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7he development of the Dental Liquid Ration (MIR) was initiated by a
rquiri I from the U.S. Army's Office of the Surgeon General (MWSG) with
U.S. Air Force and U.S. Navy pr. hip. fr* Department of Veteran's
Affaim also plans to use the MR. T y food •czwits and six flavos
of betwen meal dairyshakes have been develcped. 7he DiR has a three year
shelf life at 80°F and has udergoe producibility testing, user
testir, and comer acceptability teating. 7he DER was transferred to
the Defense Personl StWort Center (•SC) in October 1992 for

S.r t I by the Armed Forces.
7he author wcould like to give special thanks to 4s. Susan Erickson

and No. Carol Shaw, Food Technology Divisicn (FiD), Food Ennr
Directorate (FED), U.S. Anry Natick Reseiarc, DevelcpmNnt and ineerwing
Center (Natick) for their cantinmucs guidac and technical opetise. In
addition, many thanks are given to all past and present members of the
Deployable Medical Systems (DEREMS), Joint Workidn Group, Falls Curch,
Virginia, for their cooperation and enthusiastic suport of this project.
Ackrxwled m- : is given to perscomel frum the Subsistence Protection
Branch, FIDf, FED, Natick, for their ccrytributicns in the area of packaging
development and support of the DER. 7he author would also like to thank
Dr. Simone 0. Adams and crkers of the Soldier Science Directorate,
Natick, for their outstandiMg efforts in field testing the DIR. As wall,
the author thanks the manry food technologists, hospital dietitians, and
patients u&boee technical ccmments have greatly helped to inprove this
ration.
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TMELVEMPWR4~ OF 7W~ EE1I!AL LITID WAICK

A regqidxumoll ms ahb.tted to the U.S. Army Natick Research,
Dmeeloqzmm t and Diineering Center (Natick) by the Ariy Office of 7he
suz gei General (CYG) in FY86 to develop a ration for military personnel
wo are unable to eat solid food. The OMSG requrmnt stated, ,vfuse
items must taste like ccma rats of a normal meal, be easy to prepare, be
shelf stable (three years at 800 F), usable by patients in and out of
hospital situations, have acceptable sensory dlaracteristics, and fulfill
the patients' nutritional req.irenents."

The dromology of the Dental Liquid Ration (DER), project AAFN 88-5,
is as follows:

a. 1 Octoter 1985 - U.S. Army (OISG) submitted a requrement to
Natick for the "Liquid Raticn-Hoepital", project A 88-5.

b. 6 February 1987 - Air Force requested hip. Project
became AMF 88-5.

c. 31 July 1987 - Navy requested cpomumsorship. Project becme
AAfN 88-5.

d. U April 1988 - Liquid Ration-Hospital, project AAF 88-5,
renamed Dental liquid Ration, project AAFN 88-5, on the
recc Xeration of Colonel Cronin (Retired), Chief, Dietitian
Section, Army Medical Specialist Corps, in order to iore
specifically identify the product.

The following objectives were established in order to meet the
requiremnts of project AAIW 88-5, as stated by the Army OrsG:

(a) lbe new ration will consist of a variety of menu items to
surgort five days of meal requiremints with three meals per day.
Breakfast c mawts shall at a minimum provide an entree and a cereal.
Dinner and supper cnop-rxets shall at a minimnu provide cream soup,
entree, starch, vegetable and a dessert. There will be no repetition of
entrees, soups or dessert items within the five day menu. A between meal
milkshake type nutritional supplement will also be provided in at least
12 different flavors.

(b) 7bs products will be deydrated and easily reconstituted with
water at a te -rature apprcpriste to the product (i.e., beef and
gravy-hot; mikshk, pudking-cold).



(c) e products will serve a dual purpose for pureed/dental soft
diet rsqiremnts and dental liquid diet requirements. 7his will
roessitate pre titution with different quantities of water.
The ,ax reoconstituted portion size of individual meal oaxxwts will
be eight omxmes (240oc).

(d) le dehydrated products will be shelf stable with a minim=
shelf life of three years.

(e) Tbe products will be packaged in individual serving pakages.
individual meal ccuxrents will be combined and packaged into a couplete
meal. PWcxetitution instructions will be printed an each package.

(f) lbs products will be formlated to provide adequate nutriticm
and acceptability without solid food supplementation. Meal components
shall provide on avexage a miniuum of 2500 kilocalories (Kcals) when
reconstituted with water and meet at least 80 percent of the
Daily Allowance for males between the ages of 19 to 51.

(g) lhe new menu items, in addition to 12 flavors of nutritional
su~plsent will include 6 entrees, 6 vegetables, 6 starches, 6 desserts
and 10 cream soups. 7hese items will supplement the four breakfast,
entree, vegetable, starch and dessert items previously developed.
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Research and DevelCumg t U of
Initial research was done to develop modified or restricted diets

for the new cook-freeze system at the Walter Reed Anry Medical Center.
Among the special diets to be developed were the dental liquids. The
dental liquid represented a totally new concept in the feeding of patients
who could not swallow solid food. The meals were mae with sufficient
water and ocmimuted to make them sippable through a straw, then seasoned
app- Wriately for the diluted state. Meals were then frozen, later to be
thawed and reheated for Consuaption. Entree items prepared in this way
initially exhibited a prcblem because of the gritty, grainy texture.
However, utilizing freeze-dehydrated meat in place of regular meatproduced a smooth liquid drink, which was also high in protein. This

swas a major breakthrough in obtaining a diluted product with an
acceptable mouthfeel •ich tasted like a normal camponent of a meal, and
not like the watered-down version typical of most hospital diets.

Even though utilizing freeze-dehydrated meat was a big i.rovment
over normal dental liquid diets, several deficiencies still existed.
Because of the difficulty in obtaining small quantities of the
freeze-dehydrated meat ocmponent, the unavailability of this product to
the outpatient, the uniqueness of the cook-freeze system, and the numerous
small hospitals who did not have a cook-freeze system, a new processing
techtology for these products had to be developed.

Natick developed a method to dehydrate an entire coupcaent of a
meal. In essence, it involved preparing ard ocaminuting the dental liquid
and subsequently freeze dehydrating the entire product.

The resulting dry meal ccaponents ware reconstituted by placing then
in a blender, adding 1 cup of either hot or cold water, as appropriate,
and blending for 30 seconds. These cponent offered the following
advantages: they needed no refrigeration for storage, were easier to
prepare, allowed increased variety, and offered a smooth ccristency with
no grittiness.

Even though freeze-dehydrating the entire meal cczrponent was very
successful, there were soe drawbacks associated with this technology.
First, there was not a wide industrial base to manufacture dental liquids
in this manner. Therefore, it would increase costs and would also
jeopardize the need for quick response during mobilization of units.
Thus, the develpnmnt of the DIR, utilizing dry blend technology, was
undertaken to develop a less costly, more ccomercially producible

.The dry blending technology used ingredients already
cnuercially dehydrated. Therefore, the producer needs only to blend
these dry ingredients together for the desired meal ccm•onent.

%hen research first began on the dry-blending technology, a market
survey of cmiercially available freeze-dehydrated ingredients was
conducted. Because of the great number of dry-blended items such as soups
and sauces on the market, there were many high quality, ccummrcial
ingredients available. spray-dried meat powders worked very well in
pr-oduts. However, it was determined that freeze dried vegetable powders
provided better product flavor characteristics than did the spray-dried
vegetable powders.
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Existing dry meal items, such as dry cereals, and dehydrated military
ration item, suc as Iaq Range Patrol entrees, that could be pulverized
into powdexs and diluted with water were researched as potential dental
liquid caqxpents with no modification to their existing formulas.

7he military ration oxnents were less promising than originally
anticipated due to textural and flavor problems that occurred when these
items were powdered and liquefied.

Dry cereals (e.g., Special Ki , cornflakes) caused grittiness and
separated out wen ground into a powder and reconstituted. To remdy this
problem, hot cereals (e.g., grits, oatmeal, farina) were cooked,
freeze-dried, and ground into powders. The hot cereals were then combined
with creaming agents, aid/or fruit powders to produce a cereal with
acceptable texture and flavor. The products can be rendered by hand into
solution using specialized water-dispersible ingredients (e.g., creaming
agents and starchs).

Because of the difficulty in developing such a wide variety of
products, as well as the amount of liquid a patient can consme at one
meal, the original requirement to include cream soups in the five-day menu
was eliminated.

More than 100 products for the five-day menu were developed. A
technical panel comprised of food tecnlogists trained for familiarity
with dental liquids, their proposed uses, and desire dcaracteristics
(easy to pull through a straw, grittiness, and flavor attributes)
evaluated the items. The 50 highest rated items were selected.

Simultaneously, 12 flavors of between meal dairyshake type
nutriticnal suglemnts were developed using dry blend tecnology.

irysh acceptability scores from consumer panels ranged from 6.9 to
7.5 on a 9 point hedonic scale (1, dislike extremely; 5, neither like or
dislike; 9, like extremely). At this time a decision was made by menbers
of the Deployable Medical Systems (E•MED), Joint Working Group to
decrease the number of between meal milkshake type supplements from 12
flavors to 6. The following flavors were chosen based on acceptability
data: chocolate, vanilla, strawberry, eggnog, orange, and banana. These
suplements provide a greater caloric density than what is currently
available in the commercial market, and also offer nearly all of the

_IDEM e a 10--Dietary Allowance for calc .m in one eight-cunce serving.
later, a decision was made by members of the 1EPMELS, Joint Working

Group to downsize from a five-day menu to a three-day menu. The members
felt that a three-day menu would provide sufficient variety for patients
requiring a dental liquid meal, would decrease the number of national
stock numbers to be assigned, and would lessen the number of ingredients a
contractor would need for producig these products.

The 30 dehydrated crmIpnents selected to support the three-day menu,
are easily reconstituted with a blender (Fig. 1) using either six ounces
or eight ounces of water (at a t-iperature appropriate to the product),
are sippable through a straw, and taste like normal !!-oI:xents of a meal
in the liquid form. The breakfast meal is comprised of a cereal and an
entree. Te lunch and dinner meals are comprised of an entree, vegetable,
starch, and a dessert (Fig. 2). Six flavors of dairyshake nutritional
suMplemnts are served between meals, three times a day (Fig. 3). The
products can also be renstituted with half the water required for a full
liquid diet, and thus serve as a pureed/dental soft diet.
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As shown in Table 1, the average nutritional content for a me-day
memu is 3930 kcals, with 138 grams of protein (14 percent of the total
kcEals), 176 grams of fat (40 percent of the total kcals), arxi 506 grams of
car•dWdrate (51 percent of the total kals). Colail fridlurnd, COief,
Dietitian Section, Army Medical Specialist Corps, OTSG, has reviwd and

Sarovedthe DER three-day mern (see Appendix A) based on its nutritiorial
content. se DIR three-day menu provides sufficient kcals and protein, as
well as vitanins and minerals. 7he detailed nutritional analysis of the
MR as approved by 07IG is provided in Appendix G.
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TABLE 1. Mean Nutritional Composition

PRqO•IN FAT CHO KCAMUS
(g) (g) (g)

DAY(ONE 130 165 461 3609
DAY TWO 139 175 578 3998
DAY THREE 144 189 478 4183

MEAN 138 176 506 3930
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7e DIR is packaged in either individual serving pouches, or a Ten
Patient Meal Module (TM) to facilitate servir larI e numbers of patients
requiring the MIR.

Individual ai
The product is packaged in an individual serving, three-ply laminate

package, Consisting of food grade polyethylene as the food contact layer,
aluinum foil and polyester on the exterior. 7he exterior of the pouch is
uniformly colored for camouflage purposes. The follownq information is
printed on each package: product name, type, inredients listirq, and
irstructicza for reoonsttution. 7he -=Fients are assembled by meal
type (breakfast, lunch, or dinner) for days one through three, and are
positioned flat and stacked in a vertical alignmnt. Manus are then unit
packed in polyethylenemeal bags and placed into three intermediate
fiberboard boxes, separated by type. 7he intermediate boxes are then
paced together in a mug fittir fiberboard shippiM container (Fig. 4).

Each polyethylene meal bag is labeled using a pressure-sensitive,
dull, non-reflective color (other than white) and marked using black,
indelible ink with the follwing information: meal name, menu rnumber,
menu type, name and address of assembler.

Ten-fatient Nea Module (MMW(,
7he TEM contains enough product to feed ten patients a complete

day's menu. the DIR product is packaged in Number 2 1/2 cans with plastic
lids for resealing after ceniqng. Each module contains ten dental
liquids, three flavors of dairyshakes, and a fruit juice powder (to
enhance the Vitamin C content). The module also contains an accessory
pack with straws, napkins, salt, and pepper. Each module weighs
apruximately 27 pounds (Fig. 5). The shelf life of the product, once
c~ned, has been detemined to be 30 days. The TH44 is intended to be
used only when there are a substantial number of patients requirirg dental
liquid rations. Use of the TIWM, in this type of feeding scenario,
eliminates the need to open up individual serving pouches for each
patient.
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TESTING

Prouchibility Tests

A limited p oacLicn purchase description for the dairyshake was
written, and a cmmercial producibility test to anIufacture 2,000 of each
of the six flavors was cd ed at Therm Pac, Inc. of Stone Mountain, Gh
in Octoer 1988. Twelve thousand units were .xxefully completed.
These dairyshakes were later used in the long term storage study and user
test. A military specification was written for coordination at that tine.

Meal•
To determine if comeurcial production of the individually pouched

meal ccupoawits was feasible, technical data packages ware written and a
produAibility test was completed by The= Pac, In., in which 1,500 of
each of the ccxpcnmts of the five-day mem were aassfully prodced.
Th contractor's final report was forwarded to Naticc and all of their
rux uened dianges ware innopoated into the techiml data pacje.
hem produced by the contractor were used in the five-day user test

condw:±ed at tri-service and VA hospitals during 3QFY91-3QT192.

Tm'er-htiet Mea Modale
A packaging and assembly test of a T1 techinical data pac)ka was

sucessfUlly copleted by Trans-Packeis Services Corp. of Brooklyn, NY.
The DER product was produced in-house at Natick, and was provided to the
contractor as Governuent Furn~ished Property (WFP). 7ta contractor
successfully packpd and assembled 20 of each of the five-day meal
modules. The meal modules were then used for the TE4M user test held at
Fort Sam Houston, San Antonio, TX, during 3QF192.

User Tests

Focus groups, ocnsisting of individuals familiar with liquid feeding,
were formed to solicit information on product concepts and possible
iuprceits, withut actually collecting quantitative inforition.
Kalick and Popper (1) cducted two focus groups, one using patients who
had their jaws wired within the past year, but who ware not currently
wired, and a secod group of patients who were presently wired for
elective thic surgery. Ten products ware served to the two
gr•i;s. Product attributes such as flavor, te•±ure, odor, appearance,
ease of sipping, serving size, and advantages or disadvantages of these
pro duct over currently available liquid foods were discussed by the
groups.

Fi-dings by Kalidck and Popper (1) inlu•ded: the concept of powdered
foods that are prepared by adding water is appealing; the new products
have nutritioral and convenience benefits; a large variety of foods is
important; the serving size currently reccmmeided for meals is too large;

13



prodcts should be flavorful; ard, appearance is riot an important issue.
is a result of these findings, minor pmrut iqovvewt ware made and
the serving sizes of s products, were deceased. However, the
nutritional requiremet established by the aM was mintained. It should
be noted that all of these focus gjrc subjects were females and research
don by Ediiterg and Eq11 (2) shwed that female subjects o about
half as much as the males. 7terefore, the decreased serving size may not
be adequate for male patients.

Army Readiness ai•i• Evaluation Pyocwam (AEThP)
Muile the products were scheduled to be tested in fixed hospital

facilities, it was also desirable to investigate how the products would
perform operationally in a field hospital. Currently, field hospital
units are not always equipped with blerders, and electricity and
refrigeration often are not readily available. lhe 46th Combat Suport
Hospital (CSH) Er-n Ft. Devens, M., conducted an ARWiP during
April 1988, when the dental liquid products ware informally evaluated by
94F's and 94B's participating in the training evaluation program. A
three-day Am 'Was evaluated. The 46th CSH set up three 20-bed wards at
the Ft. Devens' Suftury Armrx, Sui*uay, mA. lhs patient load was usually
20 to 30 patients, most of ixdm ware on a regular diet. Blenders were
unavailable, and refrigeration was lacking. Coumnts provided by Captain
Bolan, Chief Dietitian, Nutrition Care Directmoate, Catler Army Hospital,
about the dental liquid products included:

1. Ht rations blended well with a wire whip in less than one minute.
2. Cold rations did not blend well with a wire whip.
3. Partial packages were not needed for full liquid diets. The items
for full liquid diets needed to be relatively bland because they were
concentrated.
4. The instuctions for use were easily understood, resulting in
items that were easiJy sippable through a straw.

•M3 test ocncluded that the dental liquid products were well
received, and were c idered an isprove-amt over present methods of
providing liquid diets. One noteworthy ocwat made was that due to the
many diet duarwes during this exercise, the value of the dental liquids
becmeM apparent because they could quickly be made in the wards without
having to go back to the es tent. This test answered some basic
aperational-typec questions, but additional operational testing on a larger
scale was required.

Five DWv User TIt:
The Behavioral Science Division (BSD), Soldier Science Directorate at

Natick conducted a ten month, five-day user test of the Dental Liquid
Ration (DR). The purpose of the evaluation, whidh began on 1 July 1991
and ended on 1 May 1992, was to compare the now dental liquid to diets
currently used in military medical instituticon. Twenty-two Tri-Service
(Army, Navy, and Air Force) and Veterans Administration (VA) hospitals
worldwide agreed to participate in the study. However, only 11 of the 22
hospitals that ware provided with samples and questionnaires actually

14



peicpatd(see Appenx C).
The test sites were identified by Tri-Service and VA

re•rteantatives. Dietitians at Participati hospitals were sent a
booklet and -m'ztration video to instruct them in recruiting subjects
ad ondctbin the evaluation, t the qaestiodirea
prekarlrq the now dehydrated products. Samples of the 5-day meu are
found in Appendix D. The current diet (whidch varied among hospitals)
nonsisted of pureed foods, baby foods, comercial dry and liquid
prodc ts. Both diets were su MMmWted with drinks ccmmnly accoganing
meals, such as milk, hot chocolate, coffee, tea or juice.

Dietitians identified eligible patients and obtained physician
aand patient consent. The Dietitians instructed patients on when
and how to complete rating and c m;pticn forms. Patients were placed on
either the n or existing diet depending on the date they began the stuly
(each diet was served on alternate days). Patients were not told which
diet was being served and were required to Partpate in the study a
minimu of two days. They rated individual on acceptance, ese
of sipping, t ture and portion size and the overall meal on
acceptability, meal size and satisfaction. Mhile they were filling out
the 9meticmaire they also noted mood and level of pain using previously
validated 9-point scales labeled with descriptive categories. Data was
analyzed using t-test, correlations, means and standard deviations.

lhe sample population consisted of 28 subjects, 25 men and 3 w~mn,
with a mean age of 28.7 years (median - 22 years). Thirty-two subjects
were exluded form the study due to incouplete data. Thbe mll sample
size may be due, in part, to the large institution dropout rate. only 11
out of 22 Tri-Service and VA hospitals and service academies that were
contacted participated in the present study. Attrition was due to: early
discharge of patients and lack of available staff to conduct the stidy due
to downsizing of the military forces, vacations, and incomplete data.

Averages were calculated for subjects who participated for mom than
two days (range = 2 to 5 days). For analysis, food items were categorized
by EMtree, Vegetable, Starch, Dessert, Breakfast or Fruit Juice. T-tests
were performed for each factor comparing the new and existing diets.
Daizyshakes were analyzed separately because no consistent between meal
it=n in the existing diet could be used for coumparison.

No significant differences for acceptance were found between the
diets, expet for Starch (existing = 6.3, new = 4.9, p<.05). Overall, the
reminder of the items received ratings of 5.0 or higher with the
exception of Vegetables in both diets (existing = 4.9, new = 4.4). All
food items were rated on a 9-point hedcnic scale where 1 = "Dislike
Extremely", 5 = '"either Like Nor Dislike" aid 9 = "Like otrmely".

When acceptability ratings were correlated with the degree of hunger,
mount of pain and how the patient felt, only the relationship between how
the patient felt and acceptability was significant for both diets
(p>.05). If the patient felt well, the product received a higher
acceptability rating than when the patient felt poorly.

15



Mle patient felt that the portion size for both the existing and nwe
diets was, "Just Right". Standard servings for the new diet ware either 6
or 8 ourtes, depuding upon the food item. Porticos in the existing diet
varied soanhat, dspeding upon the hospital food service system.

e y, no direct cqariscn can be made between the existin and
new diets. Howver, Table 2 sunmarizes the average amount of liquids
available and the average amount consumed for both the existing and now
diets.
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Table 2. Average Daily Cbror mption of Liquids at Mealtime

Amount mean An aan
Awd-lable New Diet Available Oirrert Diet %

S 12 9.56(4.14) 79.7 16 8.18(5.51) 51.1 -1.25 NS

Vegetable 16 7.26(5.56) 45.3 16 6.20(5.00) 38.8 -0.85 NS

Stbedc 16 8.87(1.00) 55.4 16 7.61(6.01) 47.6 -1.08 NS

Dsssert 12 8.79(4.47) 73.3 12 3.54(3.81) 29.5 -5.47 p<.O01

Brvtdast 16 13.35(5.93) 83.4 16 7.13(6.44) 44.6 -4.34 p<.001

FkuitAMJuc, 8 7.32(7.36) 91.5 8 7. U1(7.34) 88.9 -0.10 NS

Numbers in parentheses are standard deviations.
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Mien patients were asked to rate the overall variety for breakfast,
lunch, dinner and total meals, there was no significant difference betieen
the diets (Figure 6). Both diets received ratings of 6.0 or higher for
texture and c-cistency for all food groups, which correspoe to
"Slightly Gritty" and "Slightly Smooth". Both diets received an
acceptable rating for ease of sipping. However, entrees were
significantly easier to sip in the raw diet (now = 6.8, existing = 5.8,
p>.05) and were ge -rally consamd in greater quantities, though no direct
ccmarison cou~ld be mad.

AKl six new dairyshakes received acceptability ratings of 6.8 ("Like
iaerately") or higher. 7he porticn size was "Just Right", the apearanc
was "Attractive", and they were perceived to be "Cold" and "Easy to Sip".
The man intake for all milkshakes was 6.8 ounces out of a total of 8
oueKs, with 69 to 83 percent of the patients ccning the entire
dairhk.

Dietitians were asked questicrs on the amount of time required for
presaration, variety of products, advantages and disadvantages of the
existing and new diets. Dietitians found that the "New Entree, Starch and
Vegetable" required significantly less time to prepare than the existing
diet (Fig. 7). 7he "New Entree" was also easier to prepare than the
"Existing Entree" (Fig. 8). A number of significant differences were
found when dietitians were asked to rate the variety between meals for
both the existing and new diet. In all cases, the new diet was rated
higher than the existing diet for all but the Vegetable category.
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overall, dietitians found that the now dental liquid diet required
significantly less time to prepare, provided a greater variety and were
more ptable to the patients than the current hospital diet. 7he
current hospital diets were labeled as "mossy and time-consuming".

Of major oncern to the dietitians was the continuing difficulty in
accurately d the nutritional value of curent hospital liquid
diets. Dietitians found the nutriticnal cpleteness offered by the raw
dental liquid diet a significant benefit.

A complete report on the findings of the five-day user test has been
submitted to the Journal of the American Dietetic Associati-- for
publication.

Tn-Patient Meal Module User Test
7he purpose of the TW4M User Test was to determine the acceptability

of the packaging and eparation procedures, and to assess the ease and
efficiency of use experienced by food service personnel during the course
of preparing the TIPM. 7he goal of the test plan was to ideintify any
human factor deficiencies associated with the TR(.

2e subjects in this evaluation were U.S. Army reservist trainees utio
had a MOS91M (medical Field Feeding Specialist). A total of 14 soldiers
participated. Their length of military service ranged frc1 six months to
three and one half years, with an average of 11 months.

The evaluation of the TP4M was performed in conjunction with a four
day medical field feeding exercise at Ft. Sam Ho-ton, TX, during 3QFY92.
Umn evaluation of the TRYM occurred on days two and three. The exercise
consisted of preparing, transporting, and m-ck-serving the TRM. Miule
participants prepared the meals, they were observed by a MaTgooer and
Persomnl Integration (MWIPRINT) Evaluator, as well as the Food
EnVineering Di te (FED) Project Officer. After the evaluation, all
of the participants completed a questionnaire, and sme were randomly
interviewed by the MANPRIN Evaluator.

As is noted in Appendix F, most of the tasks were found to be
moderately to very easy to perform by the majority of the feeding
specialists. Two tasks, "making pw-der measurements" and "following
printed instructions", were found to be slightly more challenging by a
number of soldiers. The difficulty was primarily due to their confusion
with determining the appropriate powder -aa-sureamnts required for each.

By including the word "scoop" as a unit measure, the soldiers were
confused as to how muoh product was actually needed. It was rec"mwaI:ed
that the instructions simply state the total amount of product to use.
For instance, in this example, it would be a total of two-thirds cup of

dc.
The evaluation of the TRFM was successful in that it identified a

human factor shortcoming that needed to be addressed, corrected, aid
incorporated into the final packaging specification. The instructions
printed on the cans within the TRP were clarified and revised, based on
the resczmendations gathered from this user test.

Aside from the initial confusion surrounding the powder mrs
the TRP was well-liked and highly praised by all the participants in this
evaluation. Once the subjects understood the measurement directions, they
found that preparing meals using the TRM was very easy, ti iavIng, and
minimized clean-up efforts.
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Storage Studies

T-o consecutive accelerated storage studies of two weeks at 125°F
were cducted on all 56 products to determine preliminary long term
storage stability. Products high in tomato powder or fruit powder were
found unaccptable after the initial accelerated storage, due to the
:hygroscic nature of these ingredients. Ihese items were either
reformulated, droped from the mnm, or replaced by other products prior
to the second accelerated storage study. At the end of the seccnd
accelerated storage study, all 56 products were found able after two
weeks at 125 0F.

In June 1989, a three-year storage study at 80°F was initiated on
all 56 products. MIe storage study was cumpleted in June 1992. Fifty six
DMR compoents were evaluated initially and at 12, 24, and 36 months by a
paiel of food technologists familIar with the uniqueness of these

Each product was evaluated on the nine-point quality rating (one
equals extremly poor, nine equals excellent) for the attributes of
apearance, odor, flavor, texture and overall quality. Me mean overall
quality scores for the products can be found in Appendix B.

It was concluded that 43 of the 56 DER products evaluated
(77 percent) were still of acceptable overall quality after 36 munths of
storage at 80o. All 36 products that c rise the final three-day DIR
menu are shelf stable for three years at 800F.
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OI'HER APPLICATIONS 

While this ration was designed for persons with jaw injuries, many 
more patients could utilize this product than was originally anticipated. 
Because of the publicity about the dental liquid ration in newspapers, 
journals and magazines throughout the country, Natick received many 
letters and calls from patients asking when and where this ration could be 
purchased. These patients included not only broken jaw patients, but also 
patients with cancer of the throat, sinuses, and mouth; patients with 
swallowing disorders, such as those with Alzheimer's Disease and lDu 
Gehrig's Disease; and geriatric patients. Numerous inquiries also came 
from oral surgeons, as well as hospice nurses, relatives of patients, and 
nursing home coordinators asking where they could buy the products. Many 
of these individuals face a lifetime on liquid diets and they consider the 
DIR essential to their dietary needs in tenns of the added variety, 
acceptability, and nutritional value offered by this ration. 

Cooperative Research and Development Agreement 
The Federal Technology Transfer Act was passed in 1986, promoting the 

sharing of technology between government research and development 
facilities and the private sector, fostering the advance of science, and 
enhancing the United States' global conpetitiveness. This act encourages 
the exchange of scientific technology and technical personnel among 
industry, academia, and government laboratories. One such means of 
transferring technology at Natick is through the Cooperative Research and 
Development Agreement (CRill'.). Natick's first CRill'. involved the DIR and 
bas been in place since June 1990 between Natick and land O'Iakes, Inc. 
(IDL), (originally with Procor Technologies, Inc., a subsidiary of land 
O'Iakes, Inc.). 

CUrrently, six flavors of between-meal dairyshakes, developed at 
Natick, have been instantized and packaged by IDL, using a resealable 
ziplock pouch made of trilaminate packaging material. These instant 
dairyshakes reconstitute quickly and efficiently, within 30 to 60 seconds, 
sinply by shaking or mixing by hand, without the use of a blender. This 
unique packaging concept allows for hydration of the instant dairyshakes 
directly in the pouch. 

Through this CRill'., the Amly is gaining considerable expertise in the 
instantization process of the remaining dental liquid products, thus 
eliminating the need for a blender. In turn, IDL received dental liquid 
ration product fonnulations (public property under the Freedom of 
Information Act) developed at Natick. With these fonnulations, IDL bas 
the capability of commercializing the dental liquid ration, thus providing 
a production base for both military and civilian needs. 
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DISa.5SIOi AND OOIS

CurrunIy used liq•id produts are either very swet milkehake type
drirks or bland, pureed foods that are extrvemly labor intnsive to

2rqWe. '1te umally ddo not net the rtinal standard, are rot
i y table, and are rot available for ou.tpatien i.

7 36 now Dental Liquid 2ation (DER) coupocmts A~mt a three-day
znu cycle, and rowist of a wide variety of entrees, vegetables,
Itards,, and desserts. Prodxts inlude O~d~m hBazecu, tLczmise

Potatoes, Broccoli au Grat~in, aMd dcxoolate Mocha Cair. 7h average
caloric content for a cn&-day zwna is 3930 Icals, and the nztricMl
content imats the R ,ily Alloance for Wales between the aes
of 19 to 51. 7be prodxuc will be available in either individual sering
pcuxxts, or in a Tm-Patient Meal Module (TEM .

Storage tests, user tests, and prod.ibility tests all indicate that
the MR ompom•t are shelf stable for three years at 80°?, easy to

Ie, iore sanitary, of crniistent quality, rutriticralL.y cKxilete, are
highly a -tl an producible by the ccm•ercial sector.

7h iui •.ividual cceniipc t pecificaticrw, ad pacaing ad assebly
specificatic.. have been coordinated with govermunt agcries, military
serViCes, aid indutry. 7he procurrmI door ents for the MIR wer
traisferred to the Defense Peracpatl Sdtort Center (wSC), hailademfrjia,
PA in Octdoer 1992. It is anticipated that the MdR will be maailable for
proa ilt by the Ay, Navy, aid Air Form ard VA in the Fall of 1993.
lbs DIR will be available through the Federal &Wly Catalog, as well as
the Federal Hospital Subsstemwe Wuide.

This document reports research undertaken at the
US Army Natick Research, Development and Engineering
Center and has been assigned No. NATICK/TR-7009

in the series of reports approved for publication.
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APPDIX A

DEDAL LI0JID PATIN
APPROVED MEE AY MIM

DAY ONE

BRUKFASr

Oatmal w/Maple & BMWu Sugar
Bema-Strawerry Breakfast Uik

Orang Juice

Vanilla DairyshAe

Ham & Cheese Souffle
Pea Casserole

Mashed Potatoes
Aple fwn Betty

Strawbterry Darsh

DINNE

Chili Com cane
Caulifluwer and Cheese

Escalloped Potatoes & Ham
Blueberry Upside-Down Cake

ChKocolate Dairyshake
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APPEN4DUl A

* ~Homuiny Grits & Osmm
GreMi Peer & Ham Omelet

Grapefmdit Juice

Tacoo Grarile

Deummico, FLtatces
Strwerry Shortcake

DINNER

Chidbe Barbeas
Buttered Oown

Choclate Moch~a Cake

BmmE Dirydmkke
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Peaches & Crean Farina
Haim & Cheese FbnLW

Grape JUice

Vanilla Dairyshake

iwAK

Spaghtti & Meatballs
Green Bean Casserole
Lymamise, Potatoes

Girqezbread

Stra;Aaery Daiydif

DUNRM

Oriental Pork v/Noodles
CridCorn & Potatoes

Fried Rice
Cheesecake

C2hooolate Dairyshake
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APPEDIX( B

DENTAL *TZQU RATIC

TWE YEAR SR
(800F)

-H •1 22 24 36

BANANA 6.13 6.12 6.26 5.95
CHOCOLATE 7.35 6.71 7.05 7.16
EGGNOG 7.43 6.76 7.16 7.37
CMIM 6.87 6.18 6.37 6.53
S17AWEEY 7.00 6.71 7.21 7.26
VANIIA 6.65 6.24 6.47 6.16

M 6.91 6.45 6.75 6.74

ST' CEREALS 12T• 24 362

APP1E & CINwc FARINA 6.00 5.82 6.00 6.27
HUW3Y GRITS & CHE 5.91 6.00 6.59 6.53
OAC4EAL W/MPL & EIN S[XAR 7.04 7.24 7.18 7.00
PEACHES & CEM FARINA 5.57 5.24 6.12 5.40

SOA•1NEAL 5.57 5.29 5.88 5.73

MW 6.02 5.92 6.35 6.19

MMSI ENTFMS 12•L • 24K 36•

BAIM-SlRAMRRYM ERINK 6.27 6.11 6.60 6.31
Pf TOAST 5.68 4.26 * *
GREEN PEPPE & HAW C1E4 5.55 5.68 5.93 5.50

I HAM & CHE FUNDM 5.50 5.74 6.40 6.56
POTATO PANC11S 6.64 4.26 * *

MEAN 5.93 5.21 6.31 6.12

*French toast was not paneled at 24 of 36 mos due to deterioraticn
(dianges have been made to Frendc Toast formulation): eliminated.

*•Potato Pancak was not paneled at 24 or 36 nos due to deterioration:
eliminated.
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APPDflC B

-2M21& 1 24~ 36 M

SE 6.14 6.47 5.88 6.35
EMiNIOD POMTOES 6.50 6.29 5.83 6.32

PODdA & HAM 6.67 6.59 6.19 5.94
FETZIU'E= AI1;ED 6.48 * * *
RI RICE 6.17 6.19 5.78 6.58

LYOIKAI S OE TCW 7.33 7.29 6.75 6.76
MAC M & CESE 7.06 5.19 * *
MhS M IC1WL 7.61 6.95 6.22 6.84
x•XI•hN MN CASSERLE 5.61 4.86 4.56 5.37
SW/BA & am=SE 5.86 5.47 4.19 *

MEAN 6.54 5.53 4.54 6.31

*•Fttucw Alfredo was not paneled at 12, 24, or 36 MOB due to
deerioration: eliminated.

•*Macarcd & 1�eese was not paneled at 24 or 36 mos due to
deterioration: eliminated.

*potatoes w/ Bacon & Cheese was not paneled at 36 MO due to
deterioration: eliminated.

MOM 2U& _ 24 3 M

APPLE BO 7.41 6.63 6.86 7.13
MIEMY UPSIE•-DOWN CNAE 7.24 6.38 6.86 6.06
S7.14 7.06 6.21 6.33

HDWIMATE MOMCA CAKE 7.24 7.06 6.52 7.13
XcoYJ CAM PIE 6.06 5.19 5.38 *

OOF CEE 6.68 6.83 5.86 6.13
GDNEFAD 7.41 7.56 6.29 6.47
INDIAN Wrl)IW. 7.00 5.44 5.95 6.44
PL14PMN PIE 5.91 5.44 5.57 5.53
SAWO SHMMME 7.09 6.17 6.07 6.00

MEAN 6.92 6.38 6.16 6.21

*Coor•zt cream Pie was not paneled at 36 mas due to deterioraticn:
eliminated.
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vc L&L •2J1 24 36

AIICAN CHDP SUEY 5.43 5.39 4.33 4.54
CHEESM 6.00 5.83 5.33 5.36
CHIC•E• IA ING 6.57 6.00 5.13 4.71
CHICXEN BARBC•UE 7.04 6.67 6.90 6.40
CIICZEN POT PIE 6.26 4.56 4.73 *
CHI I K CAFM 7.13 6.06 6.07 5.50
190 & CHEESE SOUFFLE 6.73 6.14 5.76 6.47
aRIE•TL FK W/NODLS 6.50 6.48 6.24 6.00
SPAGH=ITI & METBALS 7.12 7.10 6.67 6.80
SGRANEE 6.77 6.76 6.10 6.73

MEAN 6.56 6.10 5.73 5.83

*Chidcken Pot Pie was not paneled at 36 mos due to deterioration

G_ 12 243M

BROCCOLI AU GRATIN 6.55 5.32 4.54 4.79
nirM i C 7.27 6.53 5.94 5.74
MITERED SQUASH 6.92 7.05 7.20 7.22

CAULIFLOER & CHEESE 7.13 6.30 6.60 6.61
C3EAM C 6.45 4.95 * *

-MMAF•) & POIATOES 5.21 5.35 5.70 *
SBEAN CASSEROLE 6.95 6.84 6.44 6.79
CIZNM VEGEABLE 5.82 4.00 * *
PEA CASSEROLE 5.96 6.70 5.95 6.33
VEGEEABLE MEDEY 6.18 5.95 5.56 5.68

MEAN 6.44 5.90 5.99 6.17

*Creamed Carrots was not paneled at 24 or 36 mos tde to deterioration
*Creamed Corn & Potatoes was not paneled at 36 nos due to deterioration
•*Oriental Vegetable was not paneled at 24 or 36 mos due to deterioration
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APPENDDC C

PAtiCIPATING !HhSnS IN THEDENTAL LZQ=I RATICN FIVE-DY USE TEST

1. Womack Army Hospital, Fort Bragg, North Carolina
2. 97th General Hospital, 6 ftanfurt Main, Germany
3. Martin Army Hospital, Fort Bennirg, Georgia
4. Malcolm Grow, U.S. Air Force Medical Center,

Anftwas Air Force Base, Washington, DC
5. David Grant, U.S. Air Force Medical Center,

Travis Air Force Base, California
6. Naval Hospital Great Lakes, Great Lakes, llinois
7. National Naval Medical Center, Bethesda, Maryland
8. VA Medical Center, Togus, Maine
9. VA Medical Center, Brockton, Massachusetts

10. VA Medical Center, Beckley, West Virginia
11. VA Medical Center, West Los Angeles, California
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APPENDIX D

DENTAL LtQJID RATION
F=E DAY MR TEST M E2

DAY ONE NME~

ZHU #1

Apple & Cinnamon Farina
Green Iqpper & Ham Omelet

Orane Juice

Banana Milk Sake

Menu #2

Chicken Pot Pie
Escalloped Potatoes & Ham

Cauliflower & Cheese
Strauterry Shortcake

SNAC(

Chocolate Milk Shake

Menu #3
Taco Grande

Mexican Bean casserole

Vegetable Medley
cheseecake

SNACK

gnog Milk Shake
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APPENDIX D

DAY TWO MOU

NEW #4

Han•y Grits & a1se
Frenc Toast

Grapefruit Juice

Orangs Milk g

MENUj #5

Ham & Cheese Souffle
Lyamise Potatoes

Buttered corn
Blueerry Upside-Down Cake

Vanilla Milk Shake

MEVU #6

Chili Cmi Carne
Macaroni & Cheese

Buttered Corn
Coffee Cake

Stra•w•erry Milk Rmke
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MEU#7

Oatmeal w/Naple & Drcam sugjar
Benana-Strauberry Breakfast Drink

Craps J~ice

Banana Mil Shake

ME2U #8

Amrican QCI suey
Potatoes w/Baconr & Cheese

Pea Casserole
W~e Brown Betty

Ctuoxooate Milk Shake

MENU #9

Qhdicien ala King
Mabe Potatoes

Brooooli & Cheese
P•apIn Pie

B g Milk MmYk
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DA FU NEWJ

NE #10

Paches & Ceam Farina
Ham & Cheese FozIlue

Apple Cider

ora Milk Sae

NEW #11

Baked Beans
Creamed corn & Potatoes

Indian Pudng

Vanilla Milk Shake

E•EW #12

Chidcen Barbecue
Delmonico Potatoes

Creaemd Carrots
Chocolate Mocha Cake

Strauerry Milk Mkake
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DY FIVE M

MW #13

strwAerty Oatmeal
Potato Panckes
Pineaqle Juice

Bamna 1ilk Sakw

MEWJ #14

Oriental Pork w/Noodles
Fried Rice

Orie•tal Style Vegetables
Cocuit Cream Pie

ctocolate Milk Shake

MW #15

Spaghetti & Meatballs
FPettwine Alfredo

Green Bean Casserole
Gigerbre

E•g Milk •
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APPENlU E

FIVE MY USR EST

-nc and Clnistecy
Brakfas It (MAm 1-5)

Acepaf-a onat-nc
HE4N SD MEAN SD

Praha e Juice 7.33 2.08 7.33 2.08
Potato Pamnake 7.25 0.96 7.00 1.41
FrenCh Toast 7.15 2.15 6.54 1.81
Orange Juice 7.06 1.92 7.82 1.19
A~p1e C 6.81 2.64 8.19 1.83
Aple & CiAmamon Farina 6.50 1.29 7.06 1.59
Str e orbiml 6.50 1.29 6.50 1.29

itJuice 6.33 2.45 8.44 1.01
Graps Juice 6.29 2.33 8.00 1.08
Oatmeal W/Haple & Brown Sugar 6.18 1.85 6.71 1.45
Han & Cheese Fcnjkn 5.89 2.49 7.78 1.86
Bauia-Stranberry Breakfast Drink 5.76 2.44 6.82 1.70
Green Feer & Ham Omelet 5.69 2.73 6.44 2.34
Po e& Cra Farina 5.22 2.67 7.61 1.91
Hriny Grits & Cheese 4.17 2.41 5.33 2.15
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APPENDIX E

Iunch Item

PeRM SD IVN SDFried Rio p 7.25 1.50 7.00 1.41
Ooaort Crm Pie 7.25 1.26 7.25 1.26
ciu*a1 PVzk V/*xndes 7.00 1.83 7.00 1.41
Apple km Btty 6.71 2.43 6.69 1.74MlWntal Style Vegstabl 6.50 2.38 6.12 2.06
Strailary aShrtczwm 6.24 2.28 6.12 2.06
Balid Bros 6.13 2.28 7.25 1.88Iznian Paftim 5.94 2.35 7.06 1.73
B a U Ca] 5.92 2.36 4.38 1.98
Mel nri dc P 5.35 2.42 6.76 1.39

Pot.atoe & Hea 5.28 2.52 6.17 1.86
Crm Qn & Patoes 5.24 2.28 7.00 1.73
Chd= Pat Pie 5.17 2.12 6.06 1.47
Hm & Chasm Souffle 5.15 2.76 5.77 2.01
NItarsed Orn 5.15 2.30 5.92 2.25Potatoeis V/Dwi & Cheis" 5.00 2.68 6.53 1.55
ChsueaI* Inr 4.24 2.68 6.53 2.45
Pea Csroe 4.13 2.50 6.76 1.68
Wamaiu. Ptatoes 4.08 2.60 5.46 2.22Cauliflor & (cews 3.56 2.09 6.33 1.61
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Dinrvr Itam

Aoccepance 031ss t~e y.7y
MEmN SD MEAN SD

Giqerbrew1 7.75 0.96 7.00 1.41
Spagetti & Meatball 7.50 1.29 7.00 1.41

aqpeak 6.63 1.93 5.88 2.18
Coffee Cake 6.60 1.96 5.91 1.71
Chili Om Carne 6.55 2.30 6.18 1.72
Greme Bean Casserole 6.50 1.73 6.75 1.71
Cxhocolate Mocha Cake 6.13 2.56 6.71 1.82
Fettuaine Alfredo 6.00 2.16 7.25 1.26
Taco Grande 5.88 2.67 6.94 1.30
Chldcken Barbecue 5.73 2.79 7.00 1.65
Punjin Pie 5.71 2.37 6.36 1.78
Mashed Potatoes 5.57 1.74 6.50 1.56
Macaroni & Cheese 5.50 1.27 6.45 1.51
Chidc ala King 5.50 2.35 6.50 1.40
Ialmonico Potatoes 5.27 2.43 6.71 1.77
Creamed Carrots 4.86 2.44 7.08 1.71
Vegetable Medley 4.29 2.39 6.65 1.66
Broccoli Au Gratin 4.21 2.01 6.50 1.61
.•-ttered Squash 4.20 2.86 5.73 1.42

Mexican Bean Casserole 4.06 2.51 6.65 1.73
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and FlMavor
Breakfast Iteos

A~em Flavor
MAN SD MEFAN SD

a J 6.76 1.44 7.24 1.95
Apple cier 6.62 1.96 6.73 2.34
Grape Juic 6.43 1.55 6.50 2.38
Pbvmwle Juice 6.33 2.31 7.67 1.53
Grapefruit Juice 6.U1 2.42 6.78 2.59
Apple & Cirmnnam Farina 5.94 1.59 6.17 1.72
Peaches & Cram Farina 5.83 1.92 5.67 2.54
Banara-Strauberry Breakfast Drink 5.76 1.56 5.71 2.52
Potato Pan::a)ms 5.75 1.50 7.00 0.82
Han & Chsmee Rcndbe 5.72 1.96 6.06 2.62
Freich Toast 5.54 2.30 7.23 1.88
Oatmal W/waple & Brown S&gar 5.53 1.37 6.29 2.23
Strawe catmia 5.25 0.50 6.50 1.00
Hcnirn Grits 4.58 1.98 3.75 2.42
Green Pep & Han Omlet 3.94 2.16 5.38 2.78
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Lunch Items

A~peaarKeFlavjor
MEAN SD MEAN SD

ocxt Crean Pie 6.25 0.96 7.75 0.96
Inlian PLing 6.00 1.90 6.31 1.92
Oriental Pork v/Noodles 6.00 0.82 7.00 1.41

aled potatoes v/Ham 5.88 1.76 5.00 2.74
Creamed Omrn & Potatoes 5.88 1.58 5.76 2.02
Bluuery U1pside-Dom Cake 5.85 2.03 6.33 2.06
Fried Rice 5.75 0.96 6.75 1.71
lymaise Potatoes 5.69 1.89 3.85 2.58
Baked Beans 5.56 2.19 6.19 2.17
Ham & Chese Souffle 5.54 1.66 5.08 2.96
Chicken Pot Pie 5.47 1.87 4.94 2.41
Buttered Camn 5.46 1.45 5.67 2.19
Cauliflower & Cheese 5.35 1.62 3.33 2.38
StrýezTy S•hortcake 5.35 2.45 6.06 2.33
Apple Brown Betty 5.13 1.77 6.63 2.39
Potatoes v/Bacon & Cheese 5.12 1.96 5.00 2.81
Oriental Style Vegetables 5.00 1.41 6.25 2.22
American Ch Suey 4.82 1.78 5.41 2.69

e4.76 2.36 4.47 2.58
Pea Casserole 4.29 1.79 4.76 2.46
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Dinner Items

Appearan•e Flavor
MEAN SD MEAN SD

Gn 6.75 0.50 5.75 2.63
Spaghetti & Meatball 6.50 0.58 7.75 0.96
Fittucins Alfredo 6.50 0.58 6.75 2.22
hili con Cans 6.45 1.13 6.55 2.11

Coffee Ca0m 6.18 1.08 6.00 1.48
Chiciau Barbsoie 6.00 1.81 5.60 2.64
Dalmaiico Potatoes 6.00 1.81 4.64 2.59
Cheesecake 5.94 0.97 3.76 2.68
Macaron & (Chmes 5.82 1.17 4.18 2.75
Mahed Potatoes 5.79 0.97 4.50 2.21
Green Bean casserole 5.75 1.50 7.50 1.29
Chocolate Mcha Cake 5.73 2.37 5.20 2.46
Cremed Carrots 5.71 1.59 5.87 2.36
Paq*in Pie 5.57 0.85 5.50 1.91Chidcn ala King 5.36 1.22 5.29 2.67
Taco Grande 5.00 1.84 5.88 2.87
Vegetable Medley 5.00 1.84 5.88 2.87
Broccoli Au Gratin 4.93 1.54 5.93 2.62
Mexican Bean Casserole 4.82 1.38 3.94 2.41
Buttered Squash 4.55 1.81 6.73 1.90
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Portion Size* and Td=ur.**
Breakfast Item 1 to 5

craticn Size Texture
MEAN SD MEAN SD

PiappJe Ju~ioe 6.00 2.65 7.33 2.08
Stza :ry Otrmeal 5.75 2.22 7.25 1.71
Potato Panrabas 5.75 2.22 7.00 1.83
Grapefruit Juice 5.44 0.73 8.67 0.71
Green Ppper & Ham Omelet 5.38 1.71 7.37 2.09
App1e & Cirmakon Farina 5.17 1.47 7.39 1.61
Peaches & Crean Farina 5.17 1.29 7.72 1.90
Oatmal w/Maple & Brown SuJar 5.12 1.32 6.94 1.85
Barnra-Stramerry Breakfast Drink 5.12 1.32 6.76 2.25
lminy Grits & Cheese 5.08 0.79 6.08 2.39
Ham & Cheese Fondue 5.06 1.16 7.83 1.79
Orange Juice 5.00 1.66 8.35 1.06
Grape Juice 4.92 2.02 8.08 1.38
Fenc Toast 4.62 0.87 7.15 1.72
AWle Cider 4.56 1.63 8.25 1.77

*1 - RLch too SMIlU, 9 - nuuc too large
• e-wxasly gritty, 9 = not at all gritty
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Portion Size* arid Texture**
Luxh Ites 1 to 5

Porticn Size Texture
MEAN SD MEAN SD

Caulitllower & Cheese 6.11 1.68 5.72 1.96
Facalloped Potatoes & Ham 6.06 1.51 6.65 2.06
Pea Casnserole 5.88 1.27 7.00 1.70
Buttered Camn 5.85 1.46 6.85 1.68
Chicken Pot Pie 5.78 1.48 5.76 1.86
Potatoes w/Bacwr & Cheese 5.76 1.20 6.71 1.90
American ChV Suey 5.65 1.22 6.88 1.83
Ham & Cheese Souffle 5.54 1.39 6.62 1.61
Blueberry U•side-Down Cake 5.54 1.27 4.69 2.36
Alpe Brawn Betty 5.44 1.46 6.81 2.04
Indian P=uding 5.31 1.14 6.75 2.11
Str ery S=tcke 5.24 1.68 6.88 1.63
Creamed Corn & Potatoes 5.24 1.09 7.12 1.76
Wamise Potatoes 5.23 0.83 6.38 1.94

Baked Beans 5.19 1.22 7.19 2.10
Cauese jger 5.12 1.32 6.82 2.16
Coconut Cream Pie 5.00 0.82 7.50 1.91
Oriental Pork w/Noodles 4.75 0.50 7.00 2.31
Oriental Style Vegetables 4.75 0.50 7.00 2.31
Fried Rice 4.50 0.58 7.00 2.31

*1 = muh too small, 9 = uich too large
•*I = extremely gritty, 9 = not at all gritty
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Portion Size* and Texture**
Dimier Items 1 to 5

Porticn Size Texture
MEAN SD MEAN SD

Chili Co Came 5.82 1.40 6.36 1.69
Macaroni & Cheese 5.82 1.54 6.36 1.75
Datterecd Squash 5.82 1.60 6.27 1.62
Chicken ala King 5.64 1.45 6.86 1.61
Mashed Potatoes 5.64 1.39 7.00 1.71
Broccoli au Gratin 5.64 1.28 6.79 1.42
Coffee Cake 5.55 1.51 6.09 1.92
Chocolate Mocha Cake 5.53 1.41 6.53 2.26
Puqdn Pie 5.46 1.45 6.54 1.76
Taco Grande 5.41 1.12 7.00 1.80
Mexican Bean Casserole 5.41 1.00 7.41 1.37
Vegetable Medley 5.41 1.12 6.94 1.92
Creased Carrots 5.36 1.15 7.29 1.82
Cheesecake 5.35 1.17 6.76 1.89
Delu co Potatoes 5.13 1.60 6.93 2.02
Green Bean Casserole 5.00 0.00 7.50 1.91
Chicken Barbecue 4.93 1.58 6.87 2.17
Spaghetti and Meatball 4.75 0.50 7.25 2.06
Fettucirm Alfredo 4.75 0.50 7.50 1.91
Gingeibread 4.75 0.50 7.75 1.89

"*1 = much too small, 9 = nxuh too large
*=1 - extremely gritty, 9 = not at all gritty
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Ease of Sipping* and ¶eeabzre**
Breakfast Items 1 to 5

Ease of Siloing Teqerature
MWAN SD MEAN SD

Grapefruit Juice 8.43 1.13 3.50 2.62
Grape Juice 8.31 1.03 2.46 1.66
Apple Cider 8.31 1.35 3.94 2.05
Orange Juice 8.29 1.26 2.94 2.14
Ham & Cheese Fondue 8.06 1.21 7.11 1.41
Peaches & Cream Farina 7.72 1.49 6.94 1.30
Pineapple Juice 7.50 2.12 4.67 4.04
Frenh Toast 7.18 1.89 7.08 1.31
Banana-Strawerlry Breakfast Drink 7.00 1.62 3.53 2.03
Green Pq4er & Ham Omelet 6.81 2.59 7.13 1.45
kuiny Grits & Cheese 6.36 2.38 7.25 1.29

Apple & Cinnamm Farina 6.22 2.05 7.06 1.30
StraWberry Oatmeal 6.00 1.41 6.75 1.50
Potato Pancake 6.00 0.00 7.25 1.29
Oatmnal w/Yaple & Brown Sugar 5.41 2.76 7.06 1.30

*1 = Extremely Difficult, 9 = Extremely Easy
**i = Cold, 9 = Hot
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Ease of Sipping* and T~erabxre**
Lunch Itams 1 to 5

Eas of Sipping Trenrabtily
MEWN SD MEAN SD

Anaricen ChW usey 6.82 2.10 7.12 1.17
Creaed 0=n & Potatoes 6.69 2.12 7.06 1.44
Indian Pldding 6.69 2.18 3.88 1.71
Pea Casserole 6.65 2.09 7.00 1.22
Baked Bsean 6.60 2.26 7.13 1.59

S6.56 2.19 7.06 1.39
Buttered Corn 6.55 2.46 7.50 1.24
Apple Brown Betty 6.35 2.21 4.29 2.44
Straiwberry Shortcake 6.33 2.57 4.28 2.49
Potatoes w/Bacon & Cheese 6.12 2.26 7.06 1.20
Ham & Chaese Souffle 6.09 2.17 7.58 1.16
Chikmo Pot Pie 6.06 2.18 6.72 1.87
Cauliflower & Cheese 5.89 2.30 6.11 2.45
Escalloped Potatoes & Ham 5.61 2.62 6.83 1.98
I&'craise Potatoes 5.09 2.81 7.58 1.16
Blueberry Upside-Domn Cake 4.73 3.10 4.33 2.53
Cocmzn Crean Pie 4.67 3.21 5.00 2.16
Oriemtal Pork w/Noodles 4.33 2.89 6.75 1.50
Fried Rice 4.33 2.89 6.75 1.50
Oriental Style Vegetables 4.00 2.65 6.75 1.50

*1 - Extremely Difficult, 9 = Extremly Easy
-*1 Cold, 9 = Hot
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Ea of Sipping* and Temperature**
Dinner Items 1 to 5

Ease of Sipping Temperature
MEAN SD MEAN SD

Chili Cai Came 7.09 1.51 7.50 1.57
Macaroni & Cheese 7.09 1.58 7.75 1.22
Ceamed Carrots 7.00 1.84 6.43 1.70
Taco Grande 6.88 1.96 6.76 1.25
Chidcken ala King 6.80 2.21 6.80 2.08
Buttered Squash 6.64 1.86 7.75 1.22
Coffee Cake 6.60 2.07 5.58 2.54
Mexican Bean Casserole 6.53 2.18 6.53 1.77
Brocoo1i & Cheese 6.53 2.17 6.87 2.07
Cdicken Barbecue 6.53 2.33 6.53 1.68
Da1zmico Potatoes 6.47 2.36 6.60 1.68
Vegetable Medley 6.41 2.43 6.71 1.45
Cheesecake 6.41 2.03 4.12 2.42
Punpcin Pie 6.29 2.13 4.27 2.81
Mashed Potatoes 6.27 2.40 6.87 2.07
Chocolate Mocha Cake 6.07 2.12 3.20 1.86
Spaghetti & Meatballs 5.75 3.40 7.00 1.15
Fettucine Alfredo 5.75 3.40 7.25 0.96
Green Bean Casserole 5.50 3.32 7.00 1.15
Gingerbread 5.50 3.32 6.00 2.16

*1 = Extremely Difficult, 9 = Extremely Easy
•*i = Cold, 9 = Hot
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APPENDIX F

¶E-P MEAL M3X)_E
USMTEST

ERSEFFIMCULMY OF PEOXIWG TUS

Neither
Very Moderately Easy nor Moderately Very

Difficult Difficult Difficult Easy Easy
1 2 3 4 5

N RESN PER PATING TOUIL
Trm OF Z~1 2 3 4 5 -U AL

DeIenirg %dich items to serve - 1 2 3 5 11 4.1
openig the canm - - - 1 13 14 4.9
Making powdear amurevents - 4 5 2 3 14 3.3
Madkg water -msur m s - - 1 5 8 14 4.5
Followg printed instructions - 3 7 1 3 14 3.3
Pouring ual ftm the blendr - - - 2 12 14 4.9
Clemnirn pr ';ara.tim appliances - - - 2 12 14 4.9
Overall meal ;raration - - 1 4 9 14 4 .6
Overall use of theTBII - - 2 4 8 14 4.4
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DENTAL LIQUID RATION DAY ONE MENU: 
COMPONENT: KCAL PROT CARD FAT 

(Kc) (Gm) (Gm) (Gm) 

BAN-STRAW BFAST DRINK 215.0 6.9 32.5 6-4 
OATMEAL MPL BROWN SUO 308.0 4.7 36.9 15.8 
DArRYSHAKE 465.0 18.0 54.9 19.3 
ORANOE JUICE 172.0 2.2 39.1 0.8 

HAM A CHEESE SOUfFLE 239.0 14.5 13.8 14.0 
PEA CASSEROLE 229.0 11.7 25.5 9.0 
MASHED roTA TOES 1$6.0 3.4 20.9 6.5 
APPLE DROWN BETTY 288.0 2.2 42.0 12.4 
DAIRYSHAKE 465.0 18.0 54.9 19.3 

CHILl CON CARNE 241.0 15.1 16.4 12.8 
CAULIFLOWER & CHEESE 119.0 4.9 10,5 6.4 
ESCALLOPED POT & HAM 187.0 5.8 21.1 ,_, 
IILUBERY-UPSIOQ OWN CAK 60.0 4.9 37.3 H.1 
DAI}I.YSHAKE 465.0 18.0 54.9 IS.3 

TOTAL: 3609 130.2 460.7 164.8 

APPENDIX G 
DENTAL LIQUID RATION 
THREE J:ll>.Y NUI'RITION 

CHOL roo i'OT MAO IRON ZINC V-A V-E 
(Mg) (Mg) (Mg) {Mg) {Mg) (Mg) (RE) (Mg) 

-1.0 257.0 640.0 38;.0 1.5 1.0 36.0 1.0 
o.o 52.0 342.0 41.0 2.3 1.2 0.0 2.5 

-1.0 270.0 1190.0 63.8 0.5 2.0 456.0 1.8 
-1.0 4.0 760.0 -1.0 0.8 0.1 148.0 -1.0 

127.0 625.0 555.0 31.0 13 2.0 68.0 1.7 
12.0 352.0 • 449.0 $5.0 2.6 2.0 52.0 1.3 
8.o 462.0 411&.0 24.0 0.5 0.4 32.0 0.6 
8.0 186.0 407.0 18.0 1.2 0.5 -1.0 ,_, 

-1.0 270.0 1190.0 63.8 0.5 2.0 456.0 1.8 

31.0 391.0 763.0 6(1.0 3.7 3.0 146.0 2.8 
13.0 531.0 340.0 25.0 08 o.8 34.0 0.4 
11.0 430.0 484.0 :l2.0 0.6 0.8 24.0 1.7 

137.0 218.0 197.0 15.0 2.5 0.6 64.0 29 
-1.0 270.0 1190.0 63.8 0.5 2.0 456.0 1.8 

342 4318 8973 519.4 19.1 18.2 1971 22.7 

53 

v-c THIA RJBO NlAC V-86 FOL V-812 CALC PHOS 
(Mg) (Mg) (Mg) {Mg) {Mg) {Ug) (Ug) (Mg) (Mg) 

3.0 0.1 0.3 0.5 0.1 10.0 0.0 269.0 23M 
-1.0 0.2 0.0 0.4 0.0 7.0 -1.0 52.0 209.0 
0.0 0.1 0.9 0.6 0.1 12.0 o.o 590.0 594.0 

158.0 0.3 0.1 1.3 -1.0 -1.0 -1.0 37.0 59.0 

-1.0 0.1 0.4 1.1 0.1 8.0 o.• 282.0 3-41.0 
·LO 0.5 0.2 5.0 0.1 22.0 o.o 109.0 224.0 
27.0 0.0 0.1 1.2 0.1 4,0 -1.0 44.0 104.0 

1.0 0.1 0.1. 4.0 1.4 59.0 1.2 71.0 94.0 
o.o 0.1 0.9 0.6 0.1 12.0 0.0 590.0 594.0 

5.0 0.1 0.2 3 .• 0.1 34.0 o.• 81.0 413.0 
19.0 0.1 0.1 0.7 0,1 17,0 0.1 127.0 139.0 
27.0 0.0 0.1 2.3 0.1 4.0 0.6 42.0 144.0 

1.0 0.0 0.2 0.5 0.1 7.0 0.2 98.0 125.0 
0.0 0.1 09 0.6 0.1 12.0 0.0 590.0 594.0 

238 1.68 4.14 22.2 1.36 207 0.09 2982 "" 



APPENDIX G 

DENTAL L.lQUID RATION 0/t. Y TWO MENU: 
COMPONENT: KCAL PROT CAkB FAT CHOL SOD POT MAO IRON ZINC V-A V-E V-C THIA RJBO NIAC V-86 FOL V-812 CALC PHOS 

(Kc) (Gm) (Gm) (Gm) {Mg) (Mg) (Mg) (Mg) (Mg) (Mg) (AE) (Mg) {Mg) (Mg) (Mg) (Mg) (Mg) {Ug) (Ug} (Mg) (Mg) 

IIOMrNY GRITS W/ CHEESE 171.0 3.8 ~0.5 8.2 7.0 335.0 160.0 12.0 0.6 o.• 28.0 0.8 -I.G 0,1 0.1 0.9 0.0 1.0 0.0 76.0 104.0 
GREEN PEPPER&. HAM OME 278.0 14.7 11.0 19.5 2<12.0 683.0 384.0 29.0 2.4 2.0 118.0 2.1 ~1.0 0.1 0.'3 1.6 0.1 12.0 0.0 141.0 287.0 
DAIRYSHAKE 465.0 18.0 64.8 19.3 -1.1) 270.0 1190.0 63.8 o.s 2.0 456.0. 1.8 0.0 0.1 0.9 0.6 0.1 12.0 0.0 590.0 594.0 
ORAPEFRl.JIT JUICE 171.0 2.1 39.7 o.• -1.0 4.0 692.0 -1.0 o.• 0.1 8.0 -1.0 154.0 0.2 0.1 0.1 -1.0 -1.0 -1.0 38.0 68.0 

TACO GRA.I'IDE 231.0 12.9 17.4 12.2 32.0 648.0 560.0 48.0 2.5 2.5 610.0 2.1 -1.0 0.1 0.2 2.3 0.1 20.0 -1.0 155.0 214.0 
BIJTTERED SQUASH 145.0 2.7 18.8 0.6 -1.0 235.0. 327.0 21.0 0.7 0.3 136.0 1.9 10.1) 0.0 0.1 0.9 0.0 7.0 -to 91.0 88.0 
DELMONICO POTATOES 129.0 3.7 129.0 <.6 5.0 404.0 39~.0 21).0 o.s 0.6 30.0 0.5 23.0 0.0 0.1 1.2 0.0 5.0 ~1.0 62.0 115.0 
STRA 'HBERRY SHORTCAKE 246.0 6.2 34.7 9.2 25.0 385.0 328.0 27.0 2.8 0.5 148.0 0.4 5.0 0.4 0.2. 5.0 1.3 68.0 0.6 200.0 144.0 
DAIRYSHAK£ 465.0 18.0 54.9 19.3 -1.0 270.!) 1190.0 63.8 o.s 2.0 <1156.0 1.8 0.0 0.1 0.9 0.6 0.1 12.0 0.0 590.0 594.0 

CHICKEN 8ARBEQUE 221.0 14.2 20.9 9.0 -lA 723.0 663.0 31.0 2.1 1.0 142.0 28 14.0 0.1 0.2 6.< 0.1 22.0 0.3 172.0 205,0 
8UITERED CORN 268.0 6.8 39.0 9.4 9.0 100.0 645.0 60.0 0.8 1.3 100.0 1.5 -1.0 0.1 0.2 3.8 0.1 7.0 0.0 411.0 217.0 
BAKED BEANS 196.0 8.5 30.7 4 .• 4.0 410.0 765.0 69.0 2.5 1.0 -1.Q 0.7 -1.0 0.1 0.1 1.6 0.1 17.0 0.0 120.0 175.0 
CHOCOLATE MOCHA CAKE 547,0 9.5 $1.9 33.5 179.0 585.0 523.0 69.0 "' 1.0 -1.0 2.7 1.0 0.9 0.2 0.5 1.3 91.0 0.8 185.0 301.0 
DAIRY SHAKE 465.0 18.0 64.9 19.3 -1.0 270.0 1190.0 63.8 o.s 2.0 456.0 1.8 0.0 0.1 0.9 0.6 0.1 12.0 0.0 590.0 594.0 

TOTAL: 3998 138.8 578.3 174,8 497 5321. 9016 576.4 19.5 16.6 2686 19.7 202 2.55 '·" 26.7 2.59 2 ... -1.6 3056 3700 
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DENTAL LIQUID RATION DAY THREE MENU: 
COMPOKENT: KCAL PROT CARD PAT CliOL SOD POT MAO IRON ZINC V-A V·E v-c THIA RIBO NIAC V~B6 PDL V-812. CALC PHOS 

(Ko) (Gm) (Gm) (Gm) (MO) (Mg) (MO) (MO) (Mg) (MO) (RE) (Mg) (Mg) (Mg} (Mg) (Mg) (MO) (Ug) (Ug) (Mg) {Mg) 

PEACHES A CRM PARrNA 163.0 ••• 24.7 5.9 4.0 43.0 221M 13.0 4.9 0.4 -1.0 1.4 -1.0 0.1 0.1 1.3 0.0 3.0 -1.0 42.0 62.0 
HAM & CHEESE FONDUE 3iil3.0 17.6 6.6 25.2 54.0 1161.0 238.0 28.0 0.9 2.8 92.0 0.2 .. 1.0 0.1 0.2 1.9 0.1 13.0 0.3 328.0 404.0 
DADI.YSHAKE 465.0 18.0 54.8 19.3 -1.0 270.0 1190.0 63.8 0.5 2.0 45&.0 1.9 0.0 0.1 0.9 0.6 0.1 12.0 0.0 690.0 594.0 
GRAPE JUICE 208.0 0.6 61.4 -1.0 -1.0 6.0 358.0 -1.0 0.9 0.1 -1.0 -1.0 -1.0 0.9 0.1 0.6 -1.0 -1.0 -1.0 34.0 37.0 

SPAOHETn & MEATBALLS 223.0 16.5 16.8 9.9 43.0 $83.0 • 553.0 38.0 2.5 3.0 222.0 2.0 s.o 0.2 0.2 4.9 0.1 8.0 0.6 105.0 172.0 
GREEN BEAN CASSEROLE 171.0 5.6 15.0 9,8 17.0 184.0 501.0 35.0 1.1 0.7 106.0 2.0 28.0 0.1 0.2 1.5 0.1 20.0 0.1 81.0 TOV.O 
LYONNAJSE POTATOES 114.0 2.9 20.1 2.4 4.0 881.0 429.0 25.0 0.6 0.3 18.0 0.1 26.0 0.0 0.1 1.7 0.1 4.0 -1.0 37.0 72.0 
GINGERBREAD 428.0 9.9 71.5 11.5 6.0 332.0 1135.0 70.0 2.6 1.0 86.0 1.4 -1,0 0.1 0.5 3.9 1.4 84.0 -1.0 428.0 286.0 
DAJRYSHAKE 465.0 18.0 .... 19.3 ·-1.0 270.0 1190:0 63.9 0.5 2.0 450.0 1,6 0.0 0.1 0.9 0.6 0.1 12.0 0.0 590.0 594.0 

ORIENTAL PORK WI NOODLE 176.0 14.7 12.0 7.6 35.0 720.0 460.0 30.0 1 .• 1.6 50.0 0.6 -1.0 0.2 0.2 ••• 0.1 14.0 0.2 115.0 16i.O 
CREAMED CORN A POTATO 166.0 3.7 28.2 4.3 -1.0 260.0 494.0 35.0 0.7 0.8 20.0 0.9 16.0 0.1 0.1 2.6 0.1 10.0 -1.0 17.0 122.0 
FRIED RICE 236.0 4.5 27.9 11.9 33.0 733.0 2SO.O 12.0 0.6 0.5 30.0 2.6 -1.0 1.3 0.1 0.4 0.0 9.0 0.1 48.0 135.G 
CHEESECAKE 580.0 1t.7 38.3 '42.2 233.0 675.0 422.0 32.0 1.0 1.0 162.0 1.0 -1.0 0.1 0.4 0.4 0.1 21.0 0.3 179.0 279.0 
DAIRYSHAKE 465.0 18.0 .... 19.3 -t.O 270.0 1190.0 63.8 0.5 2.0 456.0 1.9 0.0 0.1 0.9 0.6 0.1 12.0 o.o 590.0 594.0 

TOTAL: 4163 144.0 477.7 187.5 423.9 6363 6840 508.4 18.6 18.0 2151. 16.6 .. 3.32 4.67 25.7 1.31 221 -3.3 3165 3628. 
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