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USE OF D-XYLOSE TO DETECT INGESTION OF A POWDERED 
MILK FOOD SUPPLEMENT BY FAMILY MEMBERS 
OTHER THAN THE CHILDREN O-2 YEARS OF AGE FOR 
WHOM IT WAS INTENDED1 

Maria das Graqas C. Ferriani,2 Vera Heloisa Pileggi Vinha,3 and 
Jo& Eduardo Dutra de Oliveira4 

To test the hypothesis that food supplements intended for young 
children were being consumed by other family members, a study 
was conducted in an impoverished neighborhood of RibeirEo 
P&o. Brazil. using the pentose sugar d-xylose as a tracer. This 
article reports the results of that study. 

Introduction 

Malnutrition is a leading cause of death 
among children, especially infants and pre- 
school children, in Brazil and other parts of 
the Americas (1). The problem is made worse 
by the fact that many families fail to accord 
their infants and young children special nutri- 
tional status despite their special needs, and 
also by the fact that food programs find these 
age groups hard to reach. 

The prevailing programs seeking to deal 
with malnutrition in Brazil at present are food 
supplementation programs in which health 
units responsible for disease prevention and 
control within communities are charged with 
distributing powdered milk for home con- 
sumption. Experience with these programs to 
date suggests they have not satisfactorily re- 
duced morbidity and mortality, and that the 
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children enrolled have not been achieving the 
desired levels of growth and development. 
Partly because of the program families’ low 
average socioeconomic and educational lev- 
els, it has been suspected that part or most of 
the food supplement sent home was not 
reaching the child registered with the pro- 
gram, and was being consumed by other fam- 
ily members. 

It is difficult to confirm this by interviewing 
mothers, because experience has shown that 
mothers tend to claim that only the subject 
child is receiving the supplement, whether or 
not this is actually the case. Therefore, it was 
deemed appropriate to add d-xylose to the 
supplement and conduct appropriate urine 
tests in order to help clarify this matter. 

D-xylose is a pentose sugar that is harm- 
less, is not normally present in food, and does 
not alter the taste of food. Commonly used in 
clinics to test for absorption of carbohydrates, 
it is passively absorbed by the intestines; and 
while a small amount is metabolized, the bulk 
of it is excreted in the urine within five hours 
of ingestion (2). In general, the quantity ex- 
creted in the urine is directly proportional to 
the amount ingested and absorbed (31. 

The routine testing procedure employing 
d-xylose calls for administering 25g of the 
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Residents (below) and typical homes (above) in Vila Elisa, the RibeirGo P&o neighborhood 
where the field testing was carried out. 
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substance, dissolved in 250ml of water, to the 
patient in the morning prior to any intake of 
food. Any urine excreted within five hours af- 
ter ingestion is then collected, and the quan- 
tity of d-xylose excreted over that period of 
time is determined (2). 

Initial Laboratory Tests 

In order to adapt this method to our pur- 
poses (determining who was consuming the 
food supplement), preliminary laboratory 
tests were conducted. These had the following 
aims: 

1) to determine whether the laboratory 
equipment was sufficiently sensitive and the 
laboratory technician sufficiently trained to 
carry out the required procedures; 

2) to confirm that d-xylose added to the 
food supplement employed would be excreted 
in the urine of subjects who consumed it; 

3) to determine how much d-xylose should 
be added to the food supplement for purposes 
of subsequent detection; 

4) to determine how soon after ingestion 
d-xylose administered in powdered milk 
starts being excreted and how long this excre- 
tion continues; and 

5) to compare two laboratory tests for de- 
tecting d-xylose-the Benedict test and the 
Roe and Rice test-in terms of sensitivity and 
specificity. (The Benedict test, which is rela- 
tively cheap and requires no specialized tech- 
nician, can give a positive response to certain 
drugs, chemicals, and disease conditions, and 
to all sugars found in urine except saccha- 
rose-2,4,5; while the more expensive and de- 
manding Roe and Rice test is specific for 
d-xylose-6. ) 

Materials and Methods 

The study subjects employed for these ini- 
tial tests were 11 people (three children and 
eight adults) registered at the University Hos- 

pita1 of the Ribeirao P&o School of Medi- 
cine. None of the subjects was known to have 
any pathologic condition capable of interfer- 
ing with the results of these tests. 

Technical training. The first preliminary 
laboratory test was done to determine whether 
our laboratory technician was adequately 
trained to perform the Roe and Rice test. 
For this purpose Sg, log, and 15g lots of 
d-xylose were added to each of three cans con- 
taining 4.548 of powdered milk. Fifteen-gram 
portions of the d-xylose and milk mixtures 
were then diluted to a volume of lOOm1, and 
160ml of this fluid was given to each one of 
five adults selected for the test whose identi- 
ties were unknown to the technician. In this 
way three adults received d-xylose from the 5g 
can, one received d-xylose from the log can, 
and one received d-xylose from the 15g can. 
The amounts of d-xylose ingested were, re- 
spectively, 0.26g, 0.52g, and 0.77g. 

Urine was then collected from each of the 
study subjects for the five-hour period follow- 
ing ingestion of d-xylose; the total volume col- 
lected from each individual was divided into 
three portions; each portion was assigned the 
name of a fictitious person; and the resulting 
collection of 15 urine specimens was submit- 
ted to the laboratory for analysis by the Roe 
and Rice method. 

The results of this triple-blind test are 
shown in Table 1. As indicated, the smallest 
amount of d-xylose detected in any of the 15 
specimens was O.Olg and the largest amount 
was 0.15g. However, when the three speci- 
mens from each of the five test subjects were 
averaged together, the lowest average figure 
was 0.33g and the highest was 0.63g. These 
results were considered satisfactory, and the 
technician was therefore deemed adequately 
prepared to perform the Roe and Rice test. 

Test sensitivity. The next preliminary tests 
were designed to determine how much 
d-xylose would need to be added to the pow- 
dered milk food supplement in order to be 
detected in urine specimens by both the Bene- 
dict and Roe and Rice methods. For this pur- 
pose, three adults ingested milk containing 



Table 1. Quantities of d-xylose ingested by five adult test subjects and quautities detected in the resulting 15 wine specimens 
submitted for analysis by the Roe and Rice method. Data for the five sets of three equivaIent specimens have been 

grouped together; the average value, variance, and one standard deviation for each set are as shown. 

Quantity of Designators assigned to: d-xylose 
Quantity of d-xylose per detected by 
d-xylose per 160mI portion the five the 15 urine the Roe and Average One 
454g can of of milk test samples Rice test amount standard 

powdered milk ingested subjects tested (in grams) detected deviation Variance 

i 

al 0.02g 
% 0.26g A a2 0.04g 0.033g 0.012g 0.00013 

a3 0.04g 

I 

bl O.Olg 
% 0.26g B b2 O.lSg 0.06Og 0.078g 0.00610 

b3 0.02g 

I 

cl 0.06g 
% 0.26g c c2 0.02g 0.037g 0.021g 0.00043 

c3 0.03g 

f 

dl 0.06g 
log o.s2g D d2 0.06g 0.053g 0.012g 0.00013 

d3 0.04g 

I 

el 0.08g 
1% 0.77g E e2 0.07g 0.063g 0.021g 0.00043 

e3 0.04g 

Total S subjects 15 specimens 0.049g 0.03sg 0.00119 
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different amounts of d-xylose and provided 
urine specimens for analysis by both methods. 

Table 2 shows the amount of d-xylose 
added to each of three cans of powdered milk, 
the estimated amount ingested by each test 
subject (based on the assumption that each 
subject ingested 30g of a homogeneous 
d-xylose/powdered milk mixture), the results 
obtained with initial (control) urine speci- 
mens by the Benedict method, and the results 
obtained with subsequent urine specimens by 
both methods. As indicated, both methods 
yielded positive results in all three cases. 

Period of d-xylose excretion. The last pre- 
liminary tests were done to determine how 
long d-xylose added to powdered milk would 
continue to be excreted in the urine of a child 
consuming the mixture, and how well the two 
test methods could detect the d-xylose in 
urine specimens collected after different pe- 
riods of time had elapsed. 

The subjects selected for these tests were 
three children seven to 10 years old. A urine 
specimen (the first morning urine) was col- 
lected from each child while the child had 
an empty stomach. Differing amounts of 
d-xylose (O.lg, 0.2g, and 0.3g) were then 
added to 200ml volumes of whole milk and 
given to the first, second, and third children, 
respectively. Urine subsequently excreted by 
each child was collected in two more lots-the 
first consisting of urine excreted from zero to 
three hours after ingestion of the d-xylose and 

the second consisting of urine excreted from 
three to five hours after ingestion of the 
d-xylose. All three urine samples from each 
child were then tested by the Benedict method 
and the latter two (post-ingestion) samples 
were tested by the Roe and Rice method. 

As Table 3 shows, the Benedict method 
yielded negative results with all the first (fast- 
ing) specimens and positive results with all 
the post-ingestion specimens. Since the last 
specimen from the third child (who had in- 
gested the largest amount of d-xylose) yielded 
a result (+) that was less positive than the last 
specimens from the other two children (+ + ), 
this last specimen from the third child was re- 
tested; it again yielded a mildly positive (+) 
result. (The technical basis for assigning these 
degrees of positivity has been described 
elsewhere-7.) 

Regarding the Roe and Rice results, all of 
the six post-ingestion specimens tested posi- 
tively. The specific quantities of d-xylose de- 
tected in the combined post-ingestion speci- 
mens from each child ranged from 50% to 
150% of the amount actually ingested. 

Conclusions. It was concluded from these 
preliminary tests that roughly 1% d-xylose in 
powdered milk (Sg in a 4548 can) could be re- 
liably detected in the urine of people consum- 
ing the mixture. The results obtained with the 
Roe and Rice tests demonstrated that this 
d-xylose specific method was quite sensitive; 
however, the quantitative results did not indi- 

Table 2. Test results indicating the ability of the Benedict aud Roe and Rice tests to detect 5g, log, 
and 15g quantities of d-xylose added to 4548 cans of powdered milk in the urine of adult subjects 

ingesting roughly 30g of the d-xylose/powdered milk mixture. 

Test result.9 

Test 
subject 

Quantity of Estimated 
d-xylose added amount of 
to each can of d-xylose 
powdered milk ingested 

Benedict method 

Control Test 
specimens specimens 

Grams d-xylose 
detected by the 

Roe and Rice method 

1 sg 0.33g - + 0.006g 
2 1% 0.6Sg - ++ 0.01 lg 
3 15% 0.96g - +++ 0.03og 

a - = negative; f = weakly positive; + + = moderately positive; + + + = strongly positive. For a more precise 
technical definition of these values, see Coelho 17). 
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Table 3. Results of tests on urine specimens from children ingesting O.lg, 0.2g, and 0.3g of d-xylose 
O-3 hours and 3-5 hours after ingestion. 

Results of Roe and Rice test: 

Child d-xylose 
No. ingested 

Results” of Benedict test with: d-xylose detected in d-xylose detected in 
O-3 hour specimens 3-5 hour specimens 

First morning 
(control) O-3 hour 3-5 hour % of amount % of amount 

urine specimens specimens grams ingested grams ingested 

1 O.lg - + ++ 0.065g 65% 0.085g 85% 
2 0.2g - + ++ 0.0649 32% 0.081g 40.5% 
3 0.3g - + + 0.03g 10% 0.144g 48% 

@ - = negative; + = weakly positive; + -I- = moderately positive; + i- i- = strongly positive. For a more precise 
technical definition of these values, see Coelho 17). 

cate that the method could reliably assess the 
precise amount of d-xylose ingested. 

In general, the Benedict tests yielded satis- 
factory results in these trials. It was felt, how- 
ever, that variables such as consumers’ inges- 
tion of other sugars could interfere with the 
results obtained by this method; and since the 
available technician was capable of perform- 
ing the more specific Roe and Rice test, the 
latter was chosen for the remainder of the 
work reported here. 

Field Testing 

The subjects chosen for this phase of the 
study were 31 children under two years of age 
in a preselected study area who were not being 
breast-fed at the time and whose families 
agreed to have them receive food supple- 
ments. One hundred and fourteen other 
members of the 23 families to which these 
children belonged were also included in the 
study. 

All of the study families resided in a poor 
neighborhood of Ribeirao P&to known as 
Vila Elisa, and all were in the area served by 
the city’s Health Center I. All of the homes 
could be characterized as shanties, and none 
had any potable water supply or facilities for 
disposing of human waste or garbage, both of 
which were deposited in empty lots. Hygienic 
conditions in the dwellings were poor, and nu- 
merous flies and other insects were present. 

This shantytown area selected for the study 
was far away from the local health center and 
philanthropic centers making regular distri- 
butions of food supplements. These circum- 
stances made it unlikely that residents would 
be well-acquainted with regular food and nu- 
trition programs, and hence the use of opened 
powdered milk cans and other departures 
from regular practices would be less likely to 
arouse suspicion. 

In general, income within the study area 
was low and employment was sporadic. Spe- 
cifically, the average income of family mem- 
bers in 18 out of the 23 study families was 
below Cr $553 (US $34.45), half the monthly 
minimum wage prevailing during the 1977- 
1978 period when the study was conducted. 
The vast majority of the employed study fam- 
ily members were engaged in migrant rural la- 
bor or in working quarries, loading trucks, or 
similar occupations. Overall, the usual situa- 
tion was one of underemployment that failed 
to provide a fixed monthly income. In cases 
(about 22%) where a study family mother 
worked outside the home, the mother invari- 
ably took her child or children under two 
years of age with her. Otherwise, her children 
generally stayed at home. 

Regarding education, 33 of the 46 parents 
in the selected families were found to be illit- 
erate or semiliterate, only three of the 46 had 
completed primary school, and only 10 had 
an incomplete primary education. Similarly, 
only 5.45% of the originally selected study 
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subjects 10 years of age or older had com- 
pleted primary school. 

Although the study area population re- 
ceived health services from Health Center I, 
especially from the maternal and child health 
unit, the center was so distant that there was 
little demand for its community health 
services-including those normally supplying 
food supplements. In the case of immediate 
health needs, area residents generally sought 
assistance at a local children’s first-aid center 
or the University Hospital of the Ribeirao 
Pr&to School of Medicine (University of Sao 
Paulo) . 

The Food Supplement 

The study employed two modified semi- 
skimmed powdered milk products by Nestle 
that were sold under the name “Nestogeno,” 
one being recommended for the first six 
months of life and the other for the second; 
these products came fortified with maltose- 
dextrin, saccharose, and organic iron. At first 
each child received a weekly supply of the 
product that was sufficient to last the week, 
and as time passed the allotment was in- 
creased to cover a two-week period. The num- 
ber of 4548 cans to be distributed was deter- 
mined on the basis of each child’s age and 
specific needs. Because no philanthropic or 
health facilities that could serve as distribu- 
tion centers were located nearby, it was de- 
cided that a mobile unit would make the 
distributions. 

Five grams of d-xylose (Merck) were added 
to one of the cans set aside for each child, the 
particular can being selected by random sam- 
pling. Only the person responsible for the sur- 
vey (M.G.C.F.) knew which can contained 
the additive, and none of the survey subjects 
were informed of this procedure. Since it was 
necessary to open the selected can to add 
the d-xylose, all of the milk cans were distrib- 
uted without their aluminum seals so as to 
avoid focusing attention on the can with the 
d-xylose. 

Home Visits 

Interviews were performed in connection 
with the study by a second-year graduate stu- 
dent at the Ribeirao P&o School of Nursing. 
This student had received 10 hours of training 
on how to complete the survey form, interview 
family members, demonstrate preparation of 
the nursing bottle, collect urine specimens, 
send the collected specimens to the labora- 
tory, and schedule work with the participat- 
ing families. 

Once the study area had been established, 
a survey was made to determine the number 
of children 0 to 2 years of age per household 
and to provide a basis for estimating the 
amount of powdered milk required. An initial 
visit was then made to each individual respon- 
sible for a child of this age (or to groups of 
such individuals if they formed spontane- 
ously) in order to describe the nature, rules, 
and procedures of the food supplementation 
program. 

A second home visit was made to complete 
basic survey forms. These forms, which pro- 
vided socioeconomic and other relevant infor- 
mation about the study population, were ad- 
ministered in conformity with the standards 
established by the Brazilian Institute of Geog- 
raphy and Statistics for the VIII General 
Census (8). 

Subsequently, a third visit was made to ob- 
tain the names of children who would partici- 
pate in the program, and to instruct the fam- 
ily members responsible about routines to 
follow, the procedure for preparing the nurs- 
ing bottle, and the number of powdered milk 
rations to be distributed for each child. The 
importance of feeding only the child (or chil- 
dren) enrolled in the program was empha- 
sized, and the tie between proper nutrition 
and the child’s growth and development was 
discussed. 

After this enrollment in the program, 
weekly home visits were made to the partici- 
pating famiies. During these visits routine 
powdered milk distributions were made, the 
progress of the program was monitored, and 
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education was provided to heads of house- 
holds and all family members over 10 years 
old regarding the importance of providing the 
sort of adequate diet affordable by low- 
income families, particularly for children 
less than two years old. Other important nu- 
trition-related aspects of infant growth and 
development were also covered-in a way de- 
signed to interest program participants. 

Collection of Urine Specimens and 
Termination of the Program 

Plans were made to obtain urine specimens 
from all family members approximately 24 or 
48 hours after delivery of the powdered milk 
can containing d-xylose. It was explained that 
the specimens were to be taken in order to 
screen family members for possible urinary 
tract pathologies, and all household heads 
were encouraged to provide specimens them- 
selves and to obtain specimens from all family 
members. 

All those obtaining specimens were in- 
structed to collect one immediately after 
breakfast and to collect all urine excreted 
during the subsequent five hours on the first 
or second day after delivery of the milk/ 
d-xylose mixture. Instruction on the routine 
procedure for properly taking urine speci- 
mens was provided for all family members on 
the evening before the collections were to be 
made. Specimen bottles were then left in each 
home providing specimens. These bottles 
were prelabeled with the family members’ 
names; and if no family member could read, 
they were labeled with geometric designs or 
figures. 

Children and family members from whom 
no specimens were obtained were excluded 
from the study. In all, three children less than 
two years old, 14 siblings between the ages of 
two and 20, two mothers, and 17 fathers were 
excluded for this reason. The remaining study 
population thus consisted of 28 children un- 
der age two and 80 other family members. Ail 
of the urine specimens obtained were sent to 

the clinical analysis laboratory at the Univer- 
sity Hospital of the Ribeirgo P&to School of 
Medicine for analysis by the Roe and Rice 
method. 

Once all the specimens had been collected, 
distribution of the powdered milk supple- 
ments was continued for two weeks, after 
which arrangements were made for the study 
children to continue receiving milk from the 
local health center. 

Data obtained from the study included all 
recorded observations concerning milk sup- 
plements received by the study children, an 
account of the instructions given, any other 
general observations written down, and the 
results of the laboratory analysis. The prelim- 
inary and community phases of the program 
lasted a total of one year (from the second half 
of 1977 through the first half of 1978), the 
community phase commencing at the begin- 
ning of 1978. 

Results 

Survey Data 

Table 4 shows the distribution of the 28 
study childreti O-2 years of age. It should be 
noted that most (20) of these children were 
one year old. The distribution of the entire 
108-member study group is shown in Table 5. 
Because all the 23 families selected had at 
least one child O-2 years old, it is not surpris- 
ing that the age groups with the most mem- 
bers were O-2 years and over 20 years of age. 
The data also show that while the overall 
study group appeared fairly evenly distrib- 
uted by sex, most of those over 20 years old 
(parents or others responsible for small chil- 
dren) included in the study were women, be- 
cause many fathers failed to provide urine 
specimens. 

In addition, the survey data showed that 
most (over 71%) of the parents included in 
the study were illiterate or semiliterate, and 
that few (less than 7%) had completed pri- 
mary school. Most (18) of the 23 families had 
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Table 4. Study children O-2 years of age providing brine specimens, by sex and 
six-month age group. 

Age in 
months 

Males Females Total 

% of % of % of 
No. total No. total No. total 

O-5 1 3.6 2 7.1 3 10.7 
6-11 4 14.3 1 3.6 5 17.9 

12-17 2 7.1 2 7.1 4 14.3 
18-23 8 28.6 8 28.6 16 57.1 

Total 15 53.6 13 46.4 28 100.0 

Table 5. All subjects providing urine specimens, by sex and age group. 

Age in 
years 

o-1 
2-3 
4-5 
6-7 
8-9 

10-11 
12-13 
14-15 
16-19 
220 

Total 

Males Females Total 

% of % of % of 
No. total No. total No. total 

15 13.9 13 12.0 28 25.9 
2 1.9 3 2.8 5 4.6 
4 3.7 5 4.6 9 8.3 

10 9.3 5 4.6 1.5 13.9 
2 1.9 7 6.5 9 8.3 
7 6.5 1 0.9 8 7.4 
3 2.8 1 0.9 4 3.7 
0 0 1 0.9 1 0.9 
1 0.9 1 0.9 2 1.9 
6 5.6 21 19.4 27 25.0 

50 46.3 58 53.7 108 100.0 

“per capita” monthly incomes5 at or below 
CR$553 (US$34.45), half the minimum wage 
at the time. 

Urinalysis 

Table 6 shows the subjects whose urine was 
found to contain d-xylose. Ih all, 102 of the 
108 study subjects (94%) were found to be ex- 
creting d-xylose, and the percentage of posi- 
tive subjects was lowest (89%) in the O-2 year 
age group. 

Table 7 shows the quantities of d-xylose de- 
tected in the urine specimens analyzed, by 
family. These amounts ranged from 3 milli- 
grams (in the specimens from family 20) to 

5 The sum of the monthly earnings of all family mem- 
bers divided by the number of family members. 

116 milligrams (in the specimens from family 
1). Overall, analysis of the amounts found in 
individual specimens suggests that the largest 
amounts of d-xylose were being excreted by 
mothers and older siblings, rather than by the 
young children enrolled in the food supple- 
mentation program. 

Discussion and Conclusions 

These results show that under the prevail- 
ing conditions d-xylose served as an effective 
tracer for detecting unintended uses of food 
supplements. Regarding the amount of 
d-xylose detected, the average per family was 
44 milligrams. The lowness of this figure 
could be accounted for by incorrect urine 
collection-specifically, by failure to collect 
all the urine excreted during the indicated 
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Table 6. Results of Roe and Rice testing for d-xylose in the urine specimens of 
all study subjects providing urine specimens, by age group. 

Response to Roe and Rice test: 

Positive Negative No. of 
Age group subjects 

in years No. % No. % tested 

o-1 25 89.3 3 10.7 28 
2-6 18 90 2 10 20 
7-11 26 100 0 0 26 

12-16 . 6 100 0 0 6 
17-21 1 100 0 0 1 
2 22” 27 96.4 1 3.6 28 

Total 102 94.4 6 5.6 108 

B This age group includes the parents or those responsible for the study children. 

five-hour period. Because of this, no sure cor- 
relation can be made between the quantities 
of d-xylbse detected and the quantities of the 
powdered milk/d-xylose mixture consumed. 
Nevertheless, it was possible to determine who 
had consumed the mixture and who had 

Table 7. Quantities (in grams) of d-xylose 
detected by Roe and Rice testing of all the 

urine specimens collected, by family. 

Family No. 
assigned 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Total 

Grams of d-xylose 
detected by 

Roe and Rice test 

0.116 
0.009 
0.018 
0.051 
0.039 
0.085 
0.093 
0.015 
0.071 
0.005 
0.085 
0.023 
0.043 
0.019 
0.042 
0.041 
0.091 
0.037 
0.027 
0.003 
0.037 
0.048 
0.031 

1.029 

not. Indeed, the final 1% concentration of 
d-xylose (5g in 454g milk powder) was more 
than sufficient for that purpose. Also, only 
one urine specimen would have provided an 
adequate basis for reliable nonquantitative 
detection of the product, since only one milli- 
liter of urine is needed to detect d-xylose by 
the Roe and Rice method. 

The study population proved adequately 
distributed and representative for the pur- 
poses of the work reported here. The fact that 
the study subjects were irregularly distributed 
among the various age groups derives from 
the fact that only families with children under 
two years old in a relatively isolated Ribeirgo 
P&to neighborhood were selected for the 
study. (Understandably, the “under two 
years” age group accounted for over a quarter 
of the entire study population.) 

The study also served to illustrate how hard 
it is to change people’s concepts, values, and 
behavior patterns in a short period-espe- 
cially in places where levels of health, educa- 
tion, and socioeconomic status are very low. 

More specifically, it seems clear that the os- 
tensible goal of selectively providing children 
under two years old with food supplements 
was not achieved. Instead, as Table 6 shows, 
the supplements were consumed by virtually 
all (94.4%) of the family members providing 
urine specimens, with those least likely to re- 
ceive the supplements being children under 
two years and two to six years old-the groups 
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depending on their mothers for their feeding. 
Overall, the Roe and Rice tests indicated that 
d-xylose was present in the urine of all but 
three study children under two years old, two 
five-year-olds, and one mother. 

Consumption of the supplements by 
school-age family members and adolescents is 
easy to understand, since they are the ones 
who typically cared for the younger children 
when their parents were away. In the case of 
the adults, however, consumption of the sup- 
plements points to a lack of awareness con- 
cerning the nutritional needs of the younger 
children-an ignorance no doubt commonly 
coupled with poverty-associated hunger. 

Since this consumption by other family 
members occurs-and in fact appears hard to 
prevent-there is some question as to whether 
educationally and socioeconomically deprived 
families should be asked to give food supple- 
ments only to target children, or whether they 
should be given less expensive supplements 
for distribution to family members of all ages. 

In either case, the problem of how to edu- 
cate parents about the vulnerability of chil- 
dren under two years old to malnutrition (and 
consequent physical and mental damage) is 
important. For even though the study pro- 
gram made an effort to impress this point on 
the parents involved, that action did not make 
the parents reserve the food supplements ex- 
clusively for the target children. 

However, it may have encouraged false re- 
porting. During the visits made to monitor 
the program’s progress, the mother was al- 
ways asked about who was receiving the milk 
and how it was being accepted by the child. 
All the mothers invariably replied that the 
milk supplement had been offered only to the 
target child and that the child liked it, even in 
cases where a two-week ration had been con- 
sumed in a single week. In such instances of 
excess consumption, further questioning gen- 
erally led mothers to say they had made mis- 
takes in their calculations or that the child 
had taken more than the prescribed amount. 

Obviously, all of this creates a serious con- 
flict for the mother. For social and psycholog- 

ical reasons, it is very hard for her to make 
distinctions within the home, which is exactly 
what programs of this sort demand. Finding 
it impossible to “isolate” the supplements 
from other family members short of food, she 
nevertheless wants to see the supply of food 
maintained. Therefore, she gives false infor- 
mation, not with any lack of regard for the 
truth, but rather in fear of losing the small 
food allotment being received. 

In other words, her cultural upbringing 
tells her that mothers must be impartial, and 
hence any attempt by food program authori- 
ties to impose discriminatory food distribu- 
tion practices in the home runs head-on into 
a pattern of maternal conduct acquired in 
childhood. It is even difficult for the mother 
to understand that the food is really intended 
for only one member of her family, explana- 
tions notwithstanding, since what matters to 
her is that she have some food to offer any of 
her children who request it. 

All this helps to explain why children tar- 
geted by food supplement programs may fail 
to show weight, gains of the sorts anticipated. 
The explanation is nearly always that the 
child is not receiving the supplement, or is 
receiving it only irregularly and in small 
amounts. 

The problem is aggravated by the fact that 
the powdered milk commonly distributed by 
institutional food supplement programs has a 
taste pleasing to adults as well as children. In 
an attempt to change this situation, Ferriani 
(9) has proposed using an acidified milk that 
is pleasant-tasting to young children but not 
to older people. Such a product, modified by 
biological acidification, alteration of its fatty 
content (to 80% milk fat and 20% vegetable 
oil), and addition of vitamins, iron, and car- 
bohydrates, is especially indicated for the 
feeding of children in the first year of life. It is 
the authors’ conclusion that an acidified milk 
of this kind is well-suited for use in a food 
supplement program directed solely at infants 
up to two years of age. 

Also, Vinha and Dutra de Oliveira (20, 22) 
and Dutra de Oliveira et al. (22) have pro- 
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posed that home distribution be avoided by 
means of a community food program requir- 
ing those enrolled to consume the food sup- 
plement at a cafe, grocery store, or other des- 
ignated distribution center. They conclude 
that such a program should be able to reach 
any nutritionally vulnerable group (most no- 
tably young children), and that it would pro- 
vide a way of ensuring that appropriate food 
supplements are actually consumed by the 
target group. 

At the present time, state health depart- 
ment programs are distributing rather 
pleasant-tasting powdered milk food supple- 
ments through local health centers for home 

consumption. It seems unlikely that the goals 
of these programs, directed exclusively at 
children under two years old, will be attained. 
However, it seems possible that incorporation 
of the foregoing proposals could produce sub- 
stantial benefits. That is, it seems reasonable 
to assume that consumption of the supple- 
ment at designated centers would permit spe- 
cific groups to be targeted effectively. In this 
regard it is worth noting that preliminary tri- 
als of acidified milk have shown that only the 
children involved drank it, while other family 
members turned it down because they found 
the taste unpleasant. 

SUMMARY 

Experience with powdered milk food supple- 
mentation programs in Brazil and elsewhere has 
indicated that the young children such programs 
are designed for may fail to achieve the desired lev- 
els of growth and development because portions of 
the supplement are consumed by other family 
members. This is hard to confirm through inter- 
views, because the mothers involved generally 
claim that only the target child has been receiving 
the supplement, whether or not this is actually the 
case. Therefore, it was deemed appropriate to con- 
duct a survey in which a tracer (the pentose sugar 
d-xylose) was added to the supplement, urine sam- 
ples were collected from target children and mem- 
bers of their families, and urinalysis tests were per- 
formed to determine who had consumed the 
supplement. 

Preliminary laboratory tests indicated that the 
Roe and Rice test for d-xylose (6) was sufficiently 
sensitive and specific for purposes of the planned 
survey, and that the available laboratory techni- 
cian and equipment were capable of performing 
this procedure. They also showed that addition of 
5g d-xylose to 454g powdered milk supplement 
would place enough d-xylose in a consumer’s urine 
to be detected, and that d-xylose was excreted in 
substantial amounts for at least three hours follow- 
ing ingestion of the supplement. 

The area selected for the field test was a critically 
impoverished shantytown in Ribeirlo P&to called 
Vila Elisa. The study population consisted of 31 

subjects less than two years old and 114 members 
of their families. All 23 of the families involved 
were enrolled in a program designed to provide 
powdered milk food supplement to children under 
two. 

One of the powdered milk cans provided to each 
family was impregnated with d-xylose. At a suit- 
able interval following delivery of that can, an ef- 
fort was made to obtain urine specimens from all 
the family members-for allegedly unrelated rea- 
sons. The urine specimens were then tested for 
d-xylose by the Roe and Rice method. Subjects 
who did not provide urine specimens (three chil- 
dren under two and 33 others) were excluded from 
the study. 

The results of this survey indicated that 102 of 
the 108 study subjects providing specimens were 
excreting d-xylose, and that while 89% of the chil- 
dren under two were found to have d-xylose in their 
urine, even higher percentages of all other age 
groups studied appeared to have the tracer in their 
urine. The finding thus demonstrates that d-xylose 
can serve as an effective tracer for detecting unin- 
tended uses of food supplements. It also illustrates 
the difficulty of getting the entire amount of those 
supplements to the young children for which they 
are usually intended (especially in homes where 
hunger, ignorance, and poverty prevail) and points 
up the need for special measures that will reduce 
misdirection of food supplements in the home. 
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