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PREFACE

This project on extenders for roasted and ground coffee was financed with
O&MA funds under Production Engineering in support of the DoD Food Program
(728012.19000), Task No. Q8032-08 under the title "Sensory Evaluation of
Commercially Available Coffee Substitutes and Extenders.'" The customer was
Defense Logistics Agency (DLA), and the project category was Military
Adaptation of Commercial Items. A technical plan for the project was
originally developed in July 1977, at the time Brazilian coffee bean prices
were peaking as a result of the severe 1975 frosts that damaged a significant
percentage of the crop. The plan was updated in February 1979 and submitteqd
as an unfinanced requirement as part of the O&MA Five Year Program. Funding
was authorized in the Third Quarter FY1980, and work commenced in June of that '
year. The three services field survey of coffee beverages prepared from
roasted and ground coffees with and without a caramel-based extender product
was financed by Food Engineering Laboratory (FEL) Task No. Q823126, Support to
Armed Forces Product Evaluation Committee. The survey was conducted by
research psychologists of the Human Engineering Branch, Behavioral Sciences
Division,

‘The author expresses his appreciation to the following people for their
considerable assistance with this study: (1) Mrs. Joan Kalick and the staff
of the Sensory Analysis Branch, headed by Dr. Owen Maller, Chief, for their
assistance in conducting the laboratory sensory tests; (2) CPT Gerard Smits,
Human Engineering Branch, for providing the data, statistical analyses and
interpretations in connection with the three Services survey mentioned above;
(3) Mr. Norman Harris, FEL, the responsible technologist for roasted and
ground coffee, for background information and advisement; (4) Mrs. Mary
Klicka, Chief, Experimental Kitchens Branch, FEL, for use of the automatic
coffeemaker for the laboratory tests; finally, (5) the numerous coffee trade
association and coffee industry personnel, who have been thanked personally
but who cannot be mentioned here, for helpful advice, suggestions, and
research samples of products and ingredients.
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ROASTED AND GROUND COFFEE: A STUDY OF EXTENDERS, SUBSTITUTES
AND ALTERNATE COFFEE SOURCES

INTRODUCTION

Efforts to find extenders for coffee are nearly as old as the product
itself. In 1732, J.J, Scheuyer wrote in his Physigque Decree about the use of
the coffee bean by the Arabs and Turks and also indicated that many persons
used the flour of roasted barely as an extender.l About 100 years later in
England, various substances — particularly chicory, grains, and legume seeds -
were used. These, however, were viewed as adulterants because their use with
coffee was not discldsed at the point of sale., After a period of scandal and
exposure which also involved the use of a colorant, adulteration was still
found to be common; however, the numbers of substances used were reduced
primarily to chicory and grains., In addition, the extent of adulteration in a
product sold as coffee was found to be directly related to its price.2 The
first US brand of packaged coffee was launched in 1873, That same year, the
first US patent for a coffee extender (substitute) was issued.l

The US military interest in extenders for roasted and ground (R&G) coffee
was triggered by the mid-1975 frosts in Brazil, which crippled coffee produc-
tion. The immediate reaction to the drastic price increases for Brazilian
coffee beans, which constituted 70 percent of the military's coffee blend, was
a Defense Personnel Support Center and US Army Natick Research and Development
Center (NRDC) collaboration in testing a revised blend in which Central
American mild coffees were substituted for the Brazilians. Using the consumer
populations of several Navy ashore installations and ships, no statistically
significant difference in acceptability was found between the existing 70:30
Brazilian: Colombian blend and the revised, all Central American: Colombian
blends.3 This action, as can be seen in Table 1,4 was likely instrumental in
keeping roasted and ground coffee prices to the military (DLA) below $3.00 per
pound at the same time prices for consumer coffees rose above $4,00 wholesale,
By 1981 new trees planted north of the frost - affected area and other new
plantings came into production, which helped restabilize prices,

As may be seen in Table 1, coffee prices dropped after the inception of
the project but were still well above the 1976 level.

1y, Braxmayer. Coffee substitutes are reborn. Tea & Coffee Trade Journal,
38-39 (1977).

27, Muter. Popular food analysis. No. 2 - Coffee. The Food Journal 1:72-77
(1870).

i

3plant Products Branch, Food Engineering Laboratory, NRDC. Fact Sheet
presented to the Armed Forces Product Evaluation Committee, 12-13 January

1977. B T ‘ v

“pefense Personnel Support Center (DPSC/DLA) AGRI 188 Printouts for‘years
indicated.




Table 1. DPSC/DLA Canned Coffee Procurements for the U.S. Armed Forces

FY Dollar Value Pounds
(Millions) (Millions) Cost/Pound
1976 $14.3 12,5 Ib - & $1.10
1977 161 5.8 2.76
1978 6.3 2.9 2,15 3
I
1979 24,5 12.0 2,04
1980 14.3 _ 5.8 2.48 q
1981 0.9 ' 0.5 ‘ 1.82 ‘1
1982 11.9 6.2 1.93
1983 12.8 6.9  1.84 {
By 1977, a considerable number of coffee extender products, R&G and instant @
coffee products with extenders added, and coffee substitutes were being marketed 4
for the consumer retail and the food service trade.’ For purposes of this
report, coffee extenders are defined as single products or combinations of
ingredients not primarily derived from the coffee bean, the intended use of
which is to reduce the amount of coffee usage. In this study extenders were

classified into three categories.

1. Caramel Base. Caramel, a colorant used in numerous other food
applications, is the predominant ingredient. Also present in the mixture may
be a coffee flavor or instant coffee powder, "other botanical extracts,”
hydrogenated vegetable oil (used to control the dust level when packaging the
product), and an anticaking agent, such as calcium phosphate. This product is
listed in the Federal Stock Catalog, FSC Group 89 - Subsistence, Class 8955 -
Coffee, Tea, and Cocoa. Local procurement is authorized. To use the product
the food service unit is instructed to mix the extender with the R&G coffee
and reduce the recipe amount of R&G by 40 to 50 percent. The usual ratio is
20 or 22 parts coffee to one part extender. During this project, an active
effort took place by vendors to market these products to the military
services. Vendor-provided descriptions of the products' function in combina-
tion with R&G coffee also included "flavor enhancers,'" "flavor activators,"
and "flavor protectors'. Proponents' claims typically implied that an
equivalent- level of coffee flavor strength and acceptability couid be {
maintained when the products were used to replace up to 50 percent of the R&G
coffee in a typical brewing recipe. ' '

5Anonymous. Industry meets coffee price challenge. Food Product Development,
47; 38-39 (1977). .
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2. Grains. Roasted and ground (R&G) whole grain wheat or barley are the
commercially available materials. The R&G wheat, -as offered by one vendor,
may be enhanced with coffee o0il and other natural coffee flavor. The barley
is ordinarily not enhanced with flavoring materials! Typically, the grains
are substituted for the coffee in a brewing recipa on a one—to-one basis,

3. Miscellaneous Ingredients and Products. (a) Chicory. A description.
of chicory is given in the experimental approach section of this report, experi-
ment D-3. (b) Other types. A label declaration for one product evaluated in
this study claimed "natural flavor,'" probably instant coffee; "sodium mineral
salts," probably a wetting agent; and tricalcium phosphate, an anticaking agent.
The product was to bé mixed with coffee at 50 parts coffée to ! part extender
ratio. The extender was said to function as a wetting agent to increase the
amount of solids extracted from coffee during brewing. (c¢) Lastly, instant
coffee itself was included in this group as a potential extender product.

Little information exists in the trade or technical literature on the
effects of extender use on consumer perceptions of coffee beverage quality and
acceptability. Vendor claims regarding these effects have largely been anecdotal
and undocumented. Numerous comments have been made by coffee industry technical
personnel who have evaluated coffee extenders in their laboratories; unfortunately,
however, none of their data have been published. Finally, there existed at
the outset of the study no appropriate test form for eliciting such information
from consumer judges in laboratory or field settings.

For these reasons, three objectives were established for this study.

1. Using sensory quality and acceptability criteria, the author aimed to
develop data on the function and effectiveness of commercially available extenders
used in combination with troop issue R&G coffee. At the same time, the study
would take into accpunt the relative costs of R&G coffee and the extenders.

2. The study would develop methodology and a rating form for eliciting
responses from consumers in laboratory and field settings. The rating form
would be sensitive to changes in coffee beverage characteristics brought about
by extender use as well as measure acceptability.

3, The study would investigate lower—cost coffee bean sources as part of
the troop-issue coffee blend. In pursuing this objective, investigators would
reformulate the blend.

EXPERIMENTAL APPROACH

’ ’

Selection of Panelists

For laboratory tests, it was required that all panelists be coffee drinkers.
In the initial stages of the study, all persons listed on the NRDC volunteer
employee panelist roster were screened. Those who were coffee drinkers were,
in turn, categorized into two groups: One, those who drank coffee black and
two, those who drank coffee with added whitener (cream), sugar, or both. Because
it was thought that consumption habits might affect ratings, both groups were

11




initially run separately on the same coffees. However, statistical analyses
conducted to test differences between groups, as will be seen, revealed no
significant differences between screened groups, either with respect to ratings
for quality-related characteristics or for acceptability. Therefore the later
tests consisted of people randomly selected from the combined list of coffee
drinkers. Nevertheless, information was collected on how coffee had been con—
sumed. As further validation, the screened list of panelists as well as any
volunteers were told when contacted that coffee‘was the test product. Thirty-
two to 35 panelists participated 'in each test and no more than five samples
were evaluated per sitting to offset problems of taste adaptation. At field
garrison sites, each person observed with coffee on trays or at tables was
surveyed. Completed survey card forms were collected at dishwashing windows

or from the tables. : ) .

Sample Preparation

For laboratory tests, all coffees (with-and without extenders) were brewed
under identical conditions. The brewer was a Bunn-Omatic Model OT unit; during
the study this unit was replaced with a Model F unit made by the same manufacturer.
These units were adjusted to deliver sufficient 949C water through the R&G
coffee in the brew basket to fill a 64-fluid ounce glass decanter (approximately
1.9 liters). The brewer was connected to the NRDC well water supply which, in
recent determinations analyzed at 170 to 190 ppm hardness (carbonate ion) and
31 mg/L sodium. Both levels were well below sensory thresholds in water deter-
mined by Lockhart et al.6 wWater entering the brewer heating reServoir passed
through a strainer. '

f ! i

Each batch of coffee was weighed into a fluted paper filter designed for
the brewer and placed in the brewbasket. Coffee beverage temperature as it
dropped into the glass decanter was 889C to 90°C. Each test included a refer-
ence sample made according to the automatic brewer recipe in the Armed Forces
Recipe Service card file./ It called for 3% oz. av. (90 g) or 1 measuring cup
volume per pot. Based upon results from a coffee recipe experiment without
extenders conducted as part of this study, the Armed Forces Product Evaluation
Committee voted to recommend use of approximately 25 per cent less roasted and
ground (R&G) coffee to the Armed Forces Recipe Committee. The latter Committee 4
adopted the recommendation, and it was also adopted as the reference recipe
for the balance of this study. The revised formula was 2.5 oz. av. (70 g) or
three-quarters of a measuring cup per pot. '

6E.E, Lockhart, C.L. Tucker and M.C. Merritt. The effect of water impurities
on the flavor of brewed coffee. Food Research 20(6): 598-605 (1955).

7. Recipe Card C, Beverages No. 3, Armed Forces Recipe Service (AFRS), May 1980
Revision, Departments of the Army, Navy and Air Force., Washington, D.C.:
U.S. Government Printing Office. :
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It is emphasized that although the reference recipe was changed during the
study, the relationship between "full-strength" recipes and those that included
the caramel-based extenders remained the same, i.e., half as much roasted and
ground coffee with extender was used.

Sample Presentation

After brewing, beverages were transferred to stainless steel vessels,
which were held in a 829C water bath. Serving temperature was 719C to 7409C.
For each test in which hold time was not a variable, freshly brewed batches
were prepared to avoid holding times longer than one—half hour recommended by
the recipe. When approximately half the required number of panelists had tested,
the batches brewed first were withdrawn and the fresh batches served. For
holding time experiments, the held beverages were brewed and placed in the
820C water bath three hours prior to the test. The "zero hold time" batches
were brewed immediately prior to the test. Test sessions required about one
additional hour to complete; however, the incremental holding time for both
the "fresh" and hold batches was the same for each panelist.

In all tests, samples were presented one at a time to panelists in a balanced

random order, i.e., each sample was in the first, second, third... position

an equal number of times to avoid the bias of occurring in one position only.

All samples in each test were presented "blind," i.e., panelists were totally
unaware of test objectives, sample treatments, etc. No codes were used on the
serving vessels; however, randomly chosen, two-integer numeric codes were used

on the Consumer Option Card test forms. Panelists were seated in partitioned
booths which prevented communication with others in the test room.

Homogenized milk was used as the coffee whitener, not only because of its
common usage, but also because a liquid nondairy creamer commonly used in the
Acceptance Laboratory imparted a sweet characteristic to the coffee, which may
not have been desired by those using whitener only. Both whitener and sugar
were available in the booths, except when panelists who drank black coffee
were selected. Users of one or both these additives (determined by checkoffs
on the Consumer Opinion Card) were allowed to add the amounts they customarily
used (ad libitum). Care was taken that panelists were consistent in their use
or nonuse of whitener or sugar in each sample they evaluated.

Sensory Laboratory Facility

The booth area occupied by panelists was completely separate from the
preparation area. Samples were passed through ports between the two areas,
which prevented communication between technicians and panelists and also pre-
vented panelists from viewing the preparatlon area. Panelists entered the
booths through a reception area where they received the following posted inform—
ation on a letterboard: "You will test (number) samples of coffee." Laboratory
personnel who were telephoning panelists were not informed about sample treat-
ments and thus could not discuss test objectives with them.

13




Rating Form

Development of the Consumer Opinion Card, the format of which was
finalized as the experiments were being conducted, is detailed in Appendix A
of this report.

Extracted Solids Analysis

For many of the laboratory experiments, extracted solids determinations
were run on brewed coffee samples to determine the effect of coffee extender
products on amount of coffee solubles extracted in brewing. The method recom~
mended by the National Coffee Association was employed. Ten cc of brewed
coffee were weighed into a previously weighed and dried aluminum foil dish.
Duplicate samples were placed on a steam bath for evaporation to partial
dryness which avoided boiling off and loss of solids. Dishes were then
transferred to a 1059C vacuum oven where drying continued for three hours.
They were then cooled, reweighed and the percent solids computed.

Laboratory Experiments

The following is a list of laboratory evaluations, classified by type of
extender. Recipes are indicated in Results and Discussion section tables,
All experiments were conducted in the Food Acceptance Laboratory, Sensory
Analysis Branch, US Army Natick Research and Development Center.

A. Roasted and Ground Coffee without Extenders
H : B

Troop Issue R&G Coffee. Three vendors' products were evaluated at full
recipe strength to determine whether or not consumer judges could detect any
differences among them in quality-related characteristics or acceptability.
These were audit products brought in from various military installations,
since at the time of this experiment, the troop-issue blend was allowed to
fluctuate based upon coffee market prices. If no differences were found among
them, any of the three could be used as a full-recipe reference standard or as
a base for various extenders and substitutes.

Troop—Issue R&G Coffee without Extenders versus Three Retail Consumer
Brands. Test objective was to assess whether quality characteristics and
acceptability of troop-issue coffee were equivalent to typical canned R&G
coffees sold at retail.

Strength (Recipe) Evaluation, Troop—Issue R&G Coffee. The experimental
objective was to determine the effects of varying only the R&G coffee level in
the recipe without using_extenders. The four recipe levels included were the
current reference recipe7 and one higher and two lower levels than the
reference, all differing by 25 percent. Two test sessions were run, one with
panelists who drank coffee black and the other with panelists who used both’
whitener and sugar. In addition to the main objective, this was also one of
several methodological experiments to determine (1) the attributes that should
be included on the final version of the consumer rating form for coffee and
(2) whether consumers groups screened for their coffee drinking habits would
exhibit similar rating patterns. ' ‘

14




B. Troop—Issue R&G Coffee with Caramel-Based Extenders

Test of Three Commercial Extender Products (El, E2, E3). 1Included in the
test reference samples without extenders: one was a brew prepared from the
full recipe; the other was prepared from half the recipe. Objectives were (1)
to determine how the extended brews performed compared to the reference brews
and (2) whether any .differences in quality and/or acceptability would occur
among the extender products. As in the above experiment, two screened consumer
panels were used, one, persons who drank their coffee black and, two, persons
who used both cream and sugar. The ANOVA used to analyze rating data for each
attribute in both this and the preceding experiment also analyzed differences
between the two consumer groups.

In preparing R&G coffee samples with extender for brewing, R&G coffee and
extender products were weighed separately, combined and hand mixed, then trans-—
ferred to the automatic brewer paper filter. The ratio was 20 parts coffee
and 1 part extender, as recommended in instructions accompanying each extender
product.

Commercial Extender at Levels Proportional to Troop-Issue to R&G Coffee.
Again, in this investigation two reference standards consisting of full and
half recipe troop-issue coffee were included. The Federal Supply Catalog C8900-
SL recommended that ''the extender when added to R&G coffee in the suggested
amount, shall produce an acceptable brew using at least one-third less R&G
coffee." In the first of the two samples containing extender, the "one-third
less' recommendation was evaluated at the 20:1 coffee: extender ratio., In the
second sample, the coffee level was cut to one-half the recommended recipe and
the extender level increased proportionally to a 10:1 ratio. This evaluation
also served as a means of determining whether a higher extender level in R&G
coffee would affect quality-related attributes and/or acceptability. 4s in
the previcus two experiments, the two screened consumer groups Were run
separately and the ANOVA included the analysis for differences between groups.

Evaluation of Three Commercial Preblended Extended R&G Coffees. The pre-
blended extended (PBE) coffees were packaged in premeasured packets for use
with automatic brewers. Contents of these packets were used in brewing and
the fill weights recorded. Also included in the experiment were troop-issue
and an all-Colombian R&G coffee, both brewed at reference recipe levels. Coffee
bean blends used in the PBE products were unknown; the same three extenders
previously evaluated with troop-issue coffee as the base were represented,
however. Consumer panelists who drank their coffee black were selected for
the evaluation; whitener and sugar were not available. ,

PBE R&G Coffees Containing Caramel Extender (E-1). Two blends, of unknown
coffee bean composition, were evaluated. Because the base coffee blends without
extender were not obtaihable, all brewed samples contained the extender product.
The experiment served, therefore, as a means of assessing whether or not sensory
differences between full and half recipe levels would increase due to ‘any enhance-
ment property the extender might have., This experiment was conducted following
an Armed Forces Product Evaluation Committee (AFPEC) decision to recommend
reduction of the military coffee recipe by approximately 25 percent without
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using an extender product. Thus, 70 g was now the reference recipe level.
However, the "full" and "half-recipe" relationship of other experiments in
this series was retained. The AFPEC decision was based on results from the
recipe experiment without extenders, as well as on.existing practices in other
food—service organizations, Furthermore, the "half-recipe'" R&G coffee levels
were in accordance with those typically recommended by PBE vendors. Test form
used was the final version of the Consumer Opinion Card for coffee. Coffee
beverages were served black to consumer panelists who drank coffee black.

Two R&G Coffee Blends with and without Extenders. One R&G blend, desig-
nated as Blend 1, was premixed with the extender E2 evaluated in this series;
the other blend, designated Blend 2, was premixed with extender E3, The same
blends without these extenders were also provided for this experiment. Com-
position of the blends was unknown and, from sensory observations made in a
prepanel screening, were different. As in other experiments in this series,
the beverages without extender were prepared at a full recipe level. Full
recipe, in this experiment, was the 90 g level called for by the AFRS card
prior to the AFPEC recommendation referred to above. The beverages prepared
from the R&G coffees premixed with extender were brewed at the one~half recipe
level., All panelists selected for this experiment used both whitener and sugar
in their coffee. The vendor supplying these R&G coffees did not specify a
recipe level, but recommended using one-half the level of the present recipe.

Institutional R&G Coffee Brand with and without Extender; Commercial PBE
Coffee. This experiment was conducted (1) to comply with a request to evaluate
the commercial coffees; (2) to determine if troop issue R&G coffee would rate
differently from a typical institutional blend with respect to any attributes;
(3) to determine if the extender (E2 from this series) would perform differently
in another institutional R&G coffee than it had in troop—issue coffee; and (4)
to determine if commercial preblending of the extender (El from this series)
with coffee would produce a brewed beverage different from one prepared from
R&G mixed with the extender product immediately before brewing. Troop~issue
coffee brewed at the full recipe level was included as the reference. Only
the composition (blend) of the troop issue coffee was known. Panelists were
randomly selected coffee drinkers from the NRDC roster of volunteers; they
were allowed to add whitener, sugar or both to their coffees according to the
way they typically drank coffee. , J

Caramel—-based Extender Product with Modified Food Starch and Natural
Mineral Ingredients. This product was found late in the project after the
other three extender products had been evaluated., Because the starch and mineral
ingredients it contained were not part of the item description in the Federal
supply Catalog Group 89 (Subsistence), it was evaluated with one of the three
other extender products to determine if it would perform differently with troop
issue R&G coffee than the other extenders of its type. According to guidelines
provided by the vendor, it was to be used at a lower level (approximately 30
parts R&G coffee to 1 part extender) compared to a 20:1 ratio for the other
extender (E2), Otherwise, all other conditions were identical to other experi-
ments in this series. Both full and half-recipe troop-issue coffee beverages
without extender were included in this test. The mineral ingredient in this
extender was said by the vendor to improve the water used in brewing; the starch
ingredient was said to prolong brewing time by coating the brewer filter paper.
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Holding Time Experiments with R&G Coffees Containing Extender (E-1). Primary
objective for this series of four tests was to investigate a claim that this
type of extender product would prevent flavor deterioration when brewed coffee
is heid hot for longer—than-recommended times. Each test consisted of four
samples, and the samples and treatments were grouped as follows.

1. Troop-issue coffee without extender at full recipe held for zero and
three hours versus PBE coffee at half recipe subjected to the same treatments.

2. Troop-issue without extender versus vendor's R&G coffee preblended
with extender. Both coffees brewed at full recipe level and held zero and
three hours. ’

3. Troop-issue coffee mixed with extender product in the laboratory and
evaluated at full and half recipe levels at zero and three hours hold time.
Coffee: extender ratio was 2::1, as recommended by the vendor.

4. Vendor's PBE coffee preblended with extender, full and half recipe
levels held zero and three hours.

C. Roasted and Ground Grains

In this series of experiments, various grains were used to replace R&G
coffee on a 1:1 basis in brewing recipes. Roasted wheats and roasted barleys
were evaluated.

Roasted and Ground Wheat (RGW). These were enhanced with added natural
coffee flavors and coffee o0il. Two substitutes were examined in preliminary
screening trails, a light and dark roast version. The light roast version at
a 50 percent substitution level did not extract well as evidenced by the tea-
like transparent appearance of the brew and a preliminary extracted solids
determination (0.65 percent compared to 1.1 percent for the full recipe all-
coffee and the 50:50 coffee: dark roast wheat substitute brews). On this .basis,
only the dark roast substitute was subjected to further sensory evaluation.
Levels of substitution evaluated were 30 and 50 percent since in the preliminary
trials, the brew made from the latter level was characterized as being primarily
cereal—like in flavor with low coffee identity. Also included in the evaluation
was a consumer grain substituted coffee in which the exact level of substitution,
although not formally divulged by the manufacturer, was said to be about 36
percent,

Malted and Unmalted Barleys. These were whole barley grains roasted to
approximately a medium coffee-brown color and packed in No. 10 cans. Cans
containing the malted grains measured zero vacuum and the malted grains 610 mm
vacuum., The samples were submitted to NRDC in June 1977 as events leading to
the inception of this project were developing. Cans had been stored for three
and one half years at 40C refrigerator temperatures. When cans were opened,
the products appeared to be in excellent condition. This fact was cornfirmed
by preliminary assessments of coffee-barley brews prepared to verify the manu-
facturer's guidelines on use levels with R&G coffee. Because it was evident
that the coffee identity of a brew diminished drastically at a 40 percent
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replacement level, that level and a 20 percent level were determined to be
appropriate starting points for acceptance panel evaluations, Both barley

types were presented to a consumer panel with the 100 percent troop-issue coffee
reference beverage. Barley grains were ground in an Osterizer mill at low
speed, which resulted in a grind with a high level of small particles (fines).
This grind was hand blended with the appropriate amounts of R&G coffee before

brewing.

Roasted and Ground Pearled Barley Substitute. This.was a commercial product
sold as a coffee replacement or brew, It was a roasted and ground pearled
(dehulled) barley. Roast level was a light brown color. The product was received
ground and packaged in one-pound coated paper bags and had not been subjected
to storage stresses. Inasmuch as the product was sold for beverage use on an
"as is" basis, as well as for use as an extender, it was decided to replace
coffee in 25 percent increments to 100 percent. These four levels of R&G barley
were evaluated with the 100 percent reference coffee beverage. Although 75
and 100 percent substitution levels for coffee would not likely be used in
practice, it was thought appropriate to determine to what extent the resulting
beverage possessed coffee—like attributes.

Medium and Dark Roasted and Ground Whole—-Grain Unmalted Barleys. These
were freshly-roasted batches produced by the same vendor whose malted and unmalted
roast barleys were evaluated in the second experiment in this series. The
roasting runs were made on production-scale equipment operated in the late
1970s when several industrial firms, in response to high coffee prices, developed
all-grain coffeelike beverages and grain—substituted coffee products for retail

sale.

Two separate experiments were conducted on each barley grain roast level
at the same extension levels as the above experiment on Roasted and Ground
Pearled Barley, and with an all-coffee reference beverage. Barleys were ground
before brewing with a Kitchenaid Coffee Mill Model KCM set at the coarsest
grind setting., As with other equipment used for grinding, a high proportlon
of small particles (fines) resulted due to the fragile/brittle character of
the roasted grains. When ground, the medium roast color was closest to that
of the troop-issue R&G coffee; the dark roast ground barley color was distinctly
darker than both the R&G coffee and the medium roast grains.:

D. Miscellaneous Extenders ! roo

These were products that did not conform to the FSC description or could
not be classified under other headings.

Commercial Coffee Extender. The label declaration was: natural flavor,
sodium mineral salts and tri—calcium phosphate. The literature provided stated
that the product, when used in connection with at least a 40 percent reduction
in R&G coffee, would result in an acid-free beverage and approximately a 50
percent caffeine reduction. Conversations with developers of the product also
indicated that one of the ingredients functioned as a wetting agent, thereby
increasing the amount of solids extracted from R&G. coffee. The use level of
this product was unclear at the time of the experiment and the product provided

;
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was claimed to be formulated for military use. It was not divulged how the
formulation differed from that produced for other institutions. The vendor
recommended use of a fine grind R&G coffee (troop issue coffee is a somewhat
coarser grind that accommodates a variety of brewing devices).

In this experiment, the reference full and half-recipe R&G coffees were
included and two levels of R&G coffee with the extender product were prepared:
one beverage was a 40 percent R&G reduction at a 30:1 coffee:iextender ratio;
the other was a 50 percent reduction at a proportionately lower (25:1) ratio.
These recipes were based on an assumption that more extender would be required
at lower R&G coffee levels.

R&G Coffee with Instant Coffee Powder as an Extender. This experiment
was conducted as a result of a coffee extender Value Engineering proposal sub-
mitted by a NRDC food technologist.8 The suggestion recommended replacement
of 50 percent of the R&G coffee with an amount of instant coffee sufficient to
make up the loss of extracted solids. In this experiment, both full and half-
recipe R&G coffee brews were made up. In addition, each of the two R&G coffee
recipes was altered by reducing the R&G coffee by one-half and replacing it
with the calculated amount of instant coffee needed to replace the soluble
solids that would have been extracted from the R&C coffee. Because troop-
issue coffee on hand at the time of this experiment was overage, a fresher
commercial R&G coffee on hand was used as the base; a commercial spray dried
instant coffee was used as the extender.

R&G Coffees with Chicory., The following is a description of chicory
(Cichorum intybus). It is a hardy rooted plant related to the dandelion
family. The above-ground leafy portion is endive, a common ingredient of
green salads. The roots are grown in France, Belgium, and Holland. At
harvest in September, roots are typically 9.0 cm in diameter and 30 cm long.
Processing involves trimming, washing and cutting into 2.5 cm pieces, which
are air dried overnight., The roasting process is similar to that for coffee
beans, except that it is done for a longer time at lower air temperatures to
facilitate uniform color development. Roasted pieces are ground in a roller
mill and screened to a mesh size of six, The chicory is packed in
moisture-Broof containers for bulk shipment to.U.S. coffee roasters for
blending.,

Two nationally distributed commercial brands of vacuum canned R&G coffee
with chicory were included in the experiment., The chicory level in the blends
was not divulged but was said to be in the 35 to 40 percent range. Coffees
were brewed according to label directions. A third sample was an
institutional R&G coffee whose vendor stated it was unnecessary to use
extenders since his low moisture, dark roast and finely ground product would
produce a high quality beverage when one—third less than the troop-issue R&G
coffee was used, The fourth sample was the reference troop-issue beverage.

8N. Harris. Internal communication (1979).

+

M. sivetz. Coffee—Origin and Use. Corvallis, OR: Coffee Publications, 1973.
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E. Robusta Coffee Beans

During the first year of the project, personnel of the sponsoring agency,
DPSC, became interested in alternative coffee varieties as a possible means of
cost—-reducing the troop—issue coffee blend. Accordingly, investigation of
Robusta coffees was programmed for the second year.

Robusta coffee is a botanical variety commonly cultivated in African
countries and constitute about one-third of word coffee production. Although
the coffees vary in flavor, all are considered harsh in flavor and accordingly
less acceptable than the Arabicas (Brazilians, Colombians, etc.) and,.hence,
command a lower price on the world market. Their caffeine content is two
percent, twice that found in the Arabica varieties.®. According to the
conversations with the National Coffee Association (NCA), about one third of
the African production is imported into the U.S., and a number of consumer and
private label retail R&G coffee brands contain up to 25 percent Robusta
coffee. The NCA also stated there was a great variation among Robusta
sources, that they function as a filler to add body to brewed coffee, and, at
the time of the experiments, price incentive to use them was lacking. :

With the assistance of the NCA and the coffee industry, Robusta coffee
bean sources available on a continuing basis in the U.S. were located. They
were: Ivory Coast, and Ugandan coffees from Africa and one Indonesian source.
The first two sources are listed in the Federal Specification for Coffee.l0
However, at this writing they have not been allowed in procurement contracts
which, for purposes of product consistency, have been standardized at 70
percent Brazilian and 30 percent Colombian coffees.

Two approaches were taken to these experiments: first, after benchtop
screening trials, R&G Robusta coffees were added to the existing troop—issue
blend at various levels, in effect, as a substitute or filler; second, based
upon advice from an industry source, the troop-issue blend was reformulated,
using different proportions of the Brazilian and Colombian coffees with a
selected Robusta source.

For the first step, small batches of whole bean light and medium roast
Ivory Coast and Ugandan Robusta coffee beans were provided by the laboratory
of a commercial coffee roaster. These were ground and and added to
troop-issue canned coffee in five percent increments up to 25 percent to
determine roughly at what substitution level the flavor of the Robustas was
first noted and then became dominant. Based upon these sensory observations,
the medium roast coffees and three substitution levels were selected for
inclusion in consumer panel studies.

In the second step, the troop-issue blend was reformulated to include the
Robusta coffee (Ivory Coast) beans that, after consideration of sensory and
other quality evidence from the preceding studies, were considered best. Upon
advice of an industry source the ratio of Brazilian to Colombian was changed
to 50:50 and the effects of Robusta level at 20 and 30 percent were investigated.

10pederal Specification, Coffee, HHH-C-571E, November 21, 1977..
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Two separate studies were conducted: (1) green coffee beans blended before
roasting and (2) separately roasted coffee beans blended after roasting. For
these trails, green coffee beans were procured from an industrial source and
one pound capacity gas—fired batch roasters of a local coffee purveyor were
used to roast them to the appropriate levels. Following the laboratory
trials, the blend and blending procedure were selected for field (dining hall)
trails.

With these experiments, the laboratory investigations were concluded.

Field Evaluation of Coffee Extenders and Alternative Blends

As part of the project, four separate field trails were conducted. The
first at Fort Campbell, KY, tested a commercial R&G coffee preblended with a
caramel-based extender. In this trail, the amount of extended coffee used in
the recipe was one half that customarily used in each dining facility. The
second test evaluated roasted and ground barley-substituted coffee at Pease
AFB, NH, A third test was of a revised R&G coffee blend containing 30 percent
Robusta coffee beans at Fort Devens, MA. The fourth trial was a three-—
services evaluation of R&G coffee preblended with a caramel-based extender.
For this test, reference and sample brewing recipes were tightly controlled.

A. Fort Campbell, KY

Seven dining facilities, primarily serving enlisted personnel, were
involved in the survey. The size of the facilities varied from a small NCO
unit to- consolidated, company-size units. Also included was the Army Hospital
Dining Facility. Facilities were allowed to use the recipe and measurement
procedure they customarily used for brewing coffee.  The level of preblended,
extended coffee was then set at one-half that level. 'It was learned on pre-
survey visits to each test site that methods of measuring R&G coffee for
brewing were highly variable. Therefore, each food ‘'service supervisor was
asked to demonstrate how the coffee was measured, and the result was then
estimated in terms of volume units on the AFRS recipe card. Six facilities
used volume measures other than measuring cups or spoons, e.g., a coffee cup
or a soup spoon. The hospital weighed the coffee. Five of the dining
facilities used the automatic 12-cup brewers; the hospital and one large
consolidated facility were using two-side, three-gallon automatic urns.

-Surveying was conducted during a four day period, Tuesday through Friday.
Two coffees were evaluated: (1) the canned troop-issue R&G coffee in use at
the time at each facility ("full recipe") and (2) a preblended, extended R&G
coffee procured by the Base from a local vendor ("half recipe'"). The extended
coffee product was packaged in eight-oz paper bags with a polymer lining.
Bags were folded over and glued; they were not heat sealed. This coffee had
been in dry storage approximately a month before the survey visit, and the
aroma indicated some staling had occurred. In the original test plan
proposal, a third coffee without the extender product had been included, i.e.,
the vendor's coffee without extender at full recipe, inasmuch as his blend of
coffees was not divulged. This, however, was not accepted by the Base or the
vendor. The two coffees were served on alternate days at each facility.
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On Day 1, four facilities served the extended product and three the
troop-issue R&G coffee. The next day, facilities were instructed to serve the
other coffee, and so on, through the fourth day. Most surveying was done at
the breakfast meal; attempts were made to survey at noon meals but due to low
consumption, this was abandoned. Dining facilities provided enlisted food
service assistants to help with Consumer Opinion Card distribution and
collection. -

B. Pease AFB, NH

The enlisted dining facility at this Base was used to evaluate the troop-
issue coffee the base was using versus the same R&G coffee substituted with
approximately 50 percent dark roasted and ground barley (RGB). This level and
roast of barley was found to have a somewhat higher level of coffee-like
characteristics than the medium roast barley as well as equal acceptability in
laboratory evaluations. Consumer Opinion Cards were handed to all patrons who
were observed with coffee on their trays. On day one of the evaluation, the
troop~issue coffee in stock was surveyed. The following day, the barley
substituted beverage was served and surveyed. Due to lack of a scale on site,
measurement of coffee and barley proportions for mixing was by volume. By
weight, three standard coffee measures of RGB equalled four measures of R&G
coffee. Similarly, measurement for brewing was by volume. An automatic 12-
cup brewer was used. Data were collected only at the breakfast meal because
observations at other mealtimes revealed coffee consumption to be light.

C. Fort Devens, MA

The purpose of this field trail was to evaluate the present troop—issue
blend (70 percent Brazilian, 30 percent Colombian) versus a revised blend that
included a Robusta coffee (35 percent Brazilian, 35 percent Colombian and 30
percent Ivory Coast Robusta). The latter blend was found to perform well in
laboratory evaluations., All R&G coffee for this test was provided by NRDC to
assure that both blends would be of equivalent freshness. Green coffees were
procured from a commercial source and pre-roast blended.  Thirty pound lots
were roasted at the local roasting plant used previously in a gas—fired batch
roaster. After roasting, coffee beans were ground fto Universal grind
specifications and filled into a 15-gallon, sanitary plastic pails with tight,
snap—on lids. When the coffee was used in the dining halls, four days had
elapsed since roasting and grinding.

Two consolidated dining halls were used for the study and surveyed on two
consecutive weekday breakfasts. Order of serving the two blends was balanced
between the two facilities. Dining halls were permitted to use their normal
recipe for automatic urns, which was close to the AFRS card and approximated
one pound per three gallons water at both sites. The appropriate blends were
delivered the afternoon prior to the morning used, to avoid confusion by food
service personnel as to which coffee to use. Over the two days, 889 valid'
responses were collected for the troop—issue and 848 for the revised blend.
Percentages of patrons taking coffee over the two days ranged from 20 to 25
percent.
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D. Three Services'Evaluation of R&G Coffee with Caramel-Based Extender

The NRDC was tasked by the Armed Forces Product Evaluation Committee
(AFPEC) to evaluate the acceptability to Armed Forces personnel of three
coffee recipes. The primary test objective was to determine whether .
acceptability differed among the recipes. Acceptability was assessed by means
of the hedonic scale on the Consumer Opinion Card for coffee.

The three recipes evaluated weére:

a, Full strength roasted and ground'(R&G);
b. Half strength R&G with Extender;
c. Half strength R&G without Extender.

Recipe A represented the 75% strength brew proposed to Change #1, Armed
Forces Recipe Service.’ Recipes B and C, the reduced R&G levels, represented
a reduction in strength to 50% of recipe A.

Test Plan

.

The experimental design was a Latin square, as shown below.

1 2 3 ¢
Air Force A B C A = Full
TEST Navy C A B B = Half. strength R&G with Extender
SITES Army B C A C = Half strength R&G without Extender

As indicated above, the design included three independent variables: test
site, order of presentation and coffee recipe. Three sites were used for
testing, and each coffee recipe was served at each site, The order of
presentation of the recipes was balanced, in accordance with the Latin Square
design., Each recipe was tested once during each test period. The order of
testing was determined randomly,

Dining facilities were selected by the Services as test sites, two on-
base sites (Fort Eustis and Langley AFB) and one shipboard site (USS Emory S.
Land, docked at Norfolk Navy Shipyard, VA). Site selection met the following
conditions: (a) distribution across the US Army, US Air Force and US Navy;
(b) nearness to each other, to facilitate simultaneous testing at all three;
(c) an attendance at the dining facilities sufficient to generate an adequate
number of customer responses.,

Each coffee recipe was served for all meals over a two—day period.
Responses were collected during the breakfast and midday meals each day.
After the two days of surveying, the next recipe was introduced. Six days of
testing were thus required at each site for equal presentation of all three
recipes. Because surveying was conducted simultaneéusly at all three sites,
all data collection was completed after one six-day period.
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The NRDC-procurred coffee was Coffee, Roasted, Ground, Universal Grind, Blend
3-1b can, FED. SPEC. HHH-C-571, Type (IIIB). The extender (E-1 in Experiment
B-1, Results and Discussion) was purchased from a commercial source.

All R&G coffee used for the test was removed from.the original containers
at NRDC. Coffee for recipes A and C were mixed ‘for’ 15 minutes in a twin-shell
blender, then transferred to a ribbon blender and mixed an additional 15
minutes. The extender product used with the coffee recipe B was added to a
portion of the R&G coffee and premixed for 15 minutes in the twin—shell
blender. Then, the premix was added to the remaining portion of coffee in the
ribbon blender and mixed for an additional 15 minutes. The final coffee:
extender ratio was 22:1 per vendor recommendation. '

The cans were then labelled "A," and "B," or '"C" and shipped to the test
sites. Prior to the evaluation, the Army and Navy sites reported using the
100% recipes, whereas the Air Force reported using the revised 75% strength
recipe. For this survey, it was decided to instruct all sites .to use the 75%
strength recipe as the standard brew (recipe A).

At the Army site, coffee was brewed with an automatjc urn. At the Navy
and Air Force sites, 12-cup automatic coffee makers were used. Coffee
preparation during data collection periods (breakfast and midday) was
performed by or under the direct supervision of NRDC personnel. A senior NRDC
research psychologist supervised data collection at the three sites and
monitored coffee beverage preparation. Consumer respondents for this survey
were personnel patronizing the dining facilities. Number of responses
collected in each Latin square cell ranged from 47 to 160, with an average of
112, A total of 1,010 responses was collected over the six—day period.

Treatments to coffees in the coded containers were known only to NRDC
personnel, In addition, food service workers at the sites were unaware of the
coffee recipe being used. During mealtimes data collectors approached
customers observed drinking coffee with the request '"We are interested in your
opinion of the coffee you are drinking, would you please fill out this card?"
Each customer was handed a response card and asked to drop the completed card
in a clearly marked box on leaving the facility. Pencils were provided as
needed. Respondents' queries about the type of coffee being served were
answered with the statement '"We are testing several different kinds of coffee
and are interested in how you feel about the coffee you are drinking now." No
additional information about the test was volunteered.

Ratings for each quality-related attribute and acceptability were
analyzed by analysis of variance (ANOVA). Three main factors were assessed:
test site, test day and coffee recipe. The first two factors were
incorporated into the model in order to reduce error variance and increase
the sensitivity of the statistical test to the differences among recipes.
Statistical significance was assessed by a two df test of each effect, using a
preset p = 0.05, )

The Latin Square design required the assumption that no interaction
exist. The presence of an interactidn would confound, to an undetermined
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degree, the main effects. For example, a site by time interaction would
confound the main effect of coffee. Thus, the statistical analysis (ANOVA)
included computation of an interaction term.

RESULTS AND DISCUSSION

Data are reported in the same order that the experiments were outlined in
the previous section. Some experiments, as previously indicated, involved
trials of alternative attribute Scales, which led to finalization of the
Consumer Opinion Card for coffee. In these cases, the additional statistical
routines employed to correlate these scales with other measures are reported
in Appendix A, Also reported with each experiment are analytical data on
total extracted solids. In those experiments in which coffee drinkers were
selected randomly, the percentages of panelists who used whitener and sugar
are reported. For convenient reference, brewing recipes are given for the
samples in each table.

Series A. Experiments on R&G Coffee

A, Experiment A—-l. R&G Coffee without Extenders

As indicated in Table 2, there were no significant differences among the
three troop—issue coffee vendors with respect to five quality-related
characteristics of appearance, aroma, flavor, bitterness, mouthfeel or
acceptability. Informal sensory observations suggested considerable
differences due to blend; for example, beverage No. 1 had a high bitter
component while the beverage No. 2 had a mild, aromatic (fragrant)
characteristic, However, no significant differences were perceived by the
consumer judges on bitterness or aroma scales, respectively. This test
suggested that variations in blend were not suffigient to affect consumer
ratings and, thus, any source of troop—issue would be suitable as a hase for
further experiments. Subsequent to this evaluation, Defense Personnel Support
Center (DPSC) decided that all future solicitations for R&G coffee would
standardize on the 70 percent Brazilian, 30 percent Colombian blend, to
minimize the occurrence of field complaints.

B. Experiment A-2. Troop—-Issue Coffee versus Popular Consumer Brands

Brand 4 was rated significantly darker in appearance than the other three
brands, as indicated in Table 3. It was noted before brewing that its roast
level was darker than the other three brands. The only other significant
effect from the test was the mouthfeel rating; Brand 1 was rated significantly
lower than Brands 3 (troop—issue) and 4. This was unexpected inasmuch as the
analyzed extracted solids levels were virtually identical. Perhaps the
coffees used in the Brand 1 blend contributed to a different mouth sensation
than that experienced by consumers with the other brands. Acceptability
levels were low, as they were for the troop—issue coffees evaluated in the
previous experiment, A—-1, Although not significant, a flake ground coffee
(Brand 2) rated lower in strength of coffee flavor and bitterness than the
other coffees. The percent solids in the extract was about 0.1 percent lower
compared to the 17 percent weight reduction in the recipe. Thus, the
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Table 2. Troop—Issue Coffees, Three Vendors

Vendors Number and Formula

Attributes Rated* 1. 90 ¢ 2. 90 g 3. 90 ¢g
Appearance . 6.4 % 1.4 6.0 1.5 6.6 X 1.1
Coffee Aroma - 5.2%2.0 5.2 % 1.5 5.6 X 1.7
Coffee Flavor 5,1 % 2.1 5.2%1.7 5.7 % 1.5
Bitterness ) 5.8 2.1 6.2 % 1.7 5.9 % 1.6
Mouthfeel 5.2 % 1.4 5.6 1.2 5.4 1.3
Acceptability 4,6 2.1 4,8% 1.8 5.0 1.8
Extracted Solids Analysis (%) 1.03 1.06 1.03

~

’ - ¢

% No significant differences among coffees with respect to any quality
characteristics or acceptability. Ratings were by randomly chosen coffee

drinkers; no record was kept of whitener and sugar usage since the interim

test form used did not request the information.

are followed by standard deviations.

Table 3. Three Commercial R&G Coffee Brands and Troop-Issue Coffee

Coffee Brand and Recipe*

Nine—category scale means

Attributes Rated** _ 1. 90 g 2. 75 g , 3. 90¢g 4, 90 g
Appearance 70%1.1b 7.0%1.0b 6.8 7%1.0b 7.6 * 0.8
Sfrength of Coffee Flavor 6.4 1.88a 5.9%1.7a 6.61 1.6a 6.5'i 2.0a
Strength of Bitterness - 6.4%1.7a 59%1.6a 6.5%1.8a ¢,2+2.1a
Strength of Sourness 4.9 2,28 4,7%2.2a 5.1%23 51+2.2a
Mouthfeel : 4,91 1.8b 5.2 % 1.4ab 5.8 % 1.3a 5.8+ 1.4a
Acceptability 4,5%2.1a 4.8%1.9a 5.2120a 4.7+ 2.0a
Extracted Solids Analysis (%) 1.06 0.92 1.08 1.01

¥ Brand 3 was Troop-Issue coffee. Brand 2 was a flake ground coffee; recipe

was that recommended for a "13 ounce pound."

*% For each attribute, row means followed by different letters are
significantly different (p<0.05). Consumers, selected drank coffee black.
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"extension" of R&G coffee through alteration of the roasting and grinding
process {reducing bulk density) would appear to have merit. .

C. Experiment A-3. Strength (Recipe) Test, Troop—Issue Coffee

Data are presented in Table 4, Averaged across the two consumer groups,
there were no significant differences between the 125 percent and reference
(100 percent) recipes in appearance, coffee aroma, bitterness, and mouthfeel.
With these same attributes, theré were significant decreases in ratings
between each incremental decrease in recipe below the reference level. With
respect to acceptability, the 75 percent recipe was rated significantly higher
than the 50 percent, and ratings among the 125, reference and 75 percent
recipes did not differ significantly. Although consumer panelists
demonstrated they could distinguish between reference and 75 percent recipe
levels on the basis of the five gquality-related attributes, there was no
corresponding difference in acceptability ratings between these two recipes.,
It should be noted that, as ratings for attributes such as bitterness and
coffee flavor decreased, acceptability ratings increased marginally until the
50 percent recipe was reached. This suggested that, on the basis of
acceptability alone, the present coffee brewing recipe could be further
optimized by a 25 percent reduction in recipe withouyt the use of extender

products.

Evidence for the bitterness—acceptability relationship can be observed in
Appendix A where a slightly negative correlation coefficient can be noted;
also contained in this Appendix are the other attribute correlations from this
experiment, which lead to further refinement of the consumer rating form.

5

Series B. Caramel—-Based Extenders .
A. Experiment B—1. Three Commercially Available Coffece DExtender Producis

Results are given in Table 5., Consumer panelists perceived the coffee
beverages with extender to be darker in appearance than the reference recipe
without extender, The group using whitener and sugar rated the reference and
one-half reference recipe beverages darker than the group who drank the coffee
black. The extent of the difference was unexpected, but it should be noted
that panelists were instructed to make the judgment before adding whitener,
This difference in ratings resulted in a significant F-ratio between groups.
In addition, there was a significant coffee—consumer group interaction for
appearance, not shown in the table.

Similar rating patterns were observed with the coffee flavor, bitterness,
and sourness attributes, The reference recipe beverage rated significantly
higher than the three coffee plus extender beverages which in turn rated
higher than the half reference recipe beverage without extender. Adding the
extender products to a half recipe level of R&G coffee produced an apparent
enhancement of coffee flavor strength compared with the half recipe coffee
beverage without extender. Panel ratings, however, may have been biased by
the dark appearance of the beverages. This observation carried over, to some
degree, to the bitterness attribute wherein the extended beverages were rated
somewhat more bitter than the half recipe coffee. The same relationship
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Table 4. Strength (Recipe) Evaluation, Troop Issue R&G Coffee without Extenders

Consumer Group .

) Forﬁula j Used Cohbined i
Attributes % Of .Drank Whitener Group - F-Ratio
Rated Ref. Grams Black & Sugar Means¥* Groups

(N=32) (N=32) (N=64) (1,62)

Appearance 125 112.5 7.3*1.1 6.871.3 7.0X1.2a '0.76, NS
100 90.0 6.9 1.3 6.7 1.3 6.87% 1.3a
75 " 67.5 6.0r 1.6 5.8 1.4 5,9 % 1,5
50 45.0 b4.6% 1.6 4.6 1.5 4.47% 1,5

Coffee Aroma 125 112.5 55%2.0 5.7%Y1.7 5.6+ 1.8a. 0.72, NS
100 90.0 5,3%1.9 5.3*1.9 5,37% 1.9
75 67.5 4,4 1,9 5,0X1.3 4,77% 1.6b
50 45.0 3.311.8 3.7%X1.6 3.5%1.7¢c

Coffee Flavor 125 112.5 6.4*1,5 5.8+ 1.8 6.1%1.7a 1.95, NS
100 90.0 5.9 1.7 5,321 562%1.9%
75 67.5 . 5.0%r2.0 5.0X1.8 5.0ZX 1.9
50 45,0 4,23 1,9 3.5*%1,6 3.97% 1.8d

Bitterness 125 112.5 6.2+2.1 6.3*1.3 6.2 1.7a 2.57, NS
100 90.0 633 1.4 5.2 2.4 .5,77% 2.0a
75 67.5 5.2+ 2,0 4.8X2.0 5.0 2.0b
50 45,0 4,21 1.9 3.4%1.8 3.8% 1.9

Mouthfeel 125 112.5 6.0* 1.4 5.7+1.5 5.87% 1.4a 2.34, NS
100 90.0 6,0 1.3 5.2 1,7 5.6 % 1.5a
75 67.5 5.2% 1.5 5.2%20.9 5.2%1.2
50 45,0 4,33 1.6 3.9%1.3 4,171 1.5¢

Acceptability 125 112.5 5.0%r1.8 4.9*1.8 5.0 1.8ab 0.27, NS
100 90.0 5,23 1.8 5.2%2.3 5,27% 2.0ab
75 67.5 5.4 1,7 5.2%1.8 5.3%1.7a
50 . 45.0 4,720 4.64% 1.8 4.62F 1.9

* Extracted solids levels, in percent for the four bevgrages were as follows:
112,5 g, 1.38; 90 g, 1.05; 67.5 g, 0.7a; 45 g, 0.53. Data are averages of
two duplicate determinations.

%% For each attribute, combined group means followed by different letters are
significantly different (p <0.05). i
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Table 5. Evaluation of Three Caramei—Baéed‘Extender Products

Consumer Group

Recipe*
Grms. Coffee . Used Combined
Attributes + Grms Drank Whitener Group F-Ratio
Rated Extender (E) Black & Sugar - Means*# Groups
(N=35) (N=35) (N=70) (1,68)
Appearance 90 + 0 (Reference) 6.6 X 1,1 7.3'% 1.2 6.9b 5.43, significant
(Before adding 45 + 0 3.2%1.3 5.17%1.7 4.1c¢ at P=0,02
cream) 45 + 2,25 (E1) 8.1*1.0 7.8%f1.1 8.0ab
45 + 2,25 (E2) 8.1 0.9 8.27%0.8 8.2a
45 + 2,25 (E3) 7.6 £ 1.0+ 7.7 % 1.1 7.6ab
Strength of 90 + 0 (Reference) 6.6 X1 1.7 6.9 1 1.3 6.5a 2,71, not
Coffee Flavor 45 + 0 3.6 1.9 4.3%1.9 3.9¢ significant
45 + 2,25 (E1) 5.4 1.5 5.2%1,9 5.3b
45 + 2,25 (E2) 5.2%1.8 582%1.9 5.5b
45 + 2.25 (E3) 5,7+ 1.8 5911.8 5.8b
Strength of 90 + 0 (Reference) 6.4 % 1.7 6.4 1.1.6 6.4a 0.00, not
Bitterness 45 + 0 3.7% 1.9 4.6 2.3 4.2¢ significant
45 + 2,25 (E1) 4,81 1.8 4.3 1.9 4.5bc
45 + 2,25 (E2) 4,71 1.9 4.,5% 2.2 4,6bc
45 + 2,25 (E3) 5.2% 1.9 5,0%2.1 5.1b
Strength of 90 + 0 (Reference) 4.9 X 2.2 4.41 2.5 4.7a 0.11, not
Sourness 45 + 0 3.2%1.8 3.7*%f2.1 3.5¢ significant
- 45 + 2.25 (E1) 3.8 2.0 3.6%1.7 3.7bc
45 + 2,25 (E2) 4,0+t 1.8 3.6*2.0 3.8bc
45 + 2,25 (E3) 4,2+ 2.2 4.1%2.2 4.2b
Strength of 90 + 0 (Reference) 5.3 % 1.3 5,721 1.3 5.5a 2.31, not
Sourness 45 + 0 3.5% 1.3 4.3%1.5 3.9¢ significant
45 + 2.25 (E1) 4.8 1.5 5.27% 1.4 5.0b
45 + 2.25 (E2) 5.0 1.4 5.2%1.5 5.lab
45 + 2,25 (E3) 5.5 % 1.2 5.3%f1.4 5.4ab
Acceptability 90 + 0 (Reference) 4.9 X 2.0 4.87F 2.4 4,8ab 0.29, not
45 + 0 4.3*1.9 4,7%1.6 4.5b significant
45 + 2.25 (E1) 56 1.7 5.6 1.9 5.6a
45 + 2.25 (E2) 5.4 1,6 5.87% 1.5 5.6a
45 + 2.25 (E3) 5.6 1.8 5.4%2.0 5.5a
* Extracted solids levels in percent, for the five beverages were as follows: (1)

90 + 0, 1.09; 45 + 0, 0.54; 45 + E1, 0.73; 45 + E2, 0.77; 45 + E3, 0.79. Data are
averages of two duplicate determinations.

Yok The BMDPZV Program (Health Science Computing Facility, University of California, Los
Angeles), used to compute the ANOVA, did not provide stapdard deviations for means
computed across groups. For each attribute, combined group means followed by
different letters are significantly different (p < 0.05).
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occurred for sourness which was not as intensely perceived an attribute as
bitterness. For all three attributes, however, the reference recipe beverage
rated significantly higher than all other treatments. Although producers of
these extender products claim reduction of bitterness and coffee acids through
use of their products, the claim is not supported when comparing equal R&G
recipe levels with and without extender. The claim would only seem
supportable if the R&G coffee level ifself was reduced.

Ratings for the mouthfeel attributes were equivalent between the
reference recipe and the extended coffees, but the half recipe beverage
without extender was rated significantly thinner than all other samples. (For
scale used in this experiment, see Figure 1, Appendix A.) Again, the dark
appearance of the extended beverages may have produced the impression of a
heavier mouthfeel. The extracted solid analyses (see footnote*, Table 4) did
not support the observed equivalency of ratings; however, at these relatively
low levels, sensory differences may either have been imperceptible or a
reaction to differences in other attributes such as strength of coffee flavor.

Acceptability of coffee beverages with extenders was higher than the full
recipe beverage without extender but the difference was not statistically
significant. Again, as will be noted in Appendix A, Table A-1, there was a
slight but nonsignificant negative correlation between bitterness and
acceptability. This may explain in part the apparent increase in
acceptability. Half-recipe coffees with extender were significantly higher-—
rated than the half-recipe beverage without extender, which followed the same
trend as for the coffee flavor attribute.

A significant finding was that, from a sensory viewpoint and regardless
of ingredient and formula variations, the commercial caramel-based extenders
used in this experiment were generically identical. 'Thus, if a caramel-based
extender product meets the requirements of the FSC listed item, no significant
sensory differences in performance would be expected. '

B. Experiment B—2. Investigation of a Commercial Extender at Levels
Proportional to the R&G Coffee Recipe :

Because caramel-base extender products were found to function generically
in combination with R&G coffee in the previous experiment (B-1), the E2
product from that experiment was arbitrarily selected for this investigation.
Results are presented in Table 6. As in the previous experiment (B-1), the
appearance of the beverages with extender was judged significantly darker than
the beverage without extender; it should be noted that there was no difference
in darkness between the extended beverages even though the 10:1 coffee:
extender ratio beverage contained a 50 percent higher extender level than the
20:1 ratio beverage. :

Similar rating patterns as those observed in experiment B~1 were observed
for the coffee flavor, bitterness, and sourness strength scales. The’
reference recipe had the highest perceived strength on all three scales; the
difference between reference and extended beverages was significant for
bitterness and sourness. The 10:1 ratio beverage was rated significantly
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Table 6. Extender E2 Used at Levels Proportional to R&G Coffee in Recipe
Consumer Group
Recipe*
Grms. Coffee Used Combined
Attributes + Grms Drank Whitener Group F-Ratio
Rated . Extender (E2) Black & Sugar Means#% Groups
(N=33) (N=34) (N=67) (1,65)
Appearance 90 + 0 (Reference) 6.5 % 1.4b 6.5 % 1.2b 6.5 1.3b 0.61, not
(Before adding 45 + 0 3.4%1.7¢c 4.1%1.8¢c 3.7%1.8¢ significant
cream) 60 + 3.0 (20:1) 7.8 0.9a 8.0 0.9a 7.9 % 0.9a
45 + 4.5 (10:1) 8.2%1.0a 7.9%1.22a 8.07%1.1a
Strength of 90 + 0 (Reference) 6.1 % 1.8v 6.3 % 1.5a 6.21 1.6a 0.54, not
Coffee Flavor 45 + 0 3.5% 1.9¢c 3.9*1.5p 3.7%1.7¢ significant
60 + 3.0 (20:1) 6.0 1.8a 5.9%1.8a 5.9 1.8ab
45 + 4.5 (10:1) 53X 200 5.7 1.6a 5.5 1.8b
Strength of 90 + 0 (Reference) 6.1 % 1.9a 6.3 % 1.8a 6.2 % 1.8a 0.20, not
Bitterness 45 + 0 4,2 % 2,0c 4.17% 2.0c 4,17 1.9¢c significant
60 + 3.0 (20:1) 5.4 1,7ab 5.1 £ 1.9 5.3 X 1.8b
45 + 4.5 (10:1) 50% 2.1b 4.6 % 1.7bc 4.8 % 1.9b
Strength of 90 + 0 (Reference) 4.8 % 2.0a 4.6 X 2.4a 4.7 % 2.2a 0.63, not
Sourness 45 + 0 3.5%1.8p 3.7%2.2b 3.6%2.0b significant
60 + 3.0 (20:1) 4.6 ¥ 2,22 3.7%2.1b 4.1 7% 2.2
45 + 4.5 (10:1) 4,1 % 2,2ab 3.6 X 2.3b 3.97F2.2b
Mouthfeel 90 + 0 (Reference) 5.1 % 1.5a 5.5% 1.3a 5.3 7% 1.4a 0.51, not
45 + 0 3.8 % 1.6b 3.9%1.5p 3.9F1.5b significant
60 + 3.0 (20:1) 5.1 %Y 1,2a 5.3% 1.4a 5.27F 1.3a
45 + 4,5 (10:1) 5,2 % 1.6a 5.3%1.2a8 5.37% 1.4a
Acceptability 90 + 0 (Reference) 5.1 % 1.8a 4.9 2.1b 5.0%1.9a 2,94, not
45 + 0 4,0 1.70 4.8 1.7b 4.4 % 1.8b significant
60 + 3.0 (20:1) 5.1 21.8a 5.62% 1.9ab 5.4 % 1.8a
45 + 4,5 (10:1) 4,8% 1.8a 5.9*1,9a 5.3%1.9a
* Extracted solids levels in percent, for the four coffee + extender beverages were as
follows: (1) 90 + O, 1.04; 45 + 0, 0.55; 60 + 3.0, 0.88; 45 + 4.5, 0.77. Data are

averages of two duplicate determinations.

o

significantly different (p <0.05).
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higher in coffee flavor and bitterness than the half recipe coffee without
extender. These data were evidence that using a higher extender level would
not increase the perceived levels of these attributes compared to an extended
coffee beverage made from more R&G coffee ingredient and a lower extender
level. There was a consistent decrease in ratings, i.e., the less coffee in
the combination, the lower the ratings,

On mouthfeel, the reference recipe and extended beverages received
equivalent ratings, and the half recipe beverage without extender was rated
significantly lower than these three samples. As in experiment B-1, a biasing
factor may have been the appearance cue, i.e., the high darkness levels of the
extended beverages. :

As in the previous experiment (B-1), although extended beverages were
rated higher, there was no significant difference in acceptability between
them and the reference-recipe beverage. This occurred even though significant
differences in taste-related attribute ratings were found between the same
samples., Finally, acceptability of the half-recipe beverage without extender
was significantly less than the other three beverages. Because no significant
differences were found in flavor/taste attribute ratings when coffee and
extender levels were manipulated; it was decided to discontinue further
experimentation in this area and follow vendor reconmendations regarding
recipe and ratio of coffee to extender, typically 20:1.

C. Experiment B—3. Evaluation of Three Commercial Preblended Extended R&G
Coffees :

Results are given in Table 7. In appearance, PBE coffees 2 and 3 were
rated significantly darker than the reference recipe troop—issue and all-
Colombian coffees. PBE coffee 1 was rated equivalent to troop-issue in
appearance, likely because the fill weight of the packets was about 16.5
percent less than PBE coffee 3 which was equivalent to one-half the reference
recipe. The all-Colombian R&G was perceived the lightest in appearance, which
may have been due to the observed light color of the roast (lighter than troop
issue).

With the extended coffee beverages, ratings for the taste-related
qualities seemed related to the fill weights of the packets. Ratings for-
coffee flavor, bitterness and sourness were significantly higher for PBE
coffee 3 (highest fill weight) than for PBE coffee 1 (lowest fill weight);
although a trend was evident, ratings for these attributes between PBE coffee
3 and PBE coffee 2 were not significant. Differences in bitterness and
sourness were not significant between troop—issue and PBE coffee beverage 3;
this result may be explalned by benchtop observations that described PBE
coffee 3 as "burnt" in aroma and flavor. Differences in the three attr1butes,
however, between troop-issue and the other two PBE beverages were significant.
The all-Colombian beverage rated 51gn1flcantly lower in coffee flavor than
troop-lssue, a function perhaps of "noncoffee" characteristics observed in the
beverage, i.e., weedy, solventy, green, and earthy.
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Table 7. Three Commercial Preblended Extended (PBE) R&G Coffees

Troop Issue All-Colombian PBE Coifee
No. 1 with
Extender El

PBE Coffee
No. 2 with
Extender E2

PBE Coffee
No. 3 with
Extender E3

Recipe/Packet '
Weight (gms) 90 90 38% 42, 5% 45,5%
Extracted Solids (%) 1.09%% 0.92 0.46 0.56 0.64
Attributes”
Appearance (Before
adding cream) 6.6 % 1.2 5,5%1.6c 6.41 1.5b 7.6 Y 1.4a 7.7 % 1.4a
Strength of
Coffee Flavor 6.6 7 1.9a 5.6 Y 2.0b 4.6 % 2,0c 5.4 Y 2,0bp 5.8%2.2b
Strength of
Bitterness 6.2 % 1,8a 6.1 % 1.9a 4.5%2,2¢ 5.2 % 2.1bc 5.8 % 2.1ab
Strength of
Sourness 6.0 % 2.0a 5,8 ¥ 2.1a 4.2 %2.2¢ 4.6  2.3bc 5.2 % 2.3ab
Mouthfeel 6.2 % 1.5a 5,41 1.,6b 4.5% 1.9¢ 5.0F 1.8bc 5.5 F 1.6b
Acceptability 4,9 F 2.4a 4,0 ¥ 1,92 4.2 % 1.9a 4,1 ¥ 2,02 4.27% 1.9
%* Average weights of two packets.
ok Average of two determinations,
+ For each attribute, row means followed by different letters are significantly

different (p < 0.05). Number of panelists = 40.
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Differences in the mouthfeel attribute also seemed related to packet
weights of the PBE coffees; the troop—issue beverage was:rated significantly
heavier in mouthfeel than all PBE coffees. The all-Colombian beverage rated
significantly lower than troop—issue in this attribute, again perhaps a
function of its noncoffee character. Finally, in acceptability, the troop-
issue beverage was rated higher than all other beverages, but the difference
was not significant..

Results of this experiment should be interpreted with caution inasmuch as
significant differences in attribute ratings among the PBE coffees may not
arise from the extender products but from differences in (1) fill weights of
packets; (2) green coffee blends; (3) roast level, and (4) grind. None of
these variables was controllable in this experiment. Nevertheless, as in the
previous experiments, attribute differences did not, in turn, lead to
significantly different acceptability ratings. - ‘

D. Experiment B~4. PBE Coffees Containing Extender El

Results are displayed in Table 8. The full recipe (70 g) blends 1 and 2
with extender El were rated significantly darker in appearance than the half
recipe amounts of the same blends with the extender. Mean rating levels of
the 70 g recipes were equivalent to those obtained in the previous experiment
(B-3) at the 45 g recipe range (PBE coffees 2 and 3). Thus, using a
significantly greater increment of an extended coffee would not be expected to
result in a significant increase in perceived darkness. The rating for the
35 g recipe of Blend 1 was the equivalent to the rating for PBE coffee 1 in
the previous experiment which contained the same extender and was brewed at
nearly the same recipe. Blend 2 at 35 g was rated significantly lighter in
appearance than Blend 1 at the same recipe level. This was apparently due to
the lighter roast color of Blend 2 as well as other sensory observations
(flavor) that it was composed of different coffee beans.

Table 8. Preblended Extended Coffee Beverages Containing Extender El .

Blend 1 ~ Blend 1 Blend 2 Blend 2

Recipe (g) 70 35 70 35
Attributes®

Appearance 7.8 2 1.2a 6.4 ¥ 1.1b 7.22%1.2a 4.7 % 1.6¢c
Real Coffee Flavor 6.0 X 2.2a 4,5 X 1.8b 5.4 % 2,3ab 3.6 ¥ 2.0c
Bitterness ' 6.2 +1.8a 5.0% 1.8bc 5.7 % 1.8ab 4.3 F 2.0c
Mouthfeel 5.2%1,7a 4.2%t1.4 5.0%1.7a 3.57% 1.6¢c
Acceptability 4,8 2.2a. 4.8% 2,02 4,9%2.0a 3.82 1.8a

* For each attribute, row means followed by different letters are
significantly different (p < 0.05). Coffee drinking patterns of 32 member
panel (in %); black - 31.2; whitener - 28.2; sugar - 0; both 40.6.
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For the taste—related attributes of coffee flavor and bitterness, the
full recipes of each blend were rated significantly higher than the half-
recipe beverages of the same blends. Again, apparently due to roasting and
blend composition variation, Blend 1 was rated higher than Blend 2 at both
recipe levels. (Note: the sourness attribute was eliminatéd from the
Consumer Opinion Card for reasons outlined in Appendix A.)

Mouthfeel ratings reflected the twofold difference in recipe level; the
.70 g recipe were perceived as significaently heavier in mouthfeel than the 35 g
recipes. . The contrast was greater with Blend 2 than with Blend 1, but both
were perceived as slightly to moderately watery at the 35 g recipe level,

Ratings for acceptability were not significantly different among the four
samples. Although ratings for coffee flavor and bitterness were lower for
Blend 2 than for Blend 1 at the 70 g recipe, they suggested that the mild
coffees, which probably made up Blend 2, were equally acceptable at this "full
strength" recipe level. On the other hand, at the half-recipe level (35 g) of
the same blend, considerable acceptability was lost, probably due to dilution
0f the mild flavor characteristics.

E. Experiment B-5. Two Commercial R&D Coffees without Extenders and
Preblended with Extenders

Results are displayed in Table 9. 1In appearance, the extended coffees
were perceived as equally dark, and both were significantly darker than the
half recipe beverages prepared from the same R&G coffee blends without
extenders. The full recipe Blend 2 beverage was rated significantly darker
than the corresponding Blend 1 beverage, confirming preliminary observations
of the R&G coffees before brewing. The differences could have been associated
with variations in roast level, the caramel ingredient in the extender
product, or both.

In this experiment, coffee aroma was an attribute investigated for
inclusion on a final version of a Consumer Opinion Card. (See Appendix A for
discussion.) Panelists found no significant differences among the four
coffees. Possible reasons were: (1) the use of cream and sugar may have
diminished the aroma impact and (2) because brewed coffee aromatics are
volatile and quickly lost after brewing, a low level of aroma intensity
remained, regardless of the original recipe levels. Differences in coffee
flavor, however, were more pronounced. The blends without extender were rated
higher in this attribute than the corresponding blends at half-recipe with
extender; with Blend 2, the difference was significant. Both Blends 1 and 2
were rated significantly higher in bitterness than the corresponding half
recipe blends with extender. There were no significant differences in
mouthfeel among the beverages, due perhaps to a masking effect of the
whitener, As to acceptability, there were no significant differences among
the four beverages; however, the extended beverages were rated somewhat higher
than the corresponding full recipe beverages without extender, evidently a
reflection of the lower bitterness ratings of the former.
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Table 9. Two R&G Coffee Blends without. Extender Versus the Same
Blends Premixed with Extenders*

Blend 1 Blend 1 Blend 2 Blend 2
without with without with
Extender Extender E2 Extender Extender E3
Recipe (g) 90 45 90 45
Extracted Solids (%) 0.85 0.64 o -1.02 0.60
Attributest - |
Appearance " s5.6t1.4c  7.2%1.4a 6.3%1.26 7.2% 1.2a
Coffee Aroma 5.1%1.7a 5.4X1.5a 5.6% 1,58 5.2F%1.5a
Coffee Flavor 5.2%1.8ab 4.7*1.9p 5.8%1.6a 4.6% 1.7
Bitterness 5.311.7a 4,0+ 1.9 5.9*2,0a 4.2211.9
Mouthfeel - 5.2%1.2a 5.0X1.2a 5.6X1.32 5.17%1.1a
Acceptability 5.5%1.8a 5.7%1.6a 5.2%2.25 5.5%2.0a
* Coffees evaluated by panelists who used whitener and sugar.' Number = 32.

*% Average of two determinations,

* For each attribute, row means followed by different letters are
significantly different (p < 0.05).

F. Experiment B—-6. Institutional R&G Coffee Brand with and without
Extender; Commercial PBE R&G Coffee .

Results are given in Table 10, Both extended coffee beverages were rated
significantly darker than the institutional brand, but not the troop-issue
reference. This appeared due to lower—than-usual ratings for the extended
coffees as well as to that segment of the panel using whitener (the
instruction on the rating card to make the appearance rating prior to adding™
whitener had been eliminated. The PBE institutional brand was rated
significantly lower in real coffee flavor than the same coffee without
extender and the reference troop—issue beverage. The PBE coffee rated lower
in the same attribute than the two full recipe coffees but the difference was

not significant. It was noted that the PBE coffee was a finer grind than the

other coffees and it was in very fresh condition prior to brewing. 1In
bitterness, the troop—issue reference beverage was perceived as significantly
more bitter than the other three beverages. The institutional brand without
extender and the PBE beverage with extender El, in turn, were significantly
higher in bitterness than the institutional brand with extender. There were
small differences in mouthfeel ratings among the beverages, and only the
reference troop-issue beverage was significantly higher than the institutional
brand with extender. Overall, this latter sample seemed to lose much more
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Table 10. Selected R&G Coffees with and without Caramel—-Base Extenders

Institutional Institutional

Troop—Issue Brand Brand PBE R&G
without without with Coffee with
Extender Extender Extender E2 FExtender Rl
Recipe (g)* 90 (Reference 90 (Reference 45 R&G 45
Level) . Level) + 2.25 E2
Attributesi*
Appearance 6.9 % 1.1a 6.2 F1.3b 7.3 % 1.2a 6.9 * 1.2a
Real Coffee Flavor 5.5 % 2.1a 5.4 X 1.7a 3.9 1.7 5.0% 1.9a
Bitterness 6.6 1.7a 5.0% 1.8b 3.7 % 1.5¢ 4.8 1.7b
Mouthfeel 5.4 % 1.4a 5,0 X 1.5ab 4,5 1,2b 5.1 % 1.2ab
Acceptability 4.4 2,0b 5.6 X 1.8a 5.2*2.0a 5.7711.6a

% Extracted solids determination not run.

%% Coffee drinking patterns of 32 member consumer panel (in %): black - 31.2;
whitener only - 22.0; sugar only — 6.3; both — 37.5. For each attribute,
row means <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>