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Introduction 

The purpose of this study was to determine the dif

fe rence in temperature and quality-holding capabilities 

amo ng a heated/chilled cart and two types of pellet systems 

fo r patient tray transport in a hospital setting . Infor

mat ion on functions of transport equipment is limited to 

manufactmrer specifications; review articles on equipment 

characteristics; and some research in the early 1960's on 

t ime- us a ge, holding temperature, and cost. The 1970's 

have seen advances in equipment which may indicate a need 

f or additional information on the holding capabilities of 

t ransport equipment. Curiale (1971) and Flynn (1965) have 

i dentified equipment selection considerations and compared 

types of equipment. However, these writers presented no 

information regarding effectiveness in maintaining appro

priate serving temperature and food quality. Laudenslager 

(1970) presented information on cost, holding temperature, 

and patient acceptance of an insulated tray system of meal 

transport. A heated/chilled cart was compared by Gee and 

Axelrod (May 1962, June 19 62) to a pellet system with re

gard to time, temperature, personnel, and cost. These 

investigators indicated a need for further research of 

time/temperature relations hip in the pellet sy s t e m (Gee and 
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Ax e lrod, May 1962). Disposable and permanent serviceware 

h a ve been studied with regard to temperature holding, cost, 

a n d patient acceptance (Heinemeyer, 1972; Mueller, 1969; 

Ward and Clark, 1972). Hartman (1969) has pointed out a 

nee d for research in all areas of foodservice. Unklesbay 

( 197 7) ider.tified a need for further research regarding 

s e nsory indices of quality in alternate foodservice systems. 

Statement of the Problem 

The ne e d to preserve rr:aximum food quality and appro 

p r iate temperature of food during transport is basic to 

t h e objectives of a foodservice system. In support of 

t h ese goals, the following aspects of the problem were in

vestigated in this study: 

1. What is the difference in temperature changes in 

ho t fo ods transported on trays in heated/chilled carts 

ve rsus two pellet systems within the Houston Veterans 

Administration Medical Center Foodservice System? 

2. What is the difference in temperature changes 

in cold foods transported on trays in heated/chilled 

carts versus two pellet systems within the Houston 

Veterans Administration Medical Center Foodservice 

System? 

3. What is the difference in hot food quality on 

trays tiansported in heated/chilled carts versus two 
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pe l let systems, as measured by a panel of experts within 

t he Houston Veterans Administration Medical Center Food-

s ervice System? 

4. What is the difference in cold food quality on 

trays transorted in heated/chilled carts versus two 

pe llet s y stems, as measured by a panel of experts within 

the Houston Veterans Administratipn Medical Center Food-

ser vice System? 

Review of Literature 

Factors Affecting Food Temperature and Quality During 
Tran sport 

The factors affecting food temperature and quality 

con sist of time, temperature, moisture, cooling rate, and 

typ e of food product. These factors are interdependent 

elements of on-premise control and have a significant 

ro le in the service temperature and quality of a food 

i tem. 

The importance of time in relation to food quality 

and temperature cannot be overemphasized. Gee and 

Axelrod (June 1962) report time as the greatest single 

factor in temperature control. The basic premise in-

valves the fact that all food reaches room temperature if 

held long enough (Ross, 1971). Food holding time should 

be minimal; and as time-lapses lengthen between service 
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and consumptipn, other factors-- such as equipment-- must 

b e adjusted to compensate (Ross, 1971). Inaccurate timing, 

a s a cause of temperature and quality loss, was traced by 

Mi l ler (1968) to the following faulty practices: 

1. Haphazard adherence to the prescribed 
period required for proper execution of 
one or more particular steps of the pro
cedure. 

2. Unscheduled time lags between procedural 
steps, and resultant undesirable changes 
at interim stages during the production 
process. 

3. Product changes resulting from too much 
or too little delay between the time the 
product is completely prepared and the 
time it is portioned for service. 

Al t hough these factors are factual, they cannot be con-

side red inclusive of all possible causes of time-lapse 

be tween production and service. Time-lapses can be con-

trolled by equipment selection and the degree of speed 

and coordination in the delivery system (Gee and Axelrod, 

June 1962; Peffers, 1963). The optimal time-lapse averages 

f or some delivery systems have been defined. These are 

six minutes in plain carts and china, nine minutes for 

pellet systems, and undefined in heated/chilled carts 

when plugged into electrical receptacles (Peffers, 1963). 

Temperature is the second major factor related to 

quality of food products. Hartman (1962) cited the lack 

of studies on food temperature acceptable to patients and 

the need for basic temperature standards. One subsequent 
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s tudy found acceptable food temperatures among a group 

o f surgical patients to be 160° to l70°F. for vegetables 

0 6 0 a nd 150 to l 0 F. for meats (Thompson and Johnson, 1963). 

Ross (1971) reported 140° and l50°F. to be the preferred 

eat ing temperature of hot foods. A study of holding 

temperatures found preferred serving temperatures to be 

14 5° - l50°F. for soup and beverages; 140° - l45°F. for 

ve getables and entrees (Blaker, Newcome, and Ramsey, 1961). 

From these studies it appears that acceptable service 

temp eratures of hot .foods are between 14 0° and 170°F. To 

p ro tect food from contamination and bacterial growth, hot 

fo od must be above 1 40°F and cold food below 45°F. (Stauffer , 

19 64). In order for food to be received by the patient 

at an acceptable temperature for both sanitation and 

pal a tability, the original temperature of the food must be 

h igher to allow for cooling during holding (Ross, 1 971) . 

The required original temperature depends upon the holding 

time between service and consumpt ion and the effectiveness 

o f the holding equipment (Ross, 1971; Blaker et.al., 1961). 

Blaker , Newcome, and Ramsey (1961) found that the approp-

riate holding temperature of food could be predicted by 

determining the preferred eating temperature , the cooling 

rate for that food item, and the time-lap se from service 

to consumption. For example, tea-- with a preferred 
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t emperature of 149°F., and a lapse-time of 6 minutes-

must be held at 160°F. according to the Blaker et.al., 

(J.9 61) cooling rate curve. This study concluded that 

desirable holding temperatures may be readily calculated 

f or any facility, given preferred eating temperature, 

foo d cooling rate, and time-lapse from service to con

:.:~umption (Blaker et.al., 1961). 

Moisture control affects quality of food during trans 

por t and may alter the nature, cons istency , and texture 

o f the food. Exposure to atmospheric conditions of 

humidity may cause dryness or sogginess in finished pro 

d.uct s (Miller, 196 8). In transport, non-compartmented 

s e r viceware tends to cause blending of food moisture, 

fl a vor, and aroma, changing the quality of the food 

product (Laudenslager , 1970). 

The cooling rate of food is dependent upon the 

foo d product, type of food container, and original fo~d 

temperature (Ross, 1971). Two material medias of different 

t emperatures transfer heat from the hot medium to the cool, 

so that temperatures equalize ( Ross , 1971). Heat transfer 

through metals is more rapid than through china or glass; 

and the greater the temperature difference, the more rapid 

the heat transfer (Ross, 1971). The longer food is he ld 

before service, the more important it is to preheat con-
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tainers for hot foods and chill cold food containers 

( Eo s s , 19 71 ) . 

IL~~ ed Transport Equipment 

Transport equipment can be divided into two basic 

type s-- heated and unheated transport systems. Heated 

sys t ems consist of a mobile unit (cart) which is heated 

and refrigerated by a self-contained system. Several 

type s of heated carts are currently on the market. One 

typ e , the lltray-on-trayll system, consists of a heated/ 

ch i l led cart in which a full size tray with cold items 

is f itted into the cold compartment and a half-size tray 

is he ld in the heated section (Flynn, 1965; Curiale, 1971; 

r eff ers, 1963). At the point of service the hot food 

t ray must be matched and set on the cold food tray (Flynn, 

196 5) . A variation of this principle consists of two half 

tray s, one hot and one cold that is matched and placed on 

a large tray at point of service (Curiale, 1971). Another 

s y stem of heated/chilled transport involves a bulk de

l ivery style to service area for hot and cold items 

(Bowman, 1972). These types of heated/chilled transport 

have the advantage of assembling hot and cold food at 

different times if desired (Peffers, 1963). The major 

disadvantage consists of loss of control of final assembly 

of trays and the added factor of requiring assembly of 
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t r ays just prior to service (Peffers, 1963; Curiale, 1971; 

Flyn n, 1965). There is a heated/chilled cart system which 

el i minates the disadvantage of assembly just prior to 

service. This system, the single-tray heated transport, 

con s ists of a cart in which hot and cold compartments are 

d ivided by a flexible gasket o r by a solid divider with 

a s lo t t ed tra y (Flynn, 1965; Bowman, 1972; Curiale , 1971; 

Je r n i gan, 1969; Peffers, 1963). Advantages of this type 

of cart a r e that the tray is assembled within the area of 

sup ervision and that proper temperatures are maintained 

while the cart is connected to the electrical supply 

(Pe f fers, 1963; Flynn, 1965; Jernigan, 1969). Disadvantages 

inc l ude the possible failure of the gasket to separate com

part ments appropriately and warping of slotted trays 

(Flynn, 1965). 

Unheated Transport Systems 

There is great variety in the type of unheated trans

p ort systems on the market. These nonmechanical means of 

temperature and quality maintenance consist of the follow~ 

i ng two basic classes of equipment: (a) permanent or dis

posable insulated serviceware, and (b) heated pellet sys

tems (Jernigan, 1969). One insulated system uses both 

disposable and permanent serviceware. It consists of an 

insulated tray with disposable insets (Laudenslager, 1970). 
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I n these trays, foods of the same temperatures are placed 

in c ompartments which, when the trays are stacked, form 

t.hermal columns (Laudenslager, 1970). When trays are 

ass embled with foods of 160° to 195°F. this system can 

maint ain optimal temperatures of meals for one to one 

a nd one-half hours (Laudenslager, 1970). 

Heated pellet systems are composed of a heated disk 

o r p e llet, which holds a plate that is covered with either 

a me ta l or plastic top (Jernigan, 1969; Cabot, 1970; 

Pe ffer s , 1963). Add itional equipment needed to support a 

pe llet system consists of plate warmers, pellet ovens, and 

i n sulated accessories for items outside the main plate 

(Je r nigan, 1969). Plates are usually heated to 180°F., and 

pellets to 250°F. (Cabot, 1970). Advantages of this system 

include retention of heat while the patient is eating and 

comp a rtively low cost (Jernigan, 1969). A disadvantage 

i n pe llet systems consists of the deterioration of food 

quality due to temperature loss as a result of service 

delays (Peffers, 1963). 

Comparison of Transoort Equipment 

The quality and temperature-holding capabilities of 

t ransport equipment have not been studied intensely. Dis

posable and permanent serviceware, heated/chilled carts, 

and a pellet system have been compared by some researchers. 
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Heinemeyer (1972) and Mueller (1969) have compared dis

po s ab le and permanent serviceware. One study found t h at 

di spos ables were well accepted by patients and that 

pat i ents frequently stated food quality was improved by 

the use of disposables (Mueller, 1969). A spot test 

foun d t h a t coffee in china cups had an initial temperature 

lo ss o f 20° to 25°F., while plastic-coated paper cup s 

caus e a l mo s t no initial loss and coffee in these t y pe 

of cups wa s 17° to 20°F h otter than that in china after 

ten mi nutes (Mue ller , 1969) . He inemeyer ( 1972 ) f ound 

that mo st fo od served on disposables loss less heat than 

di d s i mila r foods served on permanent serviceware. 

Al though disposables maintained hot foods at slightly 

h1ghe r t emperatures, the permanent serviceware also main

taine d h ot food at acceptable eating temperatures 

(He i neme y er, 1972). It was concluded that it would seem 

unlikely that patients would appreciate or notice the 

3° to 6°F difference in food temperatures (Heinemeyer, 

19 72 ) . 

Gee and Axelrod (1962) compared a pellet system with 

a heated/chilled cart. The two systems were studied con

s idering time factors, thermal efficiency, capital 

i nvestment, operating cost, and personnel and space re

quirements. In this study a time-lapse, from point of 
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a.ss emb ly to service, of 34 minutes occurred in the heated/ 

chi l led cart as compared to 21 minutes in the pellet 

sys t em (Gee and Axelrod, May, 1962). This ·decrease in 

t i me -lapse due to decreased assembly and service time was 

shown to be critical, as it affected service temperature. 

Beth systems yielded an initial temperature drop, with 

• 
the p e llet showing slightly better heat retention. After 

30 minutes both systems showed similar temperatures, 

0 
and after one hour the average food temperature was 98 F. 

jn th e pe llet and room temperature in the heated cart. 

'I'herefore , due to decreased assembly and service time, 

t~e pe llet system was concluded to have a temperature 

hol ding advantage. Cold foods were not considered in this 

st udy and lead to the recommendation for further research 

in t h is area . The pellet system eliminated four full-time 

and t wo part-time positions for the hospital due to de-

cre as ed service time requirements. Capital expenses con-

si sted of 27 heated/chilled carts at $42 ,500, compared to 

$15 ,857 for the pellet system and support equipment. The 

t wo systems both were found favorable in regard to patient 

sat isfaction; however, an inconclusive test f ound a slight-

ly higher degree of dissatisfaction with the heated/chilled 

cart system. In review of the research results, the 

hospital in this study selected the pellet system for 
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se rvice to all units except pediatrics and psychiatry, 

vihe r e the pellet heated to 450°F. was. considered a 

po ssible hazard. The key factor for their selection of 

-; .h e pellet system in all other units was the decreased 

:: :: me from assembly to patient service which promoted an 

~~·crage service t~mperature of 153°F. in the pellet as 

·_,:•mp a red to 14 0°F . in the heated/chilled cart . 

Hypotheses 

0~e nul l hypotheses of this study are stated as f ollows: 

1 . There is no significant difference in temperature 

c:,_a nges in hot foods transported on trays in heated carts 

ve rsus two pellet systems. 

2 . There is no significant difference in temperature 

ch a nges in cold foods transported on trays in heated carts 

ve r s us two pellet systems. 

3. There is no significant difference in hot food 

q uality in trays transported in heated carts versus two 

p e llet systems, as measured by a panel of experts. 

4. There is no significant difference in cold food 

quality on trays transported in heated carts versus two 

pellet systems, as measured by a panel of experts. 



Definit i ons 

Heated cart: For the purp ose of this study a heat e d 

~art was a mob ile unit divi ded into a hot and cold com

f.;;:,r t ment used to transport trays f::.."om assembly to p atient . 

-,-:1 t h is case the system consists of plate warmer , china, 

ailve rware , styrofoam cups and single tray ca rt . 

Pellet system : Fo r the purpose of this s t udy two 

)? l le t systems were defined. The metal cover pellet 

~vs t em consisted of a pellet oven , metal base s and covers , 

plate s , plate warmer s , and i ns u lated cups and bowls. The 

pJ.a s tic cover pellet system consisted of a pel let oven , 

met al base s, plastic covers , plates , plate warmers, styro

foam cups , and china bowls . 

Panel of experts : The panel of experts c onsisted of 

two registered dietitians and a dietetic i n tern who had 

bee n instructed in evaluating food before and after trans 

port . 

Methods 

This study involved a simulation of the tray service 

o f the Veterans Admin i stration Medical Center, Houston, 

Te xas . The heated cart and the two pellet systems wer e 

studied through measurement of temperature and quality 

changes resulting after simulated transport . The study 

13 
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was conducted for fourteen consecutive week day breakfast 

a nd noon meal periods. Both hot and cold food items were 

e va luated. Breakfast food temperatures were representative 

o f the last hospital ward served by the dietetic tray 

~ervice . Noon food temperatures were representative of 

~;he first hospita.l ward served by the regular tray service. 

'''his variance in the sequence of the t rays select e d for 

stu dy was done for pragmatic reasons and was not a function 

of the research design. 

Pro cedure 

Two sample trays were prepared and t i me -lapse of trans

yo r t were simulated. Time as a variable was manipulated 

to represent the average service to a thirty - bed hospital 

ward . A standard for the time needed to serve a thirty-bed 

hospital ward was determined by averaging t hree actual 

observed time s of service . This time was found to be 20 

minutes. This standard time was used to simulate the length 

of time in tray assembly and delivery to the patient. The 

he a ted cart, metal cover pellet, and plastic cover pellet 

were used in simulated service with both hot and cold food 

items being studied . Two sample trays were prepared for 

each transport syst em . Sample tray #1 was used for de

t ermining post - transport t emperat ure s ; sample tray #2 was 

us ed to evaluate quality change. The study procedure steps, 



15 

0s outlined in Figure 1, were repeated for each type of 

:-;ra n sport . Step 1 was accomplished by pre-conditioning 

th e transport equipment according to manufacturers' 

:'·":: c ommendations. These included heating and chilling 

u;.:c t s for 45 minutes, pellets in pellet ovens for 90 

~ ,:i nut es, and warming plates needed for service. For 

iti:- ·asuring the food temperatures (steps 2, 7) a pyrometer 

was u sed . Step 5 was trhe simulated time for tray 

~ss embly. Step 6 was the simulated time for tray delivery . 

,·?c, e p 7 involved removal of the tray from transport cart 

nnd s imulation of patient bedside service. 

The panel referred to in steps 4 and 7 consisted of 

two registered dietitians and a dietetic intern. Panel 

sel e ction was based on member availability for both service 

t:Lme s each study day and member interest in the study. A 

tra ining session was held prior to initiation of the study 

to p romote inter-rater reliability. 

Criteria used by the panel to subjectively evaluate 

foo d quality and temperature change are shown in the score 

sheet (see Appendix A). The panel annotated subjective 

c omments for these criteria at each the pre-transport and 

post-transport phases, as outlined in steps 4 and 7. 

Ea ch panel member compared his respective pre- and post

transport comments and estimated the change observed utiliz

ing the numerical code for scoring (range 0-6). 
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I 

l. Controlled initial temperature 
of equipment 

. . 

2 . Measured & recorded temperature of food on 
service line 

3. Assembled sample trays l & 2 

4 . Panel evaluated sample tray #2 

5. Simulated standard time involved in tray 
assembly for 30 bed ward (20 minutes) 

t 

I 
6 . Simulated standard time involved in transport from 

assembly to patient service 

I 7. Simulated service of sample tray 

I 
I I 

7a. Measured and recorded temp
erature sample tray #l I 7b. Panel evaluated quality 

' change of transported 

·------------------------------------~ 

·I food 

Figure 1. Diagram of the study procedure 
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~tatistical Analysis 

The independent variables in this study were the three 

types of transport equipment-- heated cart, metal cover 

pe llet , and plastic cover pellet. The dependent variables 

were temperature and quality changes. A two-factor mixed 

d e sign analysis of variance was used to determine sig

nif icance of objective measures of temperature changes in 

h ot and cold food items, p < .05 (Bruning, James, and 

Kintz, 1977; Huck, Cormier, and Bounds, 1974). The follow

ing are underlying assumptions of analysis of variance: 

( l ) treatment groups are randomly selected from defined 

p opulation; (2) treatment groups are independent of one 

another; (3) population data distributions are normal; 

( 4) treatment groups are of equal size for homogeneity of 

variance; and (5) the effects of various factors on total 

variation are additive (Bruning et.al., 1977; Huch et.al., 

197 4). 

Limitations 

The research design for the study encompassed the 

fo llowing limitations: 

(l) The mean holding temperature of the hot food 

prior to the assembly of sample trays was below the 

ran ges of recommended holding temperatures for these foods. 
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(2) The two pellet systems studied were not actually 

in use at the hospital foodservice; this resulted in an in

ab i lity to determine actual time-lapse from tray assembly 

t o patient service for these types of transport equipment. 

Results and Discussion 

The food temperature and quality holding character

I.s t ics were measured in each of the three types of tray 

t ransport equipment for fourteen breakfast and dinner meal 

per i ods. Two breakfast periods were eliminated from the 

s t udy due to equipment failure, leaving twelve breakfast 

~eal periods for consideration. The panel of experts 

we r e instructed on the use of the scoring instrument for 

e va luating food quality changes and practiced scoring 

s ample trays as a group prior to the study. The panel, as 

a group, discussed scoring techniques and established 

s t andards and criteria for using the scoring instrument. 

Temperature differences between trials, i.e., between 

p r e- and post-transport times, were found to be significant 

( p < .01) for all food items (see table 1). Between groups, 

i. e., between the types of equipment, no significant 

d ifferences were found among hot or cold food items (see 

t able 1). There were no significant differences found for 

ho t or cold food items between groups by trials. Figures 
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Table l 

F- r·,J.t io and P values for Group , Trials, and Groups by Trials 
for Each Food Item 

J U. 
T' .etO 

E• J 

Di.n 

V::.. 
[)(' 

Ir· 
M.L 

an 

b 
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.l kc 

= 12 

= 7 

= 14· 

= 13 

< .05 

GROUP TRIALS GROUP BY TRIALS 
b'-rat io p F-ratio p F-ratio p 

* 
.455 . 6441 81.638 .0001* 1.186 .3184 

1.672 .2020 175.814 . 0001* 2 .505 .0954 
. 845 .5582 97.519 .00 01* . 891 .5772 

2.709 . 0565 517.247 .0001* 1.380 .2615 
;655 .5304 329.217 .0001* 2.399 .1047 

1.487 .2518 12.783 .0024 2.169 .141 8 

* . 816 .54 69 89 . 220 .0 00 1* 1. 080 .3503 
. 296 .7496 85 . 477 .0001* . 917 .5878 
.179 .8378 244.042 .0001* .377 . 6941 
. 0 20 .9811 38.0 30 .0 001* . 4 39 .6538 
.647 .5 338 46.80 8 .0001* 1.928 .1572 
.044 .9571 304.594 .0001 .559 .5812 
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2 and 3 graphically show the lack of significant interaction 

fo r two food items, breakfast entree and dinner entree (see 

f i gures 2 and 3) . The mean temperatures for all food i tems 

a r e surmnarized by meal period (see tables 2 and 3) . The 

m.os t des irable mean post-t ransport temperatures were re

cor ded for the metal pellet system with the exception of 

breakfas t coffee, breakfast milk, dinner dessert, and dinner 

ic e d tea (see tables 2 and 3). 

Quality change scores recorded for ho t and cold food 

items by the panel of experts do n ot appea r significant 

(s e e Appendix B) . This can be attributed to the lack of 

~ensitivity in the scoring instrument . . The evaluation 

jns t rument would be i mproved by using larger numerical 

cha nge scores. The 0- 6 score range was too limited to 

a dequately e val uate between quality changes . 

The results of this study i ndicate that for this 

ho s p ital foodserv i ce , none of the three types of transport 

equipment are effect ive in preventing a significant 

cha nge in temperature of foo d items by trials or over time. 

Although reduced temperatures were expected, the most de 

sirable transport equipment would lessen the s i gn i ficance 

in pre - and post - transport changes. This fact may account 

for the numerous types of transport systems marketed for 

hospital foodservice systems . None of the three transport 
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---- P1ast ic Pellet 

115 
- ·- Metal Pel let 

110 

10 5 

100 

95 

90 
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F igure 2. Mean temperatures for breakfast entree, pre- and 
post-transport by equipment 
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Figure 3. Mean temperatures for dinner entree pre - and 
post-transport by equipment 
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systems studied have optimal temperature holding capabilities 

over the simulated 20 minute service time . Peffers (1963) 

def ined opt imal time from assembly to service as nine min

utes in pellet systems and undefined in heated carts when 

connected to electric supply. Al though this study cannot 

support Peffers time recommendations, it does i ndicate 

that food transport times should be mini mal to reduce 

signifcant changes i n food temperatures regardless of the 

three types of t r ansport equipment studied . 

In this food service system, there we re no significant 

differences noted between groups . The F- ratio statistic 

between groups answers t he quest ion: is there a signifi 

cant main effect of the between groups factor (Huck et.al ., 

1974) . In this study , this would be interpreted as : is 

there significant difference between the temperature 

holding performance of the three types of transport 

equipment per se? If there were such a significance , it 

would mean that the types of equipment different ially 

affect the temperature holding performance, when the food 

t emperatures are averaged across the two testing per i ods . 

Bruning and Kintz (1977 ) refer to thi s aspect as a 

"comparison of the overall performance of the experimental 

groups (p . 21) ." Within this hospital foodservice ; there

fore , t here i s no significant differenc e in the ''overall 
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performance" of the three types of transport equipment. 

There was a trend for more desirable mean group temperatures 

for the metal cover pellet transport equipment, with the 

exceptions of breakfast coffee, breakfast milk, dinner 

dessert, and dinner iced tea (see tables 2 and 3). This 

t rend may indicate a slight advantage for the metal cover 

pellet transport within the study foodservice s yst e m. 

There were no significant differences for groups by 

trials within this foodservice system. The F- ratio statis

t ic for groups by trials answers the question a s to whethe r 

the trend of performance across the two testing periods are 

similar for all study groups (Huck et.al. , 1974). Bruning 

and Kintz (1977) describe this as the evaluation "in relation 

to the passage of time between measuring periods" ( p . 21) . 

In terms of this study , this would be interpreted as: is 

there a significant difference between the three t ypes of 

transport equipment in terms of trend of performa nce over 

pre- determined periods of passage of time? This statistic 

thus represents an estimator of the performance of three 

specified types of equipment within two specified time 

periods . Though no significant differences were found 

for equipment type over time passage, the mean post - trans 

port temperatures are slightly more desirable for f oo ds 

served in a metal cover pellet system with the exception 
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of breakfast coffee and dinner desserts served in a heated 

cart and breakfast milk and dinner iced tea served in a 

plast ic cover pellet system (see tables 2 and 3) . In the 

hospital foodservice of this study, the overall results 

indicate that a metal cover pellet system is slightly 

more efficient in holding food temperatures when compared 

to a plastic cover pellet system or heated cart. Gee and 

Axelrod (May 1962; June 1962) also found a pellet system 

to be superior to a heated cart in holding food temp

eratures . 

It is interesting to note that the two pieces of 

insulated plastic support equipment, beverage cups and 

cereal bowls, used with the metal pellet system were not 

significant in improving post- transport temperatures. 

The plastic cereal bowl held hot cereal at a mean of 

ll.86°F. higher t han china cereal bowls. This temperature 

may be discernable by the consumer, justifying expenditure 

of funds and use of this equipment. The plastic beverage 

cups held coffee at a mean of 5.67°F. lower than disposable 

styrofoam beverage cups. The high incidence of pilferage 

and cost of replacement of the plastic beverage cup may 

indicate advantages in the use of disposable styrofoam 

cups . The temperature holding advantage of disposable 

cups delineated in this foodservice system also was 
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found by Mueller (1969) . There were no significant 

differences in cold food items among the different types 

of transport equipment, as evaluated by pre- and post 

transport temperatures. 

In this foodservice system, the initial temperature 

of food i tems prior to tray assembly was a major uncon

trollable variable of this study . The mean holding 

temperatures for hot food items were consistently at or 

below the preferred serving temperatures of 140 - l70°F. 

(Thompson and Johnson, 1 963 ; Ross, 1971; Blaker et .al., 

1961) . As the initial temperatures of hot food items 

were within acceptable serving temperatures, there was no 

allowance for the normal cooling rate of food items . 

Evaluation of the equipment holding qualities werecompound

ed by this cooling rate of food items . The cooling rate 

curve proposed by Blaker et . al . (1961) indicates that the 

cooling rate slows as temperatures between environment and 

food item begin to equalize. Due to the low initial food 

temperatures it can be assumed that the cooling rate was 

decreased, influencing the temperature results of this 

study. It also became apparent that the cooling rate of 

food items varied considerably with type of food product. 

The use of varied menu items in this study thus compli

cated the interpretation of results. 
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For the purpose of this study the time- lap se between 

tray assemb l y and s i mulated service was held constant at 

20 minutes for each of the three types of transport 

equi pment . Gee and Axelrod (May 1962 ; June 19 62) found 

that the major advantage of the pel l et system of tray 

transport was a reduct i on i n the time- lapse between 

assembly and service . In this food service system due 

to the regular use of a heated cart transp ort and un

famil i arity wi th the two pe l let systems , a reduction in 

assembly to service time was not ob servable ; therefore , the 

20 minute constant may not be representative of pellet 

systems . A reduct i on in t i me between assembly and service 

may have led to significance between pre - and post - transport 

temperatures in the pellet type systems versus heated carts . 

Conc l usions 

Within the foodservic e system of this study , there 

were no s i gni ficant differences in overall equipment 

performance between groups , i . e ., equipment type , and 

between groups by trials , i.e. , time passage . Thus the 

null hypotheses in this study failed to be re j ected . 

These two hypotheses were : there is no sign i ficant 

differences i n temperature changes in hot or cold foods 

transported on trays in heated cart s versus two pellet 

systems. The metal cover pellet was found to have 
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slight ly better mean group and post-transport temperatures 

for most food items , as compared to the two other transport 

systems. 

The initial food temperatures in the foodservice 

system in this study were below acceptable standards. 

This resulted in the mean post-transport temperature s for 

al l hot food items being below preferred service temperatures , 

regardless of type of transport equipment. In this food

service system, the holding capabilities of the transport 

equipment were not challenged due to low pre - transport 

temperatures of the food. 

The results of this study are unique to the operations 

of a specific foodservice system. A study of this nature 

conducted under laboratory conditions could be valuable . 

In that instance, the variables of initial food temperature, 

type of food item, and cooling rate of food woul d be more 

controllable. Such a study would i so late information 

about the holding capabilities of tray transport equipment, 

eliminating other variab les. However , the value of testing 

and studying tray transport equipment in an a ctual food 

service system should not be underestimated. Foodservice 

systems do not comply with laboratory control; there is 

variability in initial food temperature , cooling rates of 

food, personnel, time-lapse, and menu items . Only by ob -
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serving and recording equipment performance under actual 

conditions of use can the most effective tray transport 

equipment be selected for any specific foodservice system. 

Therefore , i t seems advisable that tray transp ort equip 

ment be tested in the actual foodservice system prior to 

s election of equipment for patient service. 

Implications for Further Re search 

Results of this study indicat ed t hat the metal cover 

pellet has a slight advantage in temperature holding abi li

ties for the foodservic e system studied , as compared to 

plastic cover pellet or heated cart . This study further 

indicated that of the three t ypes of transport eq-uipment 

investigated, none of the systems held food temperature at 

an acceptable or opt imal serv ice conditio n . Other types 

of tray transport equipment s hould be studied to determine 

temperature and qualit y holding characteristics . 

Variability in cooling rate of food items has been 

observed . Both t h e pre- service holding temperature of 

food items and the cooling rate are critical factors. 

Further study is needed to determine optimal pre- service 

temperatures of food items in various types of equipment. 

Time- lapse from t ray assembly to patient s ervice has been 

noted as a major vari able in food quality and temperature 

changes. Therefore, the fo od cooling rate over time should 
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receive further study . Combinations of existing transport 

e quipment , i . e . , heated cart with pellet s y stem, a n d 

development of new transport equipme n t s h ould be explored . 

In the foodservice system studied, the temperatures 

were below acceptable standards . The effect of develop 

ment and implementation of an educational program f o r 

cooks with the objective of c orrecting this prob l em , may 

be valuable . 

The holding capabilities of tray tra nsport equi pment 

studied unde r opt i mal lab or a t o r y condi t i ons would provi de 

a method of comparing the many transport sy s tems available 

to a foodservice system . 
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QUALITY AND TEMPERATURE CHANGE SCORE SHEET 

Ci rcle type of equipment, meal, and 
category of food items: 

Heat ed Cart 
Plastic Cover Pellet 
Metal Cover Pellet 

Br e akfas t /Lunch 

Cold/Hot food items 

Date 

0 No change between pre- and post-transport testing. 

2 Slight degradation between pre- and post-transport 
testing. 

4 t,Yoderate degradation from pre- and post- transport testing . 

6 Severe degradation from pre- and post- transport testing. 

Pre-transport Post-transport Change 
Sc ore 

A12o ear a n ce of fo od 
a nd tra~ 

Color 

Attractiveness 

Neatness 

Texture 

Toughness 

Tenderness 

Creamyness 

Dryness 

Moistness 

Temperature 

Very hot 

Hot 

Warm 

Room temperature 

Cool 

Cold 
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AGENCY PERMISSION FOR CONDUCTING STUDY 

The Veterans Administration Medical Center, Houston 

grants t o Sharon Morris Allenson 
a student enrol led in the Department of Nutrition and Food Science at Texas 
Wom an's University, the privilege of its facilities in order to study the 
fo llow ing problem: 

Th e use of three types of tray tran sport equipment in a 
hospital foods~erv-ice sys-tem101-

The conditions mutually agreed upon are as follows: (to be completed by the 
Agen cy Representative) 

Date: 

1. The agency (may) (~) be identified in the final report. 

2 . The names of consultative or administrative perscnnel in the 
agency (may) (may ne-t) be identified in the final report. 

3. The agency (wants) (~arrtt a conference with the student 
when the report is completed. 

4. The agency is (willing) {--ttmdlling) to allow the completed report 
to be circulated through inter! ibrary Joan. 

5. Other 
--~-----------------------------------------------------

Signature of Agency Representative 

Signature of Research Committee Chair
man, TWU Faculty Member 

Number of forms required: one completed original and three duplicated copies 
(with signatures). 

Distribution: one copy each to student (original); Agency, Dean of Graduate 
School - tto accompany prospectus); Dept. of NGS, TWU-Houston Center. 


