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Description of Problem

Due to the need for demonstrating to school lunch

" professionals the superiority of menu planning through
linear programming techniques in order to provide meals
to the participants at lower cost while satisfying
nutritional reguirements with greater precision than has
bzen evidenced with manual procedures, a project was
completed at Tulane University to adapt, test, and
evaluate a computerized information and menu planning
system for use i1 school lunch food service operations,
Menu planning as a decision process affects the nutritional
and palatability qgualities as well as the cost of food
served in institutions, The well-known objectives
involved in the menu planning process are to formulate
menu items into a palatable, nutritionally adequate,
economical combination, that is, to satisfy a large set
of simultaneous reguirements for which the determination
of the optimum conditicn has long been identified as a -
linear programming problem. *

Scope of the Study

: From both nutritional and financial viewpoints,
it appeared worthwhile to explore the experimental
devclopment of a computer-assisted menu planning system
for the scheool lunch program to provide optimum menus
which would bhe more econcmical and possess greater
satisfaction of exact nutrient constraints than has hezen
feasgible with the usge of manual menu planning tools,

A data bank was created which contained nutricat,
cost, and menu item information in computerized formatz,
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These data were used to evaluate a 30~day cycle school
lunch menu planned by conventional methods and to test

a linear programming model used to plan menus with
computer assistance, Menus planned by the manual and
computerized procedures were compared with respect to
total raw food cost and fulfillwment of nutrient reguire-

ments,
Ok jectives Pursued

The overall objectives
(1) 'to build and test

of the study included:
a linear programming model

suitable for planning menus on computer for the school
lunch program which incorporated price, nufracnty and
menu item frequency constraints derived from conven-

tionally planned school lunch
feasible solution,

' (2) to use the linear
computer-plan a 30-day school
nutrient constraints bhased on
mended Dietary Al]owanues for

(1).

menus to formulate a

-programming mudel to

Junch menu containing
one-~third of the Recom-
the 10-12 year old child

(3) to evaluate the computer-planned menus in

terms of indicated raw food cost savings and satisfaction
of nutrient and menu item frequency constraints.

(4} to disseminate the research findings obtained
from the investigation to school lunch professionals so

that

(a) the superiority of linear programming

as 2 menu DLannlng tool could
(r) the demand

ba demonstrated.
for advanced educational

programe necessary for the understanding of a computer
a

s >ted menu planning syctem

counld e realized,

(c) the possibility of initiating a future
pilot study within a °chool lunch feeding program to
implement the computerized menu planning process could

be entertained,

Methods Used

Coding procedures to formulate data for the
IBM~CAMP system (2) were Ffollowed which involved the
collection of quantitative nutrient, food item, and recipe
information to create a school lunuh ‘data base.

A manually-planned 30-day cycle menu as used in

the New Orleans Publlic Schools

wvas obtained (3). Each

item LHdL appeared on this plan was coded to create a
menu item master £ile which stored all pertinent informe-
ation about a menu item including the ingredient list,
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]
ingredient purchase quantities, reguired weight and cost
oI each ingredient, recipe yield, portion size, cost per
serving, physical attributes, dominant characteristics,
and nutrient composition of a single serving of the re01pe
In addition, recipes recommended by the. U,S. Department
of Agriculture for preparation of school lunches (4) were
obtained and coded for inclugion in the menu 1Lem master

file,

Price and purchase information for each recipe
ingredient cbtained from the Food Service Department of
the New Orleans Public Schocls (3) were coded and stored
in a food item data file. Price data were updated prior
to the evaluation of conventional menus and held constant
for the computer assisted menu planning processes.

A computerized file of nutrient data bhased primanily
on information found in.U.8, Department of Agriculture, :
Handbook Humber 8, Table 1 (5) was obtained and revised'
to include values for magnesium (5) and for vitamins Bg
and Bjo derived from USDA Home Economics Research Report

A nutrient tally computer program (2) was
employed to calculate the raw food cost and nutrient
content of the 30 menus planned by manual methods.

A menu planninq model (7,8) was adapted for
use to computer-plan the scheol lunch menus utilizing
data generated from the aforementioned files. This
linear programming -mcdel with upper bounds can provide
for 55 constraints’/subdivided as attribute, structural,
nutrient, and special constraints, and for 400 menu’ items
clasgsified into nine categories. The program runs through
off-line batch processing and produces a seguence of
menus with desired variety while satisfying nutritional
specifications on the average at minimum cost., The
program is a chain. of linked subroutines containing:

(1) a matrix generator program

(2) a lincar programming code with implicit
upper hounds ‘

(3) optional subroutines for indifference and
feasibility ranges

(4) a listing subroutine,
' Three matrices were developed and employed to
test the application of the linear programming approach
to school lunch menu plannlng. These matrices represented
data sub-sets of thé menu item file information with the
addition of separation ratings (i.e. the number of days
that must elapse before the item may recur in a menu
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plan) and served to define the nutrient and structural
requirements for the menu planning program,

Conventional- and computer-planned menus were
compared with respect to total raw food cost and
fulfillment of stipulated nutrient constraints.

Results Obtained

Traditionally, schocl lunch menus have been
manually planned with respect to Federal reimbursement
standards to fulfill requirements known as the Type A
pattern. The Type A lunch provided minimally to
participants a two-ounce serving of lean meat, poultry,
fish or eguivalent of such, a three-fourths cup serving
of two or more vegetables or fruits, one sglice of whole
grain or enriched bread or suitable equivalent, one
teaspoon of butter or fortified margarine, and one-half
pint of whole, £luid nmilk. This pattern was designed as
a tool to assist school lunchroom managers in the
formulation of palatable, nutritious meals and provided
for the development of a monitoring system to determine
Federal and Stite reimbursement f£for the meal served.
For example, if it could be shown that the daily school
lunch menu met the Type A reguirements, subsidy was
automatic.

It wag anticipated but never stat=d as a regulation
that judiciocus use of the Type A pattern would result in
meru plans that would contain one-third of the Recommended
Dietary Allowances (1) for each respective age-group of
school children, Guidelines were. publizhed and
distributed to school lunch managers to encourage the
achievement of this secondary nutrient goal through
incorporation of selected nutrient-endowed foods in
the weekly wmenn plan, Similarly, it was hoped that
nutritional needs for different age~sex groups of children
would be fulfilled by the expansion and/or contraction
of pertion sizes of food offered.

Current teshnology permits the rapid computation.
of nutrients containad in & meal or menu providing that
accurate nutrient data are available. Consequently,
consideration has been given to the possibility cf
planning school lunch nenus according to a nutrient
standard rather than attempting to select foods to fill
out the former Type A pattern, Use of such a standard
would permit exact achievement of nutrient goals )
particularly if computer assisted menu planning teéc!fiigues
werc employed since the computer method allows the user
to stipulate definite nutrient constraints,

.




Data obtained fxrom the nutrient tally program
included the daily raw food cost and daily nutrient
comnposition of the 30-day conventional menu plan., The
nutrient data represented values for food energy {(celories),
protein, fat, saturated and unsaturated fatty acids,
magnesium, calcium, iron, vitamins A, Bg, Bjre, ¢, thiamine,
riboflavin, and niacin (Appendix, Table 1), The results
of the present investigation demonstrate the inetfective-
ness of the use of the manuval tool, the Type A pattern,
for planning schocl lunch menus to meet a nutrient standard.
The conventionally planned 30-day Orleans Parish school
lunch menu contained inadequate quantities of food
energy (calories), iron and thiamine and excessive
amounts of protein, calcium, vitamin A, riboflavin,
niacin equivalents, and vitamin C when the daily average
nutrient content ¢f the menus was compared to the
one~third value of the National Research Council
recommendations (1) for - 'the 10~12 year old child as
stipulated by USDA to comprise a nutrient standard for
school lunchkes (9),

& menu planning matrix was constructed which
specified as constraints the exact nutrients as were
found in the conventional school lunch Type A pattern
" meals served to participants in Orleans Parish, Also
the frequency of service of various menu items was :
paralleled to that observed in the New Orleans schools,
Only menu items which appeared in the 30-day conventional
cycle were included in the wmatrix, This matrix information
was utilized to computer-plan a J0-day menu, The linear
programming sélution using identical menu item data as
were found in the manual Type A plan satisfied all
nutrient constraints at a lesser raw food cost, The
average daily cost of the manual plan was 20, 4J cents
and of the computer menu plan, 17,70 cents (Appendlh,
Table 2),

A sccond computexr menu plan was obtained using
natrix data which specified one-~third of the Recommendad
Dictary Allowanees: (1) for the 10-12 year old child as
nutrient constraints with the aexception of protein; the
protcin requirement wag entorLd as one-half of the

espective allowances The nutrients stipulated for this
second matrix representcd increases in the quantities
of calories, iron, and thiamine and decreases in the
levels of prctein, calcium, vitamin A, and riboflavin
when the valuss were compared to data contained in the
first matrix, This second matrix also.included menu
items from the USDA recipe file (4) as well as the
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original Orleans Parlish items derived fran the conven-
ticontl menu plan. The average daily raw food cost of
this computer menu plan was 17.91 cents reflecting a
2.52 cent savings when compared Lo the conventional
plan (Appendix, Table 2), It is interesting to note
that even though the protein constraint was lower
the cost of this computer menu plan increased due to the
satisfaction ¢f the increased iron veguirement. The
astipulation for protein, and in fact all nutrients, was
expressed as a greater than or cgual to inequality.
This second c'omputm menu plan actually contained more
protein than cobtained when only the conventional data
and reguirements were used (Plans 1 and 2, Appendix,
Table 2). Jron wvas shown to be 2 binding nutrient
constraint when the menu plan solution was evaluated.

The data were manipulated in an effort to ohtain
a third menu plan soltuion which would possilbly show
additional raw food cost savings The structure of
the third matrix differed from Lhe second in the
following ways: ,

(1) the caloric, thiamine, and ribuflavin
nutrient constraints were decreased to represent recent
recommendations from USDA (9).

(2) the protein’ constraint was decreased to

reflect one-third of the Recommended Dietary Allowances

(1) for the 10-12 year cld child

(3) requirements for dominant items were
changed to increase wenu variety. For exanple, the
constraint for potato-containing ‘items was changed
from less than or equal to one to greater than or
egqual to five occurrences permitted to entar into
tha 30-day menu solution, _

(4) upper bounds for all nenu items were increased
by one, a procedure which relaxes restrictions imposed
on the data, '

(5) a dominant chardcteristic code was attached
to all bread-contributing entrees which khy nature of
its incompatability action would force more plain bread
items into the computer solution.

The menua plan obtained f£rom this third data
sub-set showed a daily raw food cost of 17.74 cents
which represented a 2,69 cent cost saving from the
original conventional plan (Appendix, Table 2).

Results obtained from the three linear programming
solnti ons indicate thot there is a potential for at
least thirteen percent savings in raw food cost wioh
.;Jmuh.unnous satisfaction of nurrient and palatability
congstyaints if the computer assisted technigque for
school lunch wenu planning would he implemented.

e




Disgemination of the findings of this investigation
was achieved through formal presentaticns at the following
, professional meetings: .

f (1) Third International Congress of Food Science
| and Technoleogy, Washington, D.C., August 4, 1970,
| : (2) ORSA Annual Meeting, New Orleans, Louisiana,
April, 1972.
() ILouisiana School Food Service Association,
Baton Rouye, Louisiana, June 14, 1972,

The need to provide advanced educational and
training programs to prepare school lunch professionals
Eoxr utllization of computer assisted menu planning
systems was emphasized as part of the following programs
which were not supported by this grant:

(1) USDA=-Training Course, Dade County Public
Schools, Miami, Florida, January 31 - February 11, 1972,

(2) USDA-Training Course, Memphis Qity Schools,
Memphis, Tennessee, April 17 - 28, 1972.

(3) Computer Applications in Food Service
Management and Dietetics, Tulane University, New Orleans,
Louisiana, June 9, 1972,

Future dissemination activities emanating from
this work include two presentations scheduled for the
East Baton Rouge School Lunch Board, Baton Rouge,
Louisiana, November 21, 1972,

Highlights of Findings

In 1967, the U,S, Departmeht of Agriculture
initiated a study to test the intérpretation of the
Type A pattern to evaluate whether the basic lunch as
served did provide adequate quantities of nutrients to
satisfy the one-third Recomuended Dhietary Allowance
values (1) for 10-12 year old children (10,11). The
survey encompassed 300 schools from 19 states selected
to represent the United States as a whole, Six-~thousand
lunches as served were analyzed for calorie and nutrient
content and the results were compared with both one-third
and one-fourth of the 1968 recommended allowances,

The lunches from the 300 schools on the average
met or exceeded the nutritional goal of one-~third of
the recommended allowance for all nutrients except iron
and magnesiun and tended to fall below the goal in
food energy (calories)., When the results were appraised
by districts - lunches from a number of schools failed
to provide sufficieni nutriment to meet the reguirciw ts

. for food energy and for certain vitaming and minerals
particularly vitamin &, vitamin Bg, iron and magnesium,

'l
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'orat.un.L.,af'.Lon techinnigue ceornicerned . with the most efficient

maximun quantitics of government distributed commodity

Sinca only ccaventional menu planning tools were
available, the U;S,. Dersartment of Agriculture could

only recermmend that foods considered rich sources of
vitamin & and ircn be served to school lunch paxticipants
morz fregquently than suwogested previously) additional
quantitics of vitamins A and D were provided by fo-tifying
comrecdity dry milik solids with these nutrients; also
school lunch managers were advised to serve recommended
portion sizes of items in an attenpt to alleviate the
caloric defiicit revealed L£xrom the analysis of the
lunches,

The results of the USDA study and of the current
investigation do indeed confirm the suspicion that meal
patterns and guidelincs cannot be used effectively to
achieve precise satisfaction of nutrient stipulations,
School lunch menu items carry a designation that
cat.egorize the individual recipe according to the
particular meal pattoern component provided, Foxr example,
a single portion of the USDA rec:LPe for Braised Lecf
rcferred to as a “'protein~rich food with vegetable" furnishes
the equivalent of -two ounces of cooked, edible meat, and
one--fourth cup of vegetable; nutrient calculations for
this serving of the Braised Beef are not included,

The precess of insertion of ijtems into meal patterns

to construct menus has at least two shortcomings inasmuch
as neither the complete nutritional analysis of the total
recipe or its respective ‘single portion nor the mathematical
gsolution of eguations is utilized. The methodology of
conventional menu planning possibly hinges upon the human
ingenuity of halancing sets of random variables by trial
nd error methods, Balancing meals for more than one
nutrient is a problem of solving simultaneous systens

of equations which may involve dozens of constraints

and hundreds of variables, so thai this strictly
nmathematical problem nan be solved accurately only by
computer.: The methodology applied to the computer~planned
merus, therefore, sets the absolute standard of the
computation subject to the accuracy of specifying any
given set of nutritional data ‘and constraints,

Since lineaxr rrogramming is a mathematical
allocation of limited resources to méet given ob jectives,

focd items appeared in the solution ¢f the computerized
menu plenning problem, With the provision of improved
sattisfacti on of exact nutxient constrsints at a relatively
l(_S.:CT cos .., it can be predicted that despite continually : .
rising food prices, more meals can be gserved, particularly ;

-8-




the reduced-~ or non-cost-neals that are needed to foster
the improvement of nutritional status among children

of poverty, without increasing the total budget of the
school. lunch operation,

Signif icance and Implications

The results obtaihed £rom the present study
show the potential for a thirteen percent savings in
schoo! lunch expenditures for raw focd if computer
assisted menu planning technigues were to be employed,
Estima tes obtained from the American School [Fooud Sexvice
Association reporting financial needs for the 1970
school vyear indicated that 807.8 million dollars
were requested and yet only 504 million dollars were
appropriated by the Congress of the United States
for the National School Iunch Prograrm (12), The program,

thus, had to operate at-a deficit, If computer assisted
menu planning systems had been implemented at this time,

the financial deficit could have been reduced. The
raw food cost of the conventional menu plan used in
Orleans Parish was 20.43 cents per day; the average
cost savings achieved with the computer menu plans

was 2. 65 cents per day., BExtending this savings to the
25 willion school children reached daily by the National
School ILunch Program would save the operation 662.5
thousand dollars per day or X.3 willion dollars for

a two~-day period. - The computer assisted approach

to school lunch menu planning goes bayond raw food
cost gawvings with improved nutritional control and
child satisfaction to provide an efficient tool for
the management of child feeding programs (13),.

Recommendations

Results cf the present study served as a basis
for development of additional programs. The following
recommendations emanating from this work are elicited
even though it is realized that some of these suggestions
are currently in effect:

(1) use of a nutrient standard along with
camputer assisted menu planning procedures to formulate
school. lunch menus '

(2) develop a national data bank which would
contain: the hasic information required for the computer
assisted menu wlanning program :

(3) ereate a clearing center where. new and
revised nutrient information can be evaluated to ,
maintain an accurate and reliable nutrient data file

T
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(4) implement the resported computerized system
in an operating school food ssrvice operation on a
trial basis to demonstrate the effectiveness in actual
practice :

(5) offer training programs to educate the
school lunch professionals concerning the use of this
computerized menu planning methodology,
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Appendix Table 1

Nutrient dContent. and Raw Food Cost of a 30-Day

Pianned School Lunch Menu Cycle’

Conventionrally

*-———,——__—_—*ﬁ—————-——w—-—

Nutrient Value
pexr day
Calories 786,
Protein (gm) 27.8
rat (gm) 38,6
. Saturated Fatty Acids (gm) 14,5
Unsaturated Fatty Acids 1 (gm) 12,4
Unsaturated Fatty Acids 2 (gm) 2.7
Magnesium (mg) 67.5
Calcium (mg) 472.5
Iron (mg) 3.8
Vitamin Bg (mg) 2.725
Vitamin RBjs (mcg) 1,274
Vitanin A (I.U,) 2385,
Thiamine (ug) 87
Riboflavin (mg) . 792
Hiacin {(mg equiv) 8.465
Vitamin C (mg) 20,0
Raw Food Cost (cents) 20.43

*Conventional menu plans were obtained from the New Orleans
Public Schools as served to participants Septeml‘ger&% -

October 16, 1970.
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