
Recipe Calculations for NFCS Data Base 

Betty P. P e r l o f f  
U. S. Department of Agriculture 

Human Nutrition Information Service 
Hyattsville, MD 20782 

The U . S .  Department of Agriculture (USDA) recent ly  developed aa automated 
system to  create nutrient d a t a  bases for appraising the nutrient content 
of food intakes by i n d i v i d u a l s  reported in dietary surveys. The Human 
Nutrition Inforsation S e r v i c e  used the system for  the f irs t  t i m e  in early 
1 9 8 5  t o  create the nutrient data base for appraising intakes from the 
Continuing Survey of Food Intakes by Individuals (CSFII)  and will use i t  
again to create the n u t r i e n t  data base for the 1987 Nationwide Food 
Consumption Survey (NFCS).  The system uses the  USDA Nutrient Data Base 
for Standard Reference (I) as the major pqurce f n r  nutrient  values, and it 
tncludes procedures for calculating the vutricnt content of recipes based 
on n u t r i e n t  data f o r  t he  ind iv idual  components. This paper describes the 
recipe calculation method and how it operates within the framework of the 
new computer 8y stem. 

THE COMPUTER SYSTEM 

A computer program, which forms the nucleus of the system, creates the 
survey nutrient data  base, calculatfng t he  nucrient content of recipes as 
needed. This program and the f o l l o w i n g  data sets make up the  new system 
(Figure 1). 

Primary Nutrient Data S e t  f o r  Food Consumption Surveys. The Primary 
Nutrient Data Set for Food Consumption Surveys (PDS) con ta in s  nutr ient  
values for a l l  food items needed t o  create a- skrvey n u t r i e n t  data base ,  
including all items used a s  ingredients i n  r e c i p e s .  The food components 
for which data are included are l i s t e d  in T a b l e  1. 

Most of the data came from the USDA Nutrient Data Base for  S t a n d a r d  
Reference. Some changes and additions t o  data  from the Standard Reference 
Data Base were made. Changes were made to reflect current data soon to be 
used in t h e  revision t o  Agriculture Handbook No. 8 (2) if the newer values 
d i f f e r e d  substantially from the older values. Food groups in which these 
changes were made inc lude  b e e f ,  beverages, sugars and sweets ,  bakery 
p r o d u c t s ,  and f i s h .  Nutrient values  were added as needed for  nutrients 
that are not in t h e  Standard Reference Data Base ( e , g . ,  d i e t a r y  f i b e r ) ,  
and complete nutrient profiles were added for miss ing  food items. If 
analytical da ta  were r.ot a v a i l a b l e ,  the added values were imputed from 
other forms of the focds ,  or estimates were derived from data f o r  similar 
f oocs .  

All items from the Standard Reference D a t a  Base carry the Standard 
Reference identification numbers, referred t o  as NDB numbers. Added food 
iter.s have been assigned special NDB nurcbers. The PDS currently contains 
data f o r  2 ,032  foods .  Data are expressed as the amcunt of nutrient in 100 
grams of t h e  ed ib le  p o r t i o n  of a food. 



Table  of N u t r i e n t  R e t e n t i o n  Factors .  T h i s  da ta  s e t  contains the f a c t o r s  
f o r  c a l c u l a t i n g  retention of 18 vitamins and minerals during cooking. I t  - 
is based on the "Table on Percent R e t e n t i o n  of ~uirients in Food 
Preparation" (3)  but conta ins  several additional s p e c i f i c  categories of 
foods and cooking methods. Because ana ly t i ca l  data on nutr ient  retention 
are n o t  available for a l l  nutrients in each s p e c i f i c  ca tegory ,  missing 
factors were estimated to complete the table. Each category is assigned a 
code f o r  computer access. 

Recipe F i l e .  This data s e t  c o n t r o l s  the generation of a survey n u t r i e n t  
data base using the PDS and the table of r e t e n t i o n  factors.  The items to 
be included i n  a survey d a t a  base are designated and survey food codes 
assigned before t h i s  f i l e  is constructed. In this f i l e ,  each survey food 
code is l i n k e d  t o  one or more PDS items through a set  of recipe codes. 
Links t o  single PDS items are treated as one-component recipes. The 
information required f o r  each recipe i s , l i s t e d  below: 

I 
L 

1. Recipe components. 
a .  Names, 
b .  NDB numbers. 
c .  Weights of the components in grams, excluding t h e  weight of 

any refuse. 
d .  Retention codes ,  where a p p l i c a b l e .  

2 .  Changes fn moisture and/or fat that  occur d u r i n g  cooking, 
expressed as a percentage ( p l u s  or minus) of the t o t a l  weight of 
t h e  uncooked r e c i p e .  

3. Percent y i e l d  o f  the rec ipe .  This  is the f i n d  weight of the 
cooked rec ipe ,  expressed as a percentage of the uncooked weight. 
The pe rcen t  y i e l d  is not  used in the recipe calculation but is 
used for the following e d i t  check: Y i e l d  = 100 5 moisture change 

fat  change. 

4 ,  The NDB numbcr for the type  o f  f a t  (only for recipes w i t h  a fa t  
change). 

The rec ipe  file contains approximately G,450 items: one i t e m  f u r  e v e r y  
food l i s t e d  in the survey code book for the  Cont inu ing  Survey of Food 
Intakes by I n d i v i d u a l s .  Approximately half are one-component 
recipes--direct links to s i n g l e  itens on the  PDS. If the food code manual 
is rev ised  for f u t u r e  surveys, the recipe f i l e  w i l l  be revised 
accordingly.  

U S D h  Nutrient Data Base f o r  I n d i v i d u a l  Lnrake Survey .  This d a t a  set  is - 
t h e  system's o u t p u t  and is the  nutrient data  base  c r ea t ed  f o r  analysis of 
f o o d  consunption survey data. A l l  n u t r i e n t  values  come from the 
PDS--ei t he r  direct1 y nr t h r o u g h  r e c i p e  calculations. The program 
t r a n s f e r s  survey food codes  t o  t h i s  f i l e  from t h e  recipe f i l e  as nurrient 
values are p l a c e d  here f o r  each i tem.  Nutrient values  are expressed on 
t h e  b a s i s  of  100 grams e d i b l e  p o r t i o n .  T h i s  data base may a l s o  be used  as 
an input file t o  the recipe c a l c u l a t i o n  program 3ecause values calculated 



from r ec ipes  may be u s e d  f o r  ingredients  in o t h e r  rec ipes .  For  example, 
in the data base created fo r  the CSFLI, values for cornbread were 
calculated from a recipe and subsequently used in calculating values f o r  
frozen dinners i n  which cornbread was an ing red ien t .  

RECIPE CALCULATION METHOD 

The recipe ca l cu la t ion  method used in the new system is a modification of 
t h e  procedure  d e s c r i b e d  in Bul l e t in  ARS 62-13, "Procedures for Calculating 
Nutritive Values of Home-Prepared Foods: As Used in Agriculture Handbook 
No. 8,  'Composition of foods---raw, processed ,  prepared,' Revised 1963" 
( 4 ) .  The method d e s c r i b e d  in t h a ~  bulletin cal ls  for applying vi tamin  
retent ion  factors  t o  t he  t o t a l  recipe nutritive values .  For the new 
system, t h e  method w a s  modified to include retention factors fo r  minerals 
and to apply retention factors  to vitamin and mineral  values  f o r  each 
recipe component. This change pernits uging d i f f e r e n t  retention factors 
f o r  dif ferent  components and was made b~cause n u t r i e n t  r e c e n t i o n  
information i s  more readi ly  ava i l ab l e  for  i n d i v i d u a l  foods than fn* m i x e d  
d i s h e s  . 
,The calculation procedure involves seven basic s t eps :  

1. Determining the weight i n  grams of each i n g r e d i e n t  and subtracting 
t h e  weight  of  any i n e d i b l e  part ,  such as bone. USDA publications 
are used as sources o f  data  on weight-volume re la i i ons l i ip s  (5,6,7) 
and r e f u s e  (5,6) of i n g r e d i e n t s .  This step is no t  a p a r t  of the 
automated procedure. 

2. Determining the n u t r i e n t s  in the s p e c i f i e d  weight of each 
i n g r e d i e n t .  Nutrient values for 100-gram portions of ingredients 
are s t o r e d  i n  t h e  Primary Nut r ien t  Data Set f o r  Food Consumption 
Surveys. 

3 .  Apply ing  r e t e n t i o n  factors  to vitamin and mineral values where 
l o s s e s  may occur d u r i n g  cooking.  R e t e n t i o n  factors are contained 
in t h e  Table of Retention F a c t o r s .  

4 .  Determining total uncooked weight nf the rec ipe  by s u m i n g  w e i g h t s  
of the i ng red i en t s .  

5. Determining n u t r i e n t s  i n  t h e  total r ec ipe  by summing nutrient  
values f o r  the ingredients. 

6. A d j u s t i n g  the t o t a l  values to account fo r  changes in moisture  and 
fat during cooking. Moisture may be l o s t  through evaporation o r  
d r i p p i n g s ,  or it nay be gained through abso rp t i on .  The t o t a l  
weight of the recipe and the to ta l  moisture va lue  are a d j u s t e d  at 
this s t e p .  (Vitamin a n d  mineral l o s s e s  are ca lcu lated  in s t e p  3 . )  
Fat may be lost t h rough  d r i p p i n g s  o r  ga ined  through absorption 
d u r i n g  frying. Fat  changes a f f e c t  t o t a l  we ight ,  energy,  t o t a l  
fat, and f a t t y  acids and sometimes also  a f f e c t  c h o l e s t e r o l ,  
minerals, and f a t - s o l u b l e  vitamins. These v a l u e s  are adjusted at 
this s t e p ,  Information on t he  amount of moisture and fat changes  
d u r i n g  cooking are  t a k e n  f r o m  USDA publications ( 4 , 8 )  or are 



derived from unpublished materlals used  i n  the development of 
Agriculture Handbook 8 revisions ( 2 , 6 ] .  

7. Converting n u t r i e g t  values f o r  t h e  total recipe t o  the 100-gram 
b a s i s .  Steps 2 through 7 are performed by t h e  computer program. 

To i l l u s t r a t e  the  procedures and how they involve the system data s e t s ,  
here are the c a l c u l a t i o n s  f o r  a sample recipe--flounder fillet, breaded, 
f rfed. 

Recipe information entered into the Recipe F i l e :  

Retention Weight of 
Recipe Components 
1. Floundet, raw 

NDB No. Code E d i b l e  Part 
80 130 2310 9 0 7 . 2  g 

2 .  Egg, raw 01123. 0103 50.0 
3. Milk  0 l 0 h  15.2 g 
4 .  Bread crumbs, dry 74750 0305 100.0 g 
5 .  S a l t  89630 5.5 g 

Moisture change = -20% 
Fat change = +8% 
Yield = 88% 
Fat NDB No. = 04031 (vegetable shortening absorbed during f ry ing)  

The r e c i p e  program locates each NDB number on the Pr imary Nutrient Data 
S e t ,  calculates the nutrients f o r  t h e  spec i f i ed  w e i g h t ,  and a p p l i e s  t h e  
appropriate set of retention factors t o  the  resulting nutrient values  if a 
retenrion code has been designatcd. Calculations for t t i iamin are 
presented below as an example. 

Thiamin in 
H1) B 100 grams 

Number ( f r o m P D S )  

mg 
1. 80180 0.050 X 
2. 01123 0.087 X 
3. 01077 0.038 X 
4 .  7 4 7 5 0  0.350 X 
5 .  89630 0.000 x 

Thiamin 
in recipe Retention Thiamin 

Weight p o r t i o n  factor (corrected) 
g m I3 g 

307.2 / 100 = 0.454 X -8.5 = 0,386 
50.0 / 100 = 0.044 X .85 = 0.037 
15.2 1 100 = 0.006 = 0.006 
100.0/100 =0.350 X . 75  = 0 . 2 6 2  

5.5 1 100 = 0.000 = 0.000 

The  remaining steps  in the r ec ipe  c a l c u l a t i o n  procedure  are illustrated in 
T a b l e  2 for  cncrgy and five nutrients. The w e i g h t  and nutrient values for 
t h e  individual i n g r e d i e n t s  a re  summed, and moisture and E a t  changes are 
ca lculated  by multiplying t h e  t o t a l  weight by the input data f o r  "Moisture 
change" and "Fat change." The n u t r f e n t  d a t a  f a r  the type of f a t  absorbcd  
d u r i n g  f r y i n g  is accessed in the PDS by the NDB number entered f o r  "Fat  
NDB No.,''  and t h e  i n d i v i d u a l  nutrients in the f a t  a re  calculated for the 
amount of f a r  absorbed. These values are a p p l i e d  to the subtotals to 
d e t e r m i n e  tilt: w e i g h t  artd nutrient c o n t e n t  of the cooked recipe, and a l l  
n u t r i e n t  va lues  are converted to the 100 gram basis f o r  storage in the  
survey nutrient da ta  base .  



Recipe Report .  In addition to the survey data base created by the 
program, a recipe r e p o r t  is generated f o r  each rec ipe .  The sample r e c i p e  
report f o r  the  founder fillet is presented in Figure 2 .  The first p a r t  of 
the report  contains the i n p u t  information. Names of the i n d i v i d u a l  
components taken from the PDS are printed n e x t  to t h e  name from the input 
record and can be reviewed to check t h e  NDB numbers. This feature was 
adapted from a program used in the USDA Lipid Nutrition Laboratory in 
Beltsvi l le ,  MD. 

AVAILABILITY AND BENEFITS 

The nutrient data base created for the CSFII w i l l  be ava i lab l e  to the 
p u b l i c  sometime during 1986. The other data sets  used by t h i s  new 
automated system w i l l  a lso be made available for  public use. 

A major b e n e f i t  of t h i s  system t o  USDA 4s the a b i l i t y  to automatically 
create and update  nutrient data bases for food consumption surveys. An 
Lmportant part of t h e  automated process 'is calculation of the n u t r i e n t  
content of recipes.  An equally impor tan t  b e n e f i t  to USDA and the users of 
USDA1s food  consumption survey data is the machine-readable documentation 
of the  r e c i p e s  used in those calculations. 
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Table  1. Food Components in the PDS 

Nurrient Units - 
Energy 
Moisture 
Protein 
Fat  
Total saturated f a t t y  a c i d s  
Total  monunsaturated fatty ac ids  
Total  polyunsaturated fatty acids 
Carbohydrate 
Calcium 
l r o n  
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc 
Copper 
Vitamin C 
Thiamin 
Riboflavin 
Niacin 
Vitamin B6 
Fo lac in  
Vitamin B12 
Vitamln A 
Vitamin A 
Carotene 
Vitamin E 
Cholesterol 
A l c o h o l  
Total d i e t a r y  f ibcr 

Kilocalories 
Grams 
Grams 
Grams 
Grams 
Grams 
G r a m s  
G r a m s  
Milligrams 
Millfgrams 
Milligrams 

,= Milligrams 
; Milligrams 

Mill igrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Micrograms 
Micrograms 
International Units 
Retinal Equivalents 
R e t i n u l  Equivalents 
Alpha-tocopherol Equivalents 
Milligrams 
G r a m s  
Grams 



Table 2 .  Se lected  Food Components in Flounder Fillet, Breaded, Fried 

Weight Energy Moisture T o t a l  Sa tu ra t ed  Mono Poly 
Fat Fatty Acids unsaturated unsaturated 

Fatty Acids Fatty Acids 
g Kca 1 g g g g g 

- 
Subtotals  1,077.9 1,197 794.7 17.9 4.8 

Moisture change -215.6 -215.6 I 
Fat Change + 8 6 . 2  *762 +86.2 + 2 1 . 6  +38 .4  +22.5 I 
Yield 9 4 8 . 6  1,959 579.1 104.1 2 6 . 4  44.1 27.4  I 
p e r  100 Grams 100.0 207 61.0 11.0 2.8 4 . 6  2 .9  



Figure 1. Sysrem Components 
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Figure  2--Con. 
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