositions (%) and

Component

Closure
(Sum of

?5.89
101.95
100,47

F6.468
96.65

101.21
100.83

101.93
101.19

100.82
97.68
99.72
9.7
97.164

100.67Z

$9.90
100, 95
102, 93
G5, 19
10%. 51

solids

<)

content



Table 2 - Continued

Component Closures

Sample
Description 0Oil Moisture Fat Solids
East F 2 11.80 14,20 J0.13 47.04 103,17
East F = 6. 85 12,00 I2LET 47.05 98.2
East F 4 8.02 12,25 IE.47 46,49 100,63
East F SE 8.94 15.41 F0.45 49.00 103.80
East F 4R .37 13,23 JO.03 48.58 101,
East F 7 10.30 14.92 30.19 47.72 107.27
East P 8A 7.36 29.46 26.18 38.39 101.739
East F B8R 7.73 21.328 26. 66 44.54 100,31
East P 9A 7.0Z F4.19 23.94 I7.76 102,92
West P 11 ?.69 18.03= I2.62 40.06 100,40
West F 11E 8.06 23.5 31,00 346,30 ?8.93
West P 1724 &E.IS 27. 28.09 Z8.50 100.47
West P 12R 6.465 wU.UU 259.76 39.48 101.89
West F 13A 8.11 26.739 23.98 30.%4 99.42
west F 1ZRH 7.50 28.47 24,532 40.47 100,97
West F 144 7.27 T0.05 24.73 28.82 100.87
Wes L F 14k 7.%6 26.15 26.69 40.97 101.17
Nwest F 10 Z.08 14,33 F3.11 44.60 101,12
Naorth F 17 T.90 =28.93 22.25 46.41 101,49
North F 18 S5.87 18.11 IO, 62 47.79 102.73
Sauth F 15 .81 10,22 I1.57 S51.45 P7.05
South F 15 ?.44 11.35 31.48B S2.21 104,48
South F 14 6,67 18. 62 30,57 48.42 104.28
Mirabeau Ag.
Station
Malcot 7.4% 21.6646 * *
Malian 727 21,85 * ¥*
Average Closure - 100,72
Starndard Deviation - 2.066

#* Sample size was insufficient to analyze for fat and solids content



Table 2 - Continued
(Frelimanry Study)
Component Closures
East Side Samples - January
Elevation 0il Moisture Fat Solids Component

Closure
(Sum of %)

SO0 S.773 7.55 32,65 37,86 92.39
1000 9.23 g.01 33.268 3%.49 100,01
1500 5.78 7.2 33.49 92.27 98.8
2000 B.29 7.464 32.74 S0.77 79.4
2500 8.3 6.%9 I2.91 351.8 *

Average Closure - 99. 45

ey

Standard Deviation - 0.4357

West Side Samples - March

Elevation 0i1l Moisture Fat Solids Component
' Closure
(Sum of %)

S00 7.65 7.07F 38.7 S0.14 100,52
1000 7.34 7.54 ZI.435 S0.36 98.69
13500 8.18 H.74 33.84 J0.36 29.12
2000 9.4 7.06 IZ07 31.46 100,99

Average Closure - 99.87%
Standard Deviation - 0.952072

* The value far inert solids was found by summing the oil,
moisture and fat fractions and subtracting the result from
unity. Insufficient sample was available to measure solids
directly.



TAELE 3

NUTMEG ANALYSIS - Summary of Moisture and Volatile 0il Averages and
Standard Deviations

Sample DPescription Dry Time 72 0il % Moisture
(Weelks) Average Std Dev Average Std Dev
Gren FS 1A 0 8.43 0,14 20.82 0.14
Gren FS 2A 1 7.%0 0.04 25.01 D.146
Gren FS ZA 2 9.67 0.16 8.53 0.10
Gren FPS ZH 2 7.373 0.08 10.18 0.99
Gren FS 4 3 7.8%Z 0.26 7.29 0,22
Gren FS SA 4 7.35 0.41 7.7%9 0.46
Gren FS SB 4 8.795 0.08 8.18 0.19
Gren FS 11 2 8.56 0.03 20.61 0.21
Gren FS 1Z 3 ?.32 0.07 8.41 0.22
Gren FPS 13 4 9.321 0.15 7.72 0.21
Gren FS 14 5 9.15 0,01 22 0.09
Gren FS 15 2] 7.5 0.18 6.81 0.23
Gren FS 164 7 9.9 0.35 6.80 0.22
Gren FS 6, Defects-HBroken pieces 8.00 0.50 7.90 0.15
Gren FS 7, Floaters, 1 day dry 8.28 0.38 Q.24 0.08
Gren FS5 8, Non-floaters 33 0,03 - 8. 48 Q0.Z0
Gren FS 9, Defect mixture Q.50 0031 Q.00 0.2
Gren FS 17, Floaters, 1 day dry 8.92 0.19 7.55 0.2
Test 1 ?.09 .22 7.17 0.17
Test 1EC-A B.48 0.11 6.91 0.12
Test 1EC-E 8.89 0.31 7.71 Q.15
Test 1EC-D, Fr. A 9.64 0.03 7.00 0.07
Test 1EC-D, Pr. E 8. 68 0.07 7.12 0.19
Test 1EC-D, Fr. C 10,12 0.04 7.15 0.10
Test 1EC-D, Pr. D 8.97 0.08 6. 88 0.34
Gouyave Station 7.74 0,10 8.15 0.46



Table 3 - Continued

NUTMEG ANALYSIS - Summary of Moisture and Volatile 0Oil Averages and
Standard Deviations

Sample Description Elevation 4 0il %4 Moisture
(Feet) Average Std Dev Average Std Dev

East F 2 1000 11.80 0.11 14,20 Q.17
East F = 750 6.85 0.13 12,00 0.35
East F 4 SO0 8.02 0.08 2.25 0.42
East F Hp 400 8.94 0.12 18.41 0.464
East F 4R GO0 Q.37 0.14 323 0.37
East F 7 1400 12,50 Q.07 14,92 0.20
East F 8A 2000 7.36 0.12 29.464 0.39
East F 8E 2000 7.73 0.17 21.78 0.29
East F 94 2000 7.03 0.13 34.19 0.24
West F 11 ) SO0 ?.469 0.1 18.03= 0,49
West F 11R S00 8. 064 0,18 27.99 .36
West F 1ZA 1000 —t 0.18 27.53 0.32
West F 12B 1000 &6.65 0.18 30,00 n,.18
West F 1724 1500 8.11 0.18 26.79 0,59
West F 1ZE 1500 750 0.01 28.47 1.15
West F 144 1800 .27 0.05 0,05 *
West F i4R 1800 7.36 0.11 26.15 0.20
Northwest F 10 S00 ?.08 0.07 14,37 0.329
North F 17 S00 Z.90 0O.04 28.93 0.17
North F 18 1100 5.87 0.046 18.11 0,31
South F 154 400 Z.81 0.16 10,22 0,36
South F 15H 400 9.44 0.18 11.35 0,11
South F 16A 1400 b.67 0,19 18. 62 Q.76

* FReflects the result of a single test (Two of the three replicate
samples boiled dry during the analysis.)
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Table I - Continued
(Preliminary Study)

MUTMEG ANALYSIS - Summary of Moistuire and Volatile 0il Averages and
Standard Deviations

East Side Samples

Sample Month Elevation Z 0il % Moisture
(Feet) Average Std Dev Average Std Dev
Jdan. S00 S5.73 0.297 7.59 0.375
Jan. 1000 5.23 0.145 8.01 0.078
Jan. 1500 5.78 0,209 7.26 0.282
Jdan. 2000 8.23 0.135 7.44 0.064
Jan. 2500 8.3 0,29 b.9% 0,332
East Side Samples
March SO0 7.65 0.136 7.03 0,028
March 1000 7.34 0.197 7.54 0.17
March 1500 B8.18 0.517 6.74 0.042
March 2000 ?.4 0.312 7.06 0,028
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TARLE 4

Summary of Component/Solids Ratios

Sample Dry Time 0il/Solids Moisture/Solids Fat/Solids
Description (Weeks) Ratio Ratio Ratio
Gren FS 1A 0 0.2058 0. 9085 0.7244
Gren FS 2A 1 0.1941 0.6145 0.46967
Gren PS5 Z2A 2 0.1997 0.1762 0.46991
Gren FS 3R 2 * * *
Gren FS 4 z 0.1619 0.1507 0. 6862
Gren FS SA 4 0.1444 0.15325 0.46062
Gren FS SR 4q * +#* *
Gren F5S 11 2 0.19Z3 Q.4657 0.6266
Gren "S5 12 3 0.1849 0.1668 0.6489
Gren FS 13 4 * * *
Gren FPS 14 S 0.1819 0,123 0.7209
Gren FS 15 b6 0. 1900 0.1360 G.6954
Gren FS 16 7 * * *
Gren FS & 0.1638 0.1618 0.7391
Gren FS 7 0.152% Q.1700 0.4749
Gren FS § 0.1716 0.1747 0.7077
Gren FS 9 0.1959 0.1884 0.6732
Gren FS 17 Q0.1677 0.1419 0.534¢4
Test 1 * * *
Test 1EC-A 0.1694 0.1380 0.4688%2
Test 1EC~E 0.1745 0.1513Z 0. 6555
Test 1EC-D, Fr. A 0.1882 0.1367 0.6847
Test 1EC-D, Fr. E 0.1671 0.1370 0.9279
Test 1EC-D, Fr. C 0.1938 0.1369 0.63518
Bouyave Station 0.1402 0.147¢& 0.574864687

* GBample size was insufficient to analyze for fat and solids content
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Sampl
Descrip
East F
East F
East F
East F
Fast F
East F
East F
East F
East F
West P
Weast F
West F
West F
West F
West F
West F
West P

e
tion

11

11k
12A
121
13A
1R
144
14R

Norihwest &

North F
North

South F
South F
South F

17
16

156A
i5H
14A

Elevation
{(ft)

1000
750
9S00
400
&HOO0

1400

2000

2000
2000

SO0
500
1000
1000
1500
S00
1800
1800

500
200

1100

400
400
1400

Mirabeau fg Station

Malcot Vari ety
Malian Variocty

* Sample size was insufficient

Table 4 - Continued

0Qil/Solids

Ratio

0O.2509
0.145

0.1718
. 1824
0.1929
Q,2200
0.1%917
0.17326
0.186%

0.2419
0.2220
0.14649
0.1684
0.1981
0.185%
0.1872
0.1796

0. 2036

0.0840
0. 1228

0.0741
0.1B0OR
0.1378

Moisture/Solids

Ratio

0.3019
0. 2550
0.2624
0.3145

) Lo Bave K am Tar il
Q. 2725

0.3127
0.7674
0.4800

0.%055

0.4501
0.6499
0.7151
0.7599
0. 6446
0.7033
0.7741
0. 6383

0.3213
0.6274
0.2789

0. 1986
QL2174

0.3844

Fat/Solids
Ratio

0.6403
0.6880
0.7211
0.6214
0.6182
0.632

0.6819
0.5986
0.6340

0.B147%
0.8540
0.729¢&
0. 6525
0.5857
0.6061
0O.6370

04515

0.7424
V. 4794

6407

0.6136

0. 6027

0.6314

to analyze for fat and solids content



Table 4 ~ Continued
(Freliminary Study)

East Side Samples

Sample Elevation 0il/Seolids Moisture/Solids Fat/Solids
Month (ft) Ratio Ratio Ratio
Jan. S00 0.1068 0.1407 0.6085
Jan. 1000 0.0978 0.1497 0.6222
Jan. 1500 0.1106 0.1389 0.6407
Jan. 2000 N.1606 0.1305 0.6373
Jan. 2500 0. 1602 0.1349 0.6353

25t Side Samples

March 500 0.152 0,1402 0.712
March 1000 . 1458 00,1497 0.6642
March 1500 0.1624 0. 1338 0.672
March 2000 0.1827 0,.1372 0.6426
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APPENDIX A
Raw Data
I. Volatile 0i1 and Moisture Data (Nutmeg)

A. Grenville Processing Station Samples
(Gren PS 1A - Gren PS L 36-55

B. Extended Cure Samples |
(Test TEC) . vt e e, 56-64

C Plantation Field Samples
1. Bast P2 —East P 9A....iiiei i 65-74
2. West P11 - West V4B.....uueiie it 75-83
3. Northwest P 10 - North P 18........cvuuneeeunnnnnnnnnennn B4-87
4. South P 15A - South P 16A.........covviiiennnennee . B88-91
D. Other Process Station SaAMPIeS . ettt i e e 92-95
IT. Fat (Ether Extractable) and Solids Data............ovvvvernvnnnn.... 96-103
ITL. Miscellaneous Mace Samples...............oovviiinunssnnnn 104-108
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NUTMEG ANALYSIS

Sample Description Volatile 0il Moisture
Weight 7 Average Std Dev Weight 7 Average Std Dev

Gren PS 1A 8.40 8.43 0.14 20.95 20.82 0.14
8.31 20.67
8.59 20.83
Gren PS 2A 7.89 7.90 0.04 25,02 25.01 0.16
7.94 25.17
7.87 24,85
Gren PS 3A 9.50 9.67 0.16 8.101 8.53 O-].O
9.71 8.59
9.81 8+59
Gren PS 3B 7.24 7.33 0.08 9.52 10.18 0.59
7434 10.64
7.40 10.37
Gren PS 4 7.93 7.83 0.26 7.20 7.29 0.23
8.02 7.31
7.59
7454 7.05
Gren PS 5A 7.58 7.33 0.41 7457 779 0.46
7456 7.49
6.86 8.32
Gren PS 5B 8.67 8.75 0.08 8.09 8-18 0019
8.74 8.08
8.83 8.08
8.47
Gren PS 6 7.43 8.00 0.50 8.07 7.90 0.15
8.25 7.81
8.33 7.82
Gren PS 7 8.69 8.28 0.38 9.19 9.24 0.08
7494 9.34
8.21 9,20
Gren PS 8 . 8.34 8.33 0.03 8.19 8.48 0.30
8.30 8.82
8.36 8.26
8.64
Gren 'S 9 9.26 9,50 0.31 8.77 9.00 0.29
9.40 9.33
9.95 8.91
9.40



NUTMEG ANALYSIS

Sample Description Volatile 0il Moisture
Weight 7% Average Std Dev Weight % Average Std Dev

Gren PS 11 8457 8.56 0.03 20.85 20.61 0.21
8.52 20.50
8.58 20.47

Gren PS 12 9.26 9.32 0.07 8.58 8.41 0.22
9.30 8.16
9.40 8.48

Gren PS 13 9.14 9.31 0.15 784 7.72 0.21
9.36 7.84
9.43 7.47

Gren PS 14 - 9.15 9.15 0.01 6.20 6.22 0.09
9.14 6.32
9.16 6.14

Gren PS 15 9.42 9.51 0.18 6.82 6.81 0.23
9.39 6.89
9.72 7:04
6.49

Gren PS 16 9.19 9.39 0.35 6.60 6.80 0.22
9.80 7.11
9.19 6.81
6.70

Gren PS 17 8.72 8.92 0.19 7.86 7455 0.29
8.95 7449
9.10 7.29
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NUTMEG ANALYSIS

Sample Description Volatile 0i1l Moisture
Weight 7% Average Std Dev Welett 7 Average Std Dev

Test 1 9.00 9.09 0.22 7.38 7.17 0.17
9.34 7.13
8.92 7.19
6.98
Test 1EC-A 8.45 8.48 0.11 7.03 6.91 0.12
8.39 6.80
8.61 6.91
Test 1EC-B 8.61 8.89 0.31 7.81 7.71 0.15
8.85 7.77
9,22 7.54
Test 1EC-D 9.68 9.64 0.03 7.01 7.00 0.07
Product A 9.62 6.93
9.62 7.06
Tesr 1EC-D 9.17 9.02 0.21 7.28 7.12 0.19
Product B 8.87 7.16
7.17
6.85
Test 1EC-D 8.72 8.68 0.07
Product B 8.71
Replicate 8.60
Test 1EC-D 10.16 10.12 0.04 . 7.05 7.15 0.10
Product C 10.08 7.14
10.13 725
Test 1EC-D 8.87 8.97 0.08 7.09 6.88 0.34
Product D 9.01 6.49
9.02 7.23
6.72
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NUTMEG ANALYSIS

Sample Description Volatile 0il Moisture
Weight Z Average Std Dev Weight 7 Average Std Dev

East P 2 11.70 11.80 0.11 14.27 14.20 0.17
11.78 14.00
11.91 14.32

East P 3 6.91 6.85 0.13 12.16 12.00 0.35
6.70 11.60
6.95 12.24

East P 4 7.93 8.02 0.08 12.09 12.25 0.42
8.07 11.93
8.07 12.72

East P 5B 8.96 8.94 0.12 14.76 15.41 0.46
8.81 15.48
9.05 16.01

East P 6B 9.52 9.37 0.14 13.43 13.23 0.37
9.36 12.80
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10.42 14.72
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7449 29.80

East P 8B 7.70 7.73 0.17 .21.46  21.38 0.29
7.92 21.06
7.58 21.62

East P 9A 7415 7.03 0.13 34.07 34.19 0.24
6.90 34.03
7.03 34.46
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NUTMEG ANALYSIS

Sample Description Volatile 0il Moisture
Weight 7 Average Std Dev Weight 7 Average Std Dev

West P 11 9.79 9.69 0.11 18.51 18.03 0.49
9.57 17.53
9.72 18.04

West P 11B 8.26 8.06 0.18 23.99  23.59 0.36
7.92 23.48
7.99 23.30

West P 12A 6.31 6.35 0.18 27.57 27.53 0.32
6.20 27.83
6.55 27.19

West P 12B 6.85 6.65 0.18 30.16 30.00 0.18
6.48 30.02
6.64 29.81

West P 13A 8.0 8.11 0.18 26441 26.39 0.39
8.01 26477
8.32 26.00

West P 13B 7.50 7.50 0.01 29.76 28.47 l.15
7.51 : 28.13
7.49 27.53

West P 14A 7.24 7.27 0.05 30.05
7.32
7.24

West P 14B 7.24 . 7.36 0.11 26,04 26.15 0.20
7444 26.38
7.40 26.03
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IUTMEG ANALYSIS

iample Description

orthwest P 10 9.02
9.07
9.15

orth P 17 3.88

orth P 18 5.93

9.08

Volatile 0il
Weight 7% Average Std Dev

84
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14.78

28.99
28.73
29.06

18.11
17.81
18.42

Moisture
Weight 7 Average Std Dev

14.33 0.39
28.93 0.17
18.11 0.31
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NUTMEG ANALYSIS

Sample Description Volatile 0il Moisture
Weight 7 Average Std Dev Weight %Z Average Std Dev

South P 15A 3.70 3.81 0.16 9.88 10.22 0.36
3.99 10.20
3.73 10.59

South P 15B 9.61 9.44 0.18 11.27 11.35 0.11
9.44 11.30
9.26 11.47

South P 16A 6.89 6.67 0.19 19.46 18.62 0.76
6.52 17.98
6.60 18.43
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NUTMEG ANALYSIS

Sample Description
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DAN-1323-B-01-6017-00
Delivery Order 1

SCOPE _OF WORK

Task 1 - Chemical and Physical Analysis

Chemical analysis of volatile and non-volatije oils/fat percentages and

moisture content from different lots of nutmeg, by each GNA collection station
throughout the island.

Spice firms require minimum percentages of 6.5% - 7.5% of volatile oils in
nutmeg. They also desire a product less than 25% non-volatile oils/fat
content. These percentages have to be consistent from Tot to lot in order to
meet U.S. spice industry's requirements. The Chemical Engineering Dept. of
the University of Idaho is prepared to do this analysis, initially in order to
characterize Grenadian nutmeg.

The following tests will be done:

1. Quantify the range of total o0il content in samples of nutmeg. Document
the fat content difference between Grenadian and Indonesian products to
provide marketing assistance data.

2. Compare the chemical composition differences in the essential oils which

flavor, and hence, determine the quality and marketability of Grenadian
and Indonesian nutmegs.
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