
RESEARCH ARTICLE Open Access

Using direct observations on multiple occasions
to measure household food availability among
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Abstract

Background: It has been recognized that the availability of foods in the home are important to nutritional health,
and may influence the dietary behavior of children, adolescents, and adults. It is therefore important to understand
food choices in the context of the household setting. Considering their importance, the measurement of
household food resources becomes critical.
Because most studies use a single point of data collection to determine the types of foods that are present in the
home, which can miss the change in availability within a month and when resources are not available, the primary
objective of this pilot study was to examine the feasibility and value of conducting weekly in-home assessments of
household food resources over the course of one month among low-income Mexicano families in Texas colonias.

Methods: We conducted five in-home household food inventories over a thirty-day period in a small convenience
sample; determined the frequency that food items were present in the participating households; and compared a
one-time measurement with multiple measurements.
After the development and pre-testing of the 252-item culturally and linguistically- appropriate household food
inventory instrument that used direct observation to determine the presence and amount of food and beverage
items in the home (refrigerator, freezer, pantry, elsewhere), two trained promotoras recruited a convenience sample
of 6 households; administered a baseline questionnaire (personal info, shopping habits, and food security); con-
ducted 5 in-home assessments (7-day interval) over a 30-day period; and documented grocery shopping and other
food-related activities within the previous week of each in-home assessment. All data were collected in Spanish.
Descriptive statistics were calculated for mean and frequency of sample characteristics, food-related activities, food
security, and the presence of individual food items. Due to the small sample size of the pilot data, the Friedman
Test and Kendall’s W were used to assess the consistency of household food supplies across multiple observations.

Results: Complete data were collected from all 6 Mexicano women (33.2y ± 3.3; 6.5 ± 1.5 adults/children in
household (HH); 5 HH received weekly income; and all were food insecure. All households purchased groceries
within a week of at least four of the five assessments. The weekly presence and amounts of fresh and processed
fruits and vegetables, dairy, meats, breads, cereals, beverages, and oils and fats varied. Further, the results revealed
the inadequacy of a one-time measurement of household food resources, compared with multiple measures. The
first household food inventory as a one-time measure would have mistakenly identified at least one-half of the
participant households without fresh fruit, canned vegetables, dairy, protein foods, grains, chips, and sugar-
sweetened beverages.

Conclusions: This study highlights the value of documenting weekly household food supplies, especially in
households where income resources may be more volatile. Clearly, the data show that a single HFI may miss the
changes in availability - presence and amount - that occur among low-income Mexicano households who face
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challenges that require frequent purchase of foods and beverages. Use of multiple household food inventories can
inform the development and implementation of nutrition-related policies and culturally sensitive nutrition
education programs.

Background
The burden of obesity and nutrition-related health con-
ditions, such as type 2 diabetes, hypertension, and cor-
onary heart disease, disproportionately affects children
and marginalized populations that face increasing vul-
nerability to food insecurity and poor nutrition health
[1,2]. One such marginalized population is Mexicano
(Mexican-origin) families who reside in impoverished
colonias along the Texas-Mexico border [3]. Colonias,
developed from subdivided agricultural lands in
response to a deficit in low-income housing [4], are sub-
standard residential areas often with inadequate roads,
variable housing conditions, and limited access to safe
water and sewer sources [5]. Almost 20% of these lar-
gely Mexicano households have a female head, and 50%
of children are food insecure [6,7]. Notably, the border
population is growing at a rate nearly double that of the
rest of Texas [8]. Obesity and related health conditions
predominate among Mexican Americans in the Lower
Rio Grande Valley (LRGV) of Texas. Of great concern
are increases in overweight and obesity among Mexican
American children in the LRGV [9]. The term Mexicano
is being broadly used to refer to colonia residents who
label themselves as Mexican in origin, regardless of
birthplace [10].
Although obesity has risen at alarming rates among all

segments of the population, prevalence is significant
among Mexican Americans and continues to increase
among the poor and near-poor [11-13]. The dramatic
increase in obesity levels among the U.S. population is
primarily due to an energy imbalance [14]. Energy-dense
and nutrient-poor foods, such as sugar-sweetened bev-
erages, high-fat baked goods, desserts, and salty/high-fat
snacks, are highly palatable and promote higher calorie
intakes [15,16]. For poor populations, energy-dense
foods may also be more affordable and more accessible
[16,17]. Considering the multifactorial nature of obesity
and the increased risk for adverse health conditions
faced by children who experience accelerated weight
gain [2,16], understanding the factors that influence
individual food choice and healthful eating is critical to
addressing the obesity problem through nutrition educa-
tion and policy. An ecological paradigm suggests that
multiple levels of the food environment influence indivi-
dual at-home dietary intake [18,19]. In particular, com-
munity and neighborhood retail food environments
influence the household food environment through
acquisition of food items, which may dictate food

preparation and consumption choices made at home
[20,21]. Access to community and neighborhood food
resources may exert a greater influence for limited
resource families [3,22]. As French and colleagues point
out, the household food environment is an intermediate
level between the retail food environment and individual
dietary intake [20]. Despite research that has found that
the accessibility to foods in the home is one of the most
important determinants of eating behavior [16,23], the
preponderance of published studies focus on access to
the retail food environment [3,24-36].
National data suggest that home-prepared food

accounts for approximately 61% of food expenditures
and 68% of total calories [37,38]. For some subpopula-
tions, such as Mexicano families along the Texas border
with Mexico, the proportion of meals and calories con-
sumed outside the home is relatively small [39].
Research has shown that the availability of foods in the
home are important to nutritional health [22,40-44], and
may indicate dietary behavior of children, adolescents,
and adults [16,22,42,45-49]. Therefore, understanding
food choices in the context of the household setting is
important [20]. Moreover, considering the importance
of household food resources, the measurement of house-
hold food resources becomes critical [20].
Two main approaches have been used to measure

household food availability; one that documents food
items coming into the home, using grocery receipts and
records [20,50-53], and another that inventories actual
food items present in the home, relying on mailed, tele-
phone, or researcher-administered surveys and partici-
pant self-report [22,42,43,54-59] or direct observation by
a trained researcher [60,61]. With limited-item or com-
prehensive household food inventories (HFIs), most
researchers document household availability at a single
point in time [20,22,40,43,54,57,62,63]. However, a sin-
gle HFI is unable to address intra-household variation
during the month in food resources, which may be
influenced by weekly or bi-weekly shopping trips, eco-
nomics (e.g., income cycles), demands of work outside
the home, household refrigeration and storage, family
events such as celebrations or family traumas and emo-
tional events, bouts of acute illness, transformations in
domicile, and food store access [64-66]. The intra-
month variation in household availability may be a key
factor in food intake. As French and colleagues pointed
out, a single HFI does not capture variation in house-
hold food availability over time, much like a single
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dietary recall would not capture variations in dietary
habits [20,67]. Another shortcoming in evaluating
household food resources is the lack of consideration
for the amounts of food and beverages present in the
home, given the adequacy of food resources may relate
to household size and composition [20,65,68,69].
Understanding intra-month variation in household

food availability will better inform the development and
implementation of nutrition education and nutrition-
related policies. Most studies use a single point of data
collection to determine the types of foods that are pre-
sent in the home. Because this approach can miss the
change in availability within a month and when
resources are not available, the primary objective of this
pilot study was to examine the feasibility and value of
conducting weekly in-home assessments of household
food resources over the course of one month among
low-income Mexicano families in Texas colonias. Speci-
fically, we conducted five in-home household food
inventories over a thirty-day period in a small conveni-
ence sample; determined the frequency that food items
were present in the participating households; and com-
pared a one-time measurement with multiple
measurements.

Methods
Setting and Participants
Since this was a pilot project and little data existed on
feasibility of conducting five in-home food inventories
during a 30-day period, the decision was made a priori
to recruit and retain three participants from each of two
geographic areas of colonias along the South Texas bor-
der with Mexico. Recruitment of six participants and
data collection were conducted by local promotoras
(indigenous community health workers) who were
affiliated with the South Texas Center for Community
Health Development; worked in two targeted areas of
colonias in the eastern and western parts of Hidalgo
County, which are approximately 20 miles apart; and
have been involved in previous nutrition-related
research projects. The promotoras contacted women
with at least one child under the age of eighteen living
in the household and who had participated in a prior
research project. Three women were contacted and
were recruited from colonias in the eastern part of
Hidalgo County and five were contacted and three
recruited from colonias in the western part of the
county. All six women who agreed to participate in the
study completed all five in-home assessments. The study
was completed in July-September, 2008. Participants
received a cash incentive for participation in the study,
which was distributed at the end of the study. Informed
consent was obtained from all participants, and the
study was approved by the Institutional Review Board at

Texas A&M University. All materials were translated
into Spanish; reviewed for semantic and conceptual
equivalence by the promotoras; and necessary modifica-
tions were made.

Baseline Questionnaire
A questionnaire during the first in-home visit was admi-
nistered by a promotora-interviewer in Spanish; and
included the following sections: 1) sociodemographic
characteristics, 2) food-related activities, and 3) food
security. Once translated into Spanish, all questionnaire
items were examined by project promotoras for concep-
tual and semantic equivalence; and appropriate changes
were made. Sociodemographic characteristics included
participant’s age, education (highest grade completed in
school), race/ethnicity, marital status, number of adults
and children residing in the household, ages of children,
household income in 2007, frequency of income pay-
ments, employment status of household members, auto-
mobile ownership, other sources of transportation,
nutrition program participation (e.g., Supplemental
Nutrition Assistance Program [SNAP], Women, Infants,
and Children Nutrition Program [WIC], School Break-
fast Program, and School Lunch Program), and health
conditions among household members (e.g., diabetes,
obesity, and heart problems). SNAP participants were
also asked the length of time in the program and
amount and receiving date of current benefits. Food-
related activities included questions concerning the
store where most of household’s groceries were pur-
chased; one-way distance and time to travel to that
store; typical method of transportation; frequency of
shopping at this store (weekly, bi-weekly, monthly, or
less than once a month); amount spent on groceries;
days since last food shopping occasion; and frequency of
prepared meals purchased from a fast- or full-service
restaurant for consumption at home or at the restau-
rant. Food security was measured using the U.S.
Household Food Security Survey Module: Six-Item
Short Form [70,71]. Food security status was determined
from the occurrence of the following food security risk
situations during the 12 months prior to the first home
visit: purchased food did not last and money was not
available to get more (often true, sometimes true, or
never true); could not afford to eat balanced meals
(often true, sometimes true, or never true); adults in the
household cut the size of meals or skipped meals
because there wasn’t enough money for food (yes or
no); adults eat less than they felt they should eat
because there wasn’t enough money for food (yes or
no); and were hungry and did not eat because they
couldn’t afford enough food (yes or no). If the partici-
pant answered often or sometimes, a follow-up question
asked whether or not this happened almost every
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month, only 1 or 2 months, or some months but not
every month. Scores were calculated to classify house-
holds as food secure (score = 0), marginally food secure
(score = 1), food insecure (score = 2-4), and high food
insecurity (score = 5-6), which is similar to food inse-
cure with hunger.

Household Food Inventory (HFI)
The HFI instrument included 252 items and was modi-
fied from a 171-item shelf inventory survey used in low-
income Latino families and a 251-item inventory used in
rural Texas [59,65]. Food items were added to include
canned and frozen fruit and vegetables and regional and
cultural food items that were not included in the origi-
nal version. The HFI consisted of the following cate-
gories: verdura fresco (fresh vegetables); fruta fresco
(fresh fruit); cereales (cereals), pan, pastels, galletas sala-
das y galletas (bread, cakes, crackers, and cookies); tor-
tillas, pasta y arroz (tortillas, pasta and rice); leche,
lecheria, helado, yogur y queso (milk, dairy, ice cream,
yogurt, and cheese); carne, carne de aves, jamon y sal-
chichas, frescas o congeladas (meat, poultry, ham and
sausage, fresh or frozen); mariscos, frescos, congelados o
enlatados (fish, fresh, frozen or canned); palomitas
de maiz o papitas (chips and popcorn); legumbres
(legumes); verduras - enlatadas/frasco (vegetables -
canned/jar); frutas enlatadas (canned fruit); sopas y con-
somes (broth and soups); bebidas (beverages); articulos
de comida micelanea (miscellaneous pantry items); ver-
duras congeladas (frozen vegetables); frutas congeladas
(frozen fruit); mayonesa, salsa y adereso (mayonnaise,
sauce, and salad dressing); aceites y otras mantecas (oils
and other fats); and comida para bebe (baby food).
Canned fruit was identified as being packed in sirope
espeso (heavy syrup) or sirope/jugo ligero (light syrup or
juice). The instrument was designed to document si
(presence) and cantidad (amount) of each food item.
Amounts were determined by a count of the number of
items of whole fresh fruit and vegetables, labeling of
bottled, canned, or prepackaged foods, and estimation of
previously opened or sliced food items.

Follow-up Questionnaire
A follow-up questionnaire was administered during
home visits 2, 3, 4, and 5 to identify food-related activ-
ities that occurred since the prior home visit. The fol-
lowing questions were included: 1) were groceries
purchased (where, how much was spent, type of pur-
chase, and method of transportation); 2) did you/you
and your family eat at a fast food restaurant (and fre-
quency); 3) did you/you and your family eat a restaurant
(and frequency); and 4) did you/you and your family
purchase food prepared elsewhere to eat at home (and

frequency). Frequency responses included once,
2-3 times, 4-5 times, >5 times, or does not apply.

Data Collection
The promotoras completed a one-day training session,
preview and testing of all materials, and follow-up training
sessions. The training sessions included information on
research with human subjects, maintaining confidentiality,
and practice sessions in administering questionnaires and
documenting the presence and amount of foods present
during household food inventories. Data were collected in
each participant’s home by a team of two trained promo-
toras during five home visits, which were scheduled to
occur over thirty days; each home visit was scheduled to
occur approximately 6-7 days after the prior home visit.
The study was conducted during the months of July,
August, and early September 2008. During the first visit to
each household, the baseline questionnaire was adminis-
tered; the first HFI was completed using direct observation
of food stored in the home; and photographs were taken
of foods and food storage. During home visits 2-5, a fol-
low-up questionnaire was administered; household food
inventory was assessed; and photographs were taken. The
promotoras were all fluent Spanish speakers from the local
community who shared a common cultural background
with the participants in the study.

Data Analysis
Survey and household food inventory data were entered
into a relational database (Microsoft Office Access
2007); descriptive statistics were calculated for mean
and frequency of sample characteristics, food-related
activities, food security, and the presence of individual
food items, using Stata statistical software release 11.0
(Stata Corp., College Station, TX). Due to the small
sample size of the pilot data, traditional multilevel mod-
eling techniques which rely on large sample theory for
accurate p-values were not appropriate. The Friedman
Test and Kendall’s W Test [72,73], two non-parametric
techniques, were used to assess the consistency of
household food supplies across multiple observations.
The null hypothesis for both of these tests is that the
contents of each participant’s household are the same
each time they are observed; that is, that the food or
beverage item is present, regardless of quantity. Note
that the tests do not differentiate between the presence
or absence of a particular item - only that the contents
are the same across all observations. While the Fried-
man and Kendall tests yield the same p-value, the Ken-
dall W statistic has the advantage of being interpreted
as a measure of concordance or agreement ranging from
zero to one. A value of zero indicates no consistency
across observations and a value of one indicates perfect
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consistency across observations. Both tests were imple-
mented in Stata 11.0 using the “friedman” command
written by Goldstein [73].

Results
The sociodemographic characteristics of the six partici-
pant mothers and households are shown in Table 1. All
participants considered themselves Mexicano and all
data were collected in Spanish. Household size ranged
from 4-8 adults and children; household composition
included 2-4 adults and 2-6 children. All participants
reported a household income ≤$15,000/yr, with a house-
hold income <$10,000/yr for five of the six participants.
For most, income was received on no more than a
weekly basis. Participants traveled 3-10 miles one-way to
purchase groceries; half of them traveled with a friend

or neighbor; and five of the six households spent <$400/
month on groceries (data not shown). Groceries for the
household were primarily purchased weekly or bi-
weekly. The lack of food security is a problem for the
participant households (see Table 2). Five of the six
households evidenced high food insecurity (food inse-
curity with hunger), with the sixth household being food
insecure.
Food-related activities that occurred prior to each of

the five in-home assessments were documented. Overall,
all participants purchased groceries prior to 3-4 of the 5
HFIs. The average total amount spent to purchase gro-
ceries across the 5 HFIs was $310.5 ± $124.04 (range
$150 to $490). Almost all participants relied on some-
one else for transportation for most of their trips to
purchase groceries. Fast food was not regularly pur-
chased; however, when it was purchased, it was only
once during a week. Full-service restaurants were not
frequented by any of the participants.
The first household food inventory required 45 min-

utes to 1 hour to complete; the time required for the
remaining four HFI s ranged from 30-45 minutes. Table
3 shows the number of households in which fresh and
canned fruit and vegetables were present during the first
household food inventory and the number of household
inventories in which overall variety of fresh fruit and

Table 1 Sociodemographic Characteristics for all Six
Participant Mothers

Mean ± SD
(range)

% (n)

Age (years) 33.2 ± 3.3 (27-36)

Education (years completed) 8.2 ± 2.8 (6-13)

Race/ethnicity

Hispanic 100 (6)

Marital status

Married 100 (6)

Household composition (number)

Adults 2.3 ± 0.8 (2-4)

Children 4.2 ± 1.3 (2-6)

Total adults and children 6.5 ± 1.5 (4-8)

Age of children in household (years)

Household average 5.9 ± 4.8 (1-12)

Household income (in thousands)/y

<$10 83.3 (5)

$10-$15 16.7 (1)

Frequency of income

Daily 16.7 (1)

Weekly 66.7 (4)

Bi-weekly 16.7 (1)

Household adults employed

Participant (female) 0 (0)

Spouse 100 (6)

Transportation

Car ownership 66.7 (4)

Neighbora 33.3 (2)

Nutrition program participation

Supplemental Nutrition Assistance
Program (SNAP)

83.3 (5)

Women, Infants, and Children
(WIC) Program

50 (3)

Free school breakfast 33.3 (2)

Free or reduced school lunch 0 (0)
a Ride with neighbor (100% charge for transportation)

Table 2 Food Security Using the Six-Item Short Form of
the Food Security Survey Module

% (n)

In the past 12 months

Food that was purchased did not last and didn’t have
money to get more

100 (6)

Almost every montha 33.3 (2)

Some monthsa 66.7 (4)

Could not afford to eat balanced meals 100 (6)

Almost every monthb 33.3 (2)

Some monthsb 50 (3)

1-2 monthsb 16.7 (1)

Cut the size or skipped meals because there wasn’t
enough money for food

83.3 (5)

Almost every monthc 16.7 (1)

Some monthsc 66.7 (4)

Eat less than you felt you should because there wasn’t
enough money for food

83.3 (5)

Hungry but didn’t eat because you couldn’t afford enough
food.

83.3 (5)

Overall food security status (scores 0 - 6)

High food insecurity (score = 6) 83.3 (5)

Food insecurity (score = 2) 16.7 (1)
a Frequency that food did not last and didn’t have money to get more
b Frequency that could not afford to eat balanced meals
c Frequency that cut the size or skipped meals because there wasn’t enough
money for food
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vegetables were present. Fresh fruit was not consistently
present; five households had at least 2 different types of
fruit, but only on one or two occasions. Bananas were
the most frequently observed type of fresh fruit. How-
ever, the amount of bananas present ranged from 1-10
bananas and differed from week-to-week (data not
shown). For example, one participant, with two adults
and six children in the household, had bananas present
during four HFI: 5 bananas at time 1, 1 at time 2, 0 at
time 3, 1 at time 4, and 3 at time five (data not shown).
Apples and oranges were never observed in any of the
participant homes. Interestingly, if we used the first HFI
(Time 1 column) as the only assessment of household
availability of bananas, we would have missed the pre-
sence of bananas in four of the six households. Similarly,
a single HFI would have identified half the households
without any fresh fruit, instead of only one household
that lacked fresh fruit on all five HFIs (data not shown).
Carrots, lettuce, potatoes, and tomatoes were the most
frequently observed fresh vegetables; the amount of each
vegetable varied from week-to-week (data not shown).
Reliance on the first HFI would have missed that no
fresh vegetables were present in three of the six house-
holds on one occasion. Friedman’s non-parametric two-
way analysis of variation and Kendall’s coefficient of
concordance showed that there was no weekly agree-
ment on the total number of fresh vegetables present
(Kendall = 0.45, p = 0.04), the presence of any carrots

(Kendall = 0.55. p = 0.016), and the amount of carrots
(Kendall = 0.54, p = 0.019).
There was no canned fruit in any of the households at

any time. On average, less than two different types of
canned vegetables were observed in the households dur-
ing the five HFI. The first HFI (Time1) failed to identify
one household that did not have canned vegetables pre-
sent on two occasions; and identified one of three house-
holds with one or two types of canned vegetables on
three occasions. Corn, mixed vegetables, and tomatoes
were the most frequently observed types of canned vege-
tables. There was no weekly agreement on the variety of
canned vegetables present (Kendall = 0.51, p = 0.02) or
presence (Kendall = 0.47, p = 0.03) or amount (Kendall =
0.69, p = 0.0008) of canned corn or mixed vegetables
(Kendall = 0.53, p = 0.02; Kendall = 0.65, p = 0.006)
observed in the homes. The amount of canned tomatoes
differed from week-to-week (Kendall = 0.51, p = 0.02).
Legumes were primarily available as dry or canned beans.
Dry beans were present in all households on at least four
of the five occasions. In addition, there was not agree-
ment in the presence (Kendall = 0.43, p = 0.05) and
amount (Kendall = 0.47, p = 0.03) of canned beans.
Dairy products are shown in Table 4. Low-fat milk,

low-fat cheese, and low-fat ice cream were not consis-
tently observed. Although not statistically significant,
there was little agreement in weekly presence or amount
of regular milk; however, lack of agreement across

Table 3 Percentage and Number of Participant Mothers with Fresh and Canned Fruit and Vegetables Present During
Five Household Food Inventories

Number of Household Inventories in Which Foods Were Present

Time 1
% (n)

All 5
% (n)

4 of 5
% (n)

3 of 5
% (n)

2 of 5
% (n)

1 of 5
% (n)

0 of 5
% (n)

Fresh fruit - varietya

0 50.0 (3) 16.7 (1) 0 16.7 (1) 16.7 (1) 33.3 (2) 16.7 (1)

1 33.3 (2) 0 66.7 (4) 0 0 33.3 (2)

2 16.7 (1) 0 0 0 16.7 (1) 50.0 (3) 33.3 (2)

≥3 0 0 0 0 16.7 (1) 83.3 (5)

Fresh vegetables - varietyb

0 0 0 0 0 0 50.0 (3) 50.0 (3)

1-2 16.7 (1) 0 0 16.7 (1) 0 16.7 (1) 66.7 (4)

≥3 83.3 (5) 50.0 (3) 16.7 (1) 16.7 (1) 0 16.7 (1) 0

Canned fruit - variety

0 100 (6) 100 (6) 0 0 0 0 0

Canned vegetables - varietyc

0 0 0 0 0 16.7 (1) 0 83.3 (5)

1-2 16.7 (1) 0 0 50.0 (3) 0 33.3 (2) 16.7 (1)

≥3 83.3 (5) 16.7 (1) 33.3 (2) 0 33.3 (2) 0 16.7 (1)
a Total number of different types of fresh fruit (0, 1, 2, and 3 or more): apples, avocados, bananas, guava, grapes, mango, melons, oranges, papaya, plantain, and
strawberries.
b Total number of different types of fresh vegetables (0, 1-2, and 3 or more): broccoli, cabbage, carrots, celery, corn, cucumber, greens, lettuce, peppers, potatoes,
squash, and tomatoes.
c Total number of different types of fresh vegetables (0, 1-2, and 3 or more): asparagus, carrots, corn, green beans, green peas, greens, hominy, mixed
vegetables, potatoes, and tomatoes.
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household observations of hard cheese was significant
(Kendall = 0.44, p = 0.04). Dairy provides another exam-
ple where a single observation (first HFI) differed from
remaining HFIs. The first HFI identified half of the
households (n = 3) that had whole milk or any milk on
at least one occasion; low fat milk was not identified in

any of the three households with low fat milk on 1-2
other occasions. During the first HFI, regular ice cream
was observed in one of three households that subse-
quently had ice cream.
Household availability of meats, poultry, seafood, and

other protein foods are shown in Table 5. Regular beef

Table 4 Percentage and Number of Participant Mothers with Dairy Present During Five Household Food Inventories

Number of Household Inventories in Which Foods Were Present

Time 1
% (n)

All 5
% (n)

4 of 5
% (n)

3 of 5
% (n)

2 of 5
% (n)

1 of 5
% (n)

0 of 5
% (n)

Milk

Whole 50.0 (3) 0 33.3 (2) 0 50.0 (3) 16.7 (1) 0

Low fat 0 0 0 0 16.7 (1) 33.3 (2) 50.0 (3)

Any milk 50.0 (3) 16.7 (1) 33.3 (2) 0 50.0 (3) 0 0

Cottage cheese

Regular 16.7 (1) 0 0 0 0 33.3 (2) 66.7 (4)

Yogurt

Regular 0 0 0 0 16.7 (1) 16.7 (1) 66.7 (4)

Cheese

Regular 33.3 (2) 33.3 (2) 16.7 (1) 16.7 (1) 16.7 (1) 16.7 (1) 0

Ice cream

Regular 16.7 (1) 0 0 0 33.3 (2) 16.7 (1) 50.0 (3)

Table 5 Percentage and Number of Participant Mothers with Meat/Poultry/Seafood and Other Protein Foods Present
During Five Household Food Inventories

Number of Household Inventories in Which Foods Were Present

Time 1
% (n)

All 5
% (n)

4 of 5
% (n)

3 of 5
% (n)

2 of 5
% (n)

1 of 5
% (n)

0 of 5
% (n)

Beef - regular 66.7 (4) 33.3 (2) 33.3 (2) 16.7 (1) 0 0 16.7 (1)

Pork

Regular 33.3 (2) 0 0 16.7 (1) 16.7 (1) 50.0 (3) 16.7 (1)

Sausage 0 0 0 0 16.7 (1) 33.3 (2) 50.0 (3)

Bacon 50.0 (3) 16.7 (1) 0 16.7 (1) 16.7 (1) 0 50.0 (3)

Chorizo 0 0 0 0 0 50.0 (3) 50.0 (3)

Hot dogs

Beef/pork 0 0 0 0 0 16.7 (1) 83.3 (5)

Turkey/chicken 50.0 (3) 0 0 50.0 (3) 33.3 (2) 16.7 (1) 0

Corn dogs 0 0 0 0 0 16.7 (1) 83.3 (5)

Lunch meat

Ham/bologna 0 0 16.7 (1) 0 50.0 (3) 16.7 (1) 16.7 (1)

Salami 0 0 0 0 50.0 (3) 0 50.0 (3)

Canned 0 0 0 0 0 33.3 (2) 66.7 (4)

Chicken

Breast 16.7 (1) 0 0 0 16.7 (1) 33.3 (2) 50.0 (3)

Whole/pieces 50.0 (3) 16.7 (1) 16.7 (1) 16.7 (1) 33.3 (2) 16.7 (1) 0

Breaded 16.7 (1) 0 0 0 16.7 (1) 33.3 (2) 50.0 (3)

Canned 0 0 0 0 16.7 (1) 0 83.3 (5)

Fish

Not breaded 0 0 0 0 16.7 (1) 16.7 (1) 66.7 (4)

Canned fish 66.7 (4) 66.7 (4) 0 33.3 (2) 0 0 0

Peanut butter

Regular 33.3 (2) 33.3 (2) 16.7 (1) 0 16.7 (1) 0 33.3 (2)
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was present during at least three inventories in five of
the households; in one household, beef was not available
during the first HFI, but was observed during the subse-
quent four inventories; and in another household, beef
was observed during the first inventory, but not during
the following two inventories. The first HFI failed to
identify pork, hot dogs, chicken (breast, whole/pieces, or
breaded), fish, and peanut butter in at least half of the
households where they were present during other HFIs.
The presence and amount of bacon was not consistent
across the five inventories (Kendall = 0.43, p = 0.05;
Kendall = 0.46, p = 0.03). Although ham or bologna
lunch meat was available at least once in five house-
holds, it was not present in any household during the
first HFI. In half the households, chicken (whole/pieces)
was not available during the first HFI, but was present
on at least one occasion for all households; and in sub-
sequent HFIs, the amount present varied from week-to-
week (data not shown). Canned fish was available in all
households on at least three occasions. In two of the
households, canned fish was not observed during the
first HFI; and amount of fish present was not consistent
from week-to-week (Kendall = 0.53, p = 0.02). There

was not agreement in the presence (Kendall = 0.56, p =
0.01) and amount (Kendall = 0.69, p = 0.0004) of peanut
butter across the five HFIs. In two of the households
where peanut butter was observed on at least two occa-
sions, none was present during the first inventory.
Table 6 shows the availability of cereal, breads, crack-

ers, prepared desserts, noodles, rice, and chips. The
amount of unsweetened and sugar-sweetened cereal var-
ied greatly from week-to-week; in at least two of the
households, unsweetened and sugar-sweetened cereals
were not available during the first HFI, but were avail-
able on at least two subsequent occasions. In the case of
oatmeal, there was not agreement in the amount present
across the inventories (Kendall = 0.48, p = 0.03). With
the exception of one household, white bread was not
available every week; and in three of the households, not
on the first in-home assessment. Although present in
two households on at least one occasion, whole wheat
bread was not available during the first HFI. Corn tortil-
las were available on a regular basis in all households;
however, the amount varied greatly from week-to-week
(Kendall = 0.41, p = 0.06). In the five households where
regular crackers were present on at least one occasion,

Table 6 Percentage and Number of Participant Mothers with Cereals, Breads, Crackers, Prepared Desserts, Noodles,
Rice, and Chips Present During Five Household Food Inventories

Number of Household Inventories in Which Foods Were Present

Time 1
% (n)

All 5
% (n)

4 of 5
% (n)

3 of 5
% (n)

2 of 5
% (n)

1 of 5
% (n)

0 of 5
% (n)

Dry Cereal

Unsweetened 66.7 (4) 0 0 50.0 (3) 33.3 (2) 16.7 (1) 0

Sweetened 50.0 (3) 16.7 (1) 16.7 (1) 0 50.0 (3) 0 16.7 (1)

Oatmeal 66.7 (4) 16.7 (1) 66.7 (4) 0 0 16.7 (1) 0

Maize atole 0 0 0 16.7 (1) 0 0 0

Bread

White 50.0 (3) 16.7 (1) 0 16.7 (1) 33.3 (2) 33.3 (2) 0

Whole wheat 0 0 0 16.7 (1) 0 16.7 (1) 66.7 (4)

Tortillas

Corn 83.3 (5) 50.0 (3) 16.7 (1) 33.3 (2) 0 0 0

Flour 33.3 (2) 0 0 16.7 (1) 16.7 (1) 33.3 (2) 33.3 (2)

Crackers

Regular 0 0 33.3 (2) 33.3 (2) 0 16.7 (1) 16.7 (1)

Low fat 0 0 0 16.7 (1) 0 0 83.3 (5)

Prepared Desserts

Donuts 16.7 (1) 0 0 0 16.7 (1) 50.0 (3) 33.3 (2)

Regular cookies 0 0 0 33.3 (2) 16.7 (1) 16.7 (1) 33.3 (2)

Noodles and Rice

Pasta 66.7 (4) 33.3 (2) 33.3 (2) 0 0 16.7 (1) 16.7 (1)

White rice 83.3 (5) 33.3 (2) 33.3 (2) 0 33.3 (2) 0 0

Chips

Regular 0 0 16.7 (1) 0 0 16.7 (1) 66.7 (4)

Corn tostadas 16.7 (1) 0 16.7 (1) 0 0 50.0 (3) 33.3 (2)

Chicharrones 0 0 0 0 0 33.3 (2) 66.7 (4)
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none were observed during the first HFI. The same was
true for all four households where regular cookies were
observed during at least one HFI. There was lack of
agreement in weekly presence (Kendall = 0.46, p = 0.03)
and amount (Kendall = 0.62, p = 0.008) of pasta; and in
the amount of white rice (Kendall = 0.38, p = 0.09).
Regular chips were not present in any of the house-

holds during the first HFI; and in the household where
regular chips were observed on four occasions, the
amount varied greatly from week-to-week (data not
shown). Although available on at least one occasion in 2
households, chicharrones (fried pork skins) were not
observed during the first HFI. Interestingly, none of the
households had nuts or candy.
Beverage availability is shown in Table 7. There was a

lack of agreement on the amounts of regular soda across
the assessments (Kendall = 0.47, p = 0.03). In five of the
six households, sugar-sweetened soda was not observed
during the first HFI, but during subsequent HFIs. The
same was true for 100% fruit juice in four of five house-
holds and sugar-sweetened drink concentrate in five of
the six households.
The photographs in figures 1 and 2 visually depict

week-to-week change in refrigerator and cabinet con-
tents in two of the participant households. Figure 1
shows pictures of the inside of the refrigerator taken in
one family during the first three household food inven-
tories. Whole milk was available during the first and
third inventories; but not on the second, when low-fat
milk was present for the only time during the month. In
the same household, lettuce was available on during the
first two inventories, not on the third. Figure 2 shows
the inside of the same pantry in family #3 during the
first four HFIs. The presence of dried beans, canned
vegetables, and breakfast cereal was not consistent.

Discussion
This study extends our understanding of the measure-
ment of food availability in low-income Mexicano house-
holds that are located in Texas colonias, by 1) examining
the feasibility of recruiting and retaining a sample of low-

income households in a study that involved direct obser-
vation of the presence and amounts of a comprehensive
list of food items in the home on five occasions over a
thirty-day period; and 2) documenting the variation in
household food supplies over time. Specifically, we
describe the frequency that food items were present;
examined weekly agreement in the presence and amount
of food items; and compared a one-time measurement
with multiple measurements. This is in contrast to the
preponderance of household food inventory (HFI) studies
in which availability was determined, whether through
self-report or direct observation, at a single point in time
[20,22,40,43,45,54,57,62,63]; rarely were details of the
amount of food items examined [20,45,74]. In fact, little
has been reported about the intra-month changes in
household food supplies. Building on the work of Sisk
and colleagues who conducted a similar project with nine
African American and non-Hispanic White women in an
urban area of approximately 72,000 people [65], our HFI
instrument was modified to make it culturally and lin-
guistically sensitive to Mexicano families in the colonias
and to promotora researchers; and is apparently the first
study to use trained promotora researchers to document
household food availability (presence and amount) on
five occasions among low-income households in areas of
high neighborhood deprivation along the Texas border
with Mexico [3]. Understanding the variation over time
in availability of foods in the household is critical to
informing decision-makers, formulating nutrition-related
policy, and developing and implementing nutrition edu-
cation programs that facilitate the consumption of
healthy foods.
The results of this study indicated that it was feasible

to recruit and retain a sample of low-income Mexicano
households into a study that included five in-home
assessments of a broad range of foods. Although a
small sample, all six participant households in this fea-
sibility study, which was conducted in two areas of
colonias in the eastern and western parts of Hidalgo
County, completed all surveys and allowed promotora
researchers to complete direct observation and

Table 7 Percentage and Number of Participant Mothers with Beverages Present During Five Household Food
Inventories

Number of Household Inventories in Which Foods Were Present

Time 1
% (n)

All 5
% (n)

4 of 5
% (n)

3 of 5
% (n)

2 of 5
% (n)

1 of 5
% (n)

0 of 5
% (n)

Sodaa 16.7 (1) 16.7 (1) 16.7 (1) 16.7 (1) 33.3 (2) 16.7 (1) 0

Bottled water 83.3 (5) 16.7 (1) 33.3 (2) 16.7 (1) 16.7 (1) 16.7 (1) 0

100% fruit juice 16.7 (1) 0 33.3 (2) 0 33.3 (2) 16.7 (1) 16.7 (1)

Fruit drinks 0 0 0 0 0 50.0 (3) 50.0 (3)

Drink concentratea 16.7 (1) 16.7 (1) 0 33.3 (2) 16.7 (1) 33.3 (2) 0
a Sugar-sweetened
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documentation of all food storage areas on five sepa-
rate occasions. However, we must acknowledge the
resource-intensity of this approach. In addition to the
time necessary for scheduling in-home appointments
and driving to each participant’s home on five occa-
sions, the household food inventory itself required the
work of a two-person team of promotoras and 30-
60 minutes for each data collection episode. As in
other research projects in the colonias, the promotoras
were the essential link to recruiting and retaining par-
ticipant households [39], and to ensuring the cultural
sensitivity of research that recognizes that data accu-
racy depends in part on how much the participants
trust the researchers [75].
Overall, survey results indicated that there was a flow

of food purchases over the month; all households pur-
chased groceries, primarily at supermarkets or supercen-
ters, on at least four occasions prior to the five in-home
assessments of food availability. One of the factors that

may influence the frequency of food purchases was the
timing of household income; five of the six households
received income on a daily or weekly basis. The multiple
household food inventories (HFI) provided detailed and
valuable information about the week-to-week change in
the presence and amount of specific food items. Not
only was there lack of agreement in the types of food
items present from week-to-week, but also the amount.
Bananas provided an excellent illustration of the impor-
tance of knowing the amount present. In one household
of 8 individuals (2 adults and 6 children), bananas were
present on four occasions; however, the amount present
varied from 1-5 bananas. This suggests that although
bananas were present, they were available to few within
the household. Fresh vegetables showed a lack of agree-
ment in weekly presence or amount of individual or
total fresh or canned vegetables. Further, the presence
and/or amount of dairy, meats (including poultry, sea-
food, and peanut butter), grains (cereals, breads, tortillas,

Figure 1 Pictures taken by promotoras show the change in refrigerator food in family #1 during weeks 1, 2, and 3.
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cookies, pasta, and rice), and sugar-sweetened beverages
was not consistent across the five household food
inventories.
Further, the results revealed the inadequacy of a one-

time measurement of household food resources, com-
pared with multiple measures. If the first household
food inventory was a one-time measure, it would have
mistakenly identified at least one-half of the participant
households without fresh fruit, canned vegetables (corn,
mixed vegetables), dairy (whole or low-fat milk, cheese),
protein foods (pork, hot dogs, chicken, fish, and peanut
butter), grains (bread, crackers, and cookies), chips, and
sugar-sweetened beverages (soda and fruit drinks). With
some of the food items, none were observed during the
first inventory, but present in multiple subsequent
inventories. There were also food items that were

present during the first inventory, but not present on
subsequent inventories.
There are several major strengths to this study, espe-

cially in relation to other studies. Instead of using a sin-
gle measure (on one occasion) of household food
supplies, usually self-reported presence (and not quan-
tity) of a limited number of food categories and items
[54,55,57,58,62,76,77], this study extends our under-
standing of household food purchasing for in-home con-
sumption among low-income households and illustrates
the dynamic nature of the presence and amount of spe-
cific food and beverage items in the home. This was
accomplished with five comprehensive in-home assess-
ments, using the direct observation of the presence and
amount of all food items by trained promotora research-
ers, and surveys that identified food-related activities

Figure 2 Pictures taken by promotoras of pantry food contents in Family #3 during weeks 1, 2, 3, and 4.
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within a week of each assessment and time since the last
shopping trip. This is apparently the first study to exam-
ine household food availability among low-income Mexi-
cano families in Texas colonias that are at high risk for
nutrition-related health conditions and food insecurity.
Food availability may be impacted by limitations in safe
food storage and refrigeration, and by a number of cycli-
cal and irregular events including family celebrations,
bouts of acute illness and moments of familial stress By
using five HFIs over a month, this study was better able
to capture the impact of these events and to account for
the flow of food purchases using dimensions of pre-
sence, amounts, and time window for intra-household
variability.
There are several limitations that need to be addressed

in future studies of household food availability. First, the
small sample limited our ability to examine factors asso-
ciated with presence and change in household food
resources. The small sample may bias the feasibility of
multiple HFIs; this will need to be evaluated in larger
studies. Second, the results may not be generalizable
beyond low-income, food insecure, Mexicano families.
However, feasibility of multiple household food inven-
tories and week-to-week variability in food resources
was found in a pilot study of African American and
non-Hispanic White women in an urban area [65].
Third, others have suggested that for a complete picture
of household food purchasing behavior, eating out food
purchases need to be documented [20]; however, the
results of this study demonstrated these households rely
little on fast food, full-service restaurants, or foods pre-
pared outside the home and purchased for in-home
consumption. Fourth, similar to other studies, there is
no consideration given to seasonality. Future plans call
for multiple HFI collected during each of the seasons:
fall/winter, spring, and summer. There were challenges
with accurately documenting the amount of a food item
present (e.g., size of fruit and vegetables). In addition,
the collection of multiple measures of household food
resources by trained data collectors is resource intensive.
Finally, future work will need to address the number
and frequency of HFI necessary to describe “usual”
household food availability. The appropriate number
and time frame for household food inventories may
depend on their purpose. A single HFI may correlate
with a single 24-hour dietary recall; however, a single
HFI may not correlate with multiple 24-hour dietary
recalls or with screening questions that examine an indi-
vidual’s typical eating behavior.

Conclusions
Access to healthy foods can play a pivotal role in the
nutritional health of low-income Mexicano families in
the expanding colonias of the Texas border with

Mexico. Many of these families live in socioeconomi-
cally-deprived neighborhoods; many have a low house-
hold income, lack regular access to a vehicle, and reside
a considerable distance from a supermarket [3]. Since
the availability and accessibility of certain foods within
the home has been strongly associated with food choice
[58,78], documentation of the types and amounts of
foods and beverages usually available in the home,
whether targeting the prevention or management of a
specific disease or condition or as a predictor of eating
behavior in children, adolescents, or adults is critically
important. In responding to methodological concerns in
measuring household food availability [20], the findings
from this study provide detailed information on the
availability and amount of household foods and bev-
erages by conducting multiple, direct observation house-
hold food inventories over a 30-day period. This study
highlights the value of documenting weekly household
food supplies, especially in households where income
resources may be more volatile. Clearly, the data show
that a single HFI may miss the changes in availability -
presence and amount - that occur among low-income
households that face challenges that require frequent
purchase of foods and beverages. In targeting low-
income and limited resource individuals and families,
multiple household food inventories may be valuable for
informing decision-makers, developing nutrition-related
policy, and improving nutrition education. Researchers
must be willing to take the steps necessary for rigorous
measurement of a dynamic, household food environ-
ment. The measurement of household food availability
must take into consideration frequency of income, home
storage and refrigeration, and household number and
composition, especially in underserved areas, where
individuals are at increased risk for nutrition-related
health conditions and household food supplies may not
be consistent throughout the month [68,69]. This will
require sufficient financial and people resources, and
good relations with participants who allow strangers
into their homes on multiple occasions.
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