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ABSTRACT 

Contamination of food may occur at any point during the food distribution channel. However, mishandling of food at 
the last segment of food distribution where food is prepared for consumption often causes outbreaks. Keeping food safe 
in hospitals is particularly imperative because of the population they serve and the potentially hazardous environment. 
This article presents the results of a pencil and paper self-reported survey on the knowledge of Mexican food code, 
NOM-093-SSA1-1994, and field observation of the compliance of the code among the hospital foodservice employees in 
Guadalajara, México. One hundred twenty-seven employees from six public and private hospitals participated in the 
study. Of the respondents, 81.5% were aware of the importance of personal hygiene in food safety. Professional attire 
including hair restraints and mouth cover were always used. These participants, however seldom used thermometers, 
and only 37% of respondents knew the correct temperatures for refrigeration. In most hospitals correct procedures for 
sanitizing food contact surfaces that were prescribed by the sanitizing chemical manufacturers were practiced. Only 
25% of the participants knew that their work was defined by the food code. Strategies for dissemination of the food code, 
and food safety training of the employees are urgently needed. Commitment and support of the hospital are needed in 
order to improve safe food handling practices in these hospitals. 
 
Keywords: Hospital Foodservice, Food Hygiene, Food Sanitation, Food Code, Food Regulation, Food Safety Training, 

Hazard Analysis and Critical Control Point 

1. Introduction 

Foodborne illness is increasingly recognized as a serious 
public health challenge globally. Accurate accounts for 
global incidence of foodborne disease are not available, 
however, it is reported that 1.8 million people died from 
diarrheal diseases in 2005 alone, mainly due to contami-
nation of food and drinking water [1]. A most recent US 
estimate indicates that each year one out of six Ameri-
cans (48 million people) get sick, 128,000 hospitalized, 
and 3000 die from foodborne illness [2]. In México food 
safety is relevant for various national agendas including 
public health, international trade, tourism, agricultural 
production, and national productivity [3].  

A large portion of foodborne outbreaks is attributed to 
the poor handling of food at the food preparation stage in 
Latin American countries, and in the US nearly 40% is 
attributed to foodservice operations [4,5]. It is especially  

important to require stringent control over safe food han-
dling for hospital foodservices, because they serve the 
most vulnerable populations with impaired immunity and 
the possibility of infectious situations in general. Unfor-
tunately numerous reports show that foodborne outbreaks 
in hospitals are often caused by inadequate food handling 
[6,7].  

International organizations such as Pan American Health 
Organization (PAHO), World Health Organization (WHO) 
and Food and Agriculture Organization (FAO) have de-
veloped strategies and recommendations for food control 
system over several decades [8,9]. For hospitals, Joint 
Commission International for Accreditation and Certifi-
cation (JCI) provides internationally participated pro-
grams for quality care and patient safety [10].  

In México, “Programa H”, the first national food safe- 
ty program for foodservice establishments was initiated 
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in 1988 [11]. This program was changed to “Distintivo 
H,” which was eventually elevated to a food standard as 
NMX-F-605-NORMEX-2004. Voluntary in nature, this 
standard is administered by the Ministry of Tourism, and 
requires a certification for food handling training for em-
ployees and annual verification of the sanitary operation 
of the establishment. On the other hand, the Ministry of 
Economy developed mandatory regulations of similar 
scope. Mexican food code NOM-093-SSA1-1994, which 
affected the retail establishments where food and bever-
ages were prepared and served, went into effect in 1996 
[12]. This regulation covered several aspects of foodser-
vice operation; receiving of the incoming materials, 
storage, food handling and cooking, handling of utensils 
and equipment, maintenance of installations and facilities, 
handling of ready-to-eat food, potable water and ice, pest 
control and waste, personal hygiene, transportation of 
food, and monitoring and self verification of the safe 
operation.  

The Objectives of this study were to measure the lev-
els of basic food safety knowledge among hospital food-
service employees in Guadalajara, México, and their 
compliance of the national food code. It was hoped that 
the information compiled in this study may be valuable 
in future endeavors of implementing HACCP programs 
in the hospitals of the region.  

2. Materials and Methods  

2.1. Participating Hospitals 

An invitation to participate in the project was sent to all 
private hospitals (total of 49) and four public hospitals in 
Guadalajara. For the hospitals interested, an intake tele-
phone interview was carried out to obtain information 
including number of beds, number of employees, types 
of services offered, and the existence of training pro-
grams for their employees and the use of food safety 
manuals.  

2.2. Employees Participated in Knowledge  
Survey 

Each hospital selected participants for the survey among 
the employees in various positions. The survey took 
place at a conference room in Centro de Investigación y 
Asistencia en Tecnología y Diseño del Estado de Jalisco, 
A. C. in Guadalajara, except that the public hospital sur-
vey took place at the hospital training facility. 

2.3. Instrument for the Knowledge Survey  

A questionnaire pertaining demographic information and 
18 statements regarding the specific key food handling 
procedures described in NOM-093-SSA1-1994 was con-

structed by the project team members. This questionnaire 
was modeled after several questionnaires used in similar 
studies reported [13-16].  

2.4. Field Observation 

A field observation was carried out by two project mem-
bers (total 6 members) for each hospital. During the ob-
servation, employees were observed for 36 procedures 
described in the NOM-093-SSA1-1994. Generally, it 
took 2 to 4 hours to complete an observation. 

2.5. Data Analysis 

Descriptive statistics were used for the summaries of 
characteristics of hospitals and the survey participants. 
The effects of the demographic variables on the level of 
knowledge was determined by Analysis of Variance and 
Least Significant Difference test (p ≥ 0.05) using STA- 
TGRAPHIC Centurion® software [17].  

3. Results 

3.1. Characteristics of the Participating  
Hospitals 

Five private hospitals with numbers of beds between 25 
and 110, and a public hospital with 1000 beds partici-
pated in this project (Table 1). The responsible persons 
for the foodservice operation were identified as nutri-
tionists, hospital administrators, and foodservice manag-
ers. Apart from the meal service to the patients, all the 
hospitals provided one or more of the following services; 
special meals for medical staff, cafeteria for staff and 
visitors, a restaurant with wait staff, room service, and 
meals for other organizations. None of the hospitals had 
a complete sanitation manual for the entire areas of op-
eration, but all the respondents said that their operations 
adopted NOM-093-SSA1-1994. None of the hospitals 
was certified for “Distintivo H,” but, one hospital pro-
vided training in “Distintivo H” for all the kitchen staff 
in the past without certification, and another hospital was 
preparing for the certification at the time of this project. 
None had a HACCP plan developed for its operation. 

3.2. Demographic Characteristics of the  
Participants  

The number of participants from each hospital varied 
between 2 to 7 for private hospitals and 100 for the pub-
lic hospital (total 127). Out of 118 returned question-
naires, 98 were usable for this report (Table 2). Job titles 
of the participants included hospital administrator, nutri-
tionist, supervisor, cook, cook’s helper, dishwasher, meal 
delivery staff, and wait staff. The most common position 
was cook’s helper. Years of experience ranged between  
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Table 1. Characteristics of the participating hospitals. 

Characteristics No. (n = 6) 

Private 5 
Type of hospital 

Public 1 

25 - 50 3 

51 - 100 1 

101 - 150 1 
No. of beds 

>1000 1 

5 - 10 3 

11 - 15 2 
No. of foodservice 

employees 

>100 1 

Hospital administrator 2 

Nutritionist 3 
Person in charge of 

foodservice operation 

Foodservice supervisor 1 

Patient meals 6 

Meals for medical staff 4 

Cafeteria for staff and visitors 2 

Restaurant & room service 1 

Types of services 
offered 

Special event 3 

Personal hygiene 4 

Purchasing 3 

Storage 3 

Food preparation 4 

Have the following 
manuals 

Cleaning and sanitation 2 

Yes 2 
Food safety training 

for staff 
No 4 

NOM-093-SSA1-1994 Adopted 6 

Certified 0 
“Distintivo H” 

Under preparation 2 

 
“<2 years” and “>20 years” and were somewhat evenly 
distributed within this range. Age was also evenly dis-
tributed between 20 and 65. Education level also showed 
a somewhat even distribution among elementary school 
(<6 years), secondary school (6 - 9 years), and high 
school (10 - 12 years). A small number of participants 

attended technical schools and professional programs.  

3.3. Effect of Demographic Variables on the  
Level of Knowledge 

As shown in Table 2, the high individual variations in 
scores for the 18 food safety statements resulted in large 
standard deviations for the means. In terms of the posi-
tions of the participants, nutritionists scored highest with 
a 73.2% mean correct responses. The title “dietitian” 
pertained rather different responsibilities among the par-
ticipants in this study than the “dietitians” in other coun-
tries where it is the title for a professional who is often 
responsible for clinical aspect of diet for patients. In this 
study dietitians reported to foodservice supervisors and 
were responsible for the delivery of trays delivered to the 
correct patients. Their knowledge level was not as high 
as foodservice supervisors or cooks. Age, gender, years 
of experience or schooling was not significantly related 
to the level of knowledge of the participants. It was no-
ticeable that the mean score for the employees of private 
hospitals was 10 point higher than that of the employees 
of public hospital. However, the variations in both 
groups were extremely high.  

3.4. Participants’ Level of Knowledge Regarding  
Safe Food Handling 

Among five key food-handling areas in the questionnaire 
(Table 3), the highest level of correct responses was 
found in personal hygiene (83.2%). All but one partici-
pant said they knew the importance of hand washing. 
The majority of the participants (82.3%) knew the pro-
cedures preventing cross-contamination. However, only 
40% of respondents knew that it is required to use a 
thermometer to monitor temperatures of potentially haz-
ardous food (PHF) during food handling. About 31% of 
the participants said they knew the final minimum inter-
nal cooking temperatures of PHF. Furthermore, only 
37.1% of the respondents knew the required refrigeration 
temperature, and only 25.5% knew that their daily work 
activities were described in nation’s regulation. 

3.5. Field Observation of the Operation 

As shown in Table 4, the most outstanding but basic 
deficiency was the absence of hand washing stations in 
the food preparation area. Only two out of four hospitals 
had the hand washing sink within the food prep area. The 
work attire of the workers including uniforms and hair 
and mouth coverings was kept in clean and well-main- 
tained condition. Generally storage management princi-
ples such as “First-In, First-Out” method are seldom 
practiced, and cleaning and sanitizing chemicals were-
stored in the same area with foodstuff. Preventive pro-     
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Table 2. Demographic characteristics of the participating employees and their knowledge level. 

 No. (n = 98) Scores (% correct response) Mean ± Std. Dev. 

Administrator 1 61.1 ± 0.00abcd 

Nutritionist 6 73.2 ±12.38a 

Supervisor 3 70.4 ± 19.51abc 

Dietitian 10 57.2 ± 24.57abc 

Cook 16 63.2 ± 17.20ab 

Cook’s helper 49 51.7 ± 14.23c 

Storeroom steward 1 50.0 ± 0.00abcd 

Dish washer 1 33.3 ± 0.00bcd 

Position 

Other: distributor, server 11 39.5 ±15.15d 

>2 17 53.0 ± 13.26 

2 - 7 27 52.6 ± 19.00 

8 - 13 29 61.7 ± 18.77 

14 - 19 9 52.8 ± 15.43 

Years of experience 

>20 15 53.6 ± 18.42 

20 - 30 21 57.6 ± 13.46 

31 - 40 30 58.2 ± 18.20 

41 - 50 27 54.8 ± 17.37 
Age 

>51 20 49.3 ± 15.25 

Male 38 55.4 ± 18.45 
Gender 

Female 60 54.5 ± 17.56 

Elementary (<6) 24 51.6 ± 18.65a 

Middle school (6 - 9) 31 50.9 ± 19.26a 

High school (9 - 12) 25 53.2 ± 18.30a 

Technical degree (9 - 12) 6 64.3 ± 14.05ab 

Position 

Professional degree (12 - 16) 12 65.7 ± 13.96ab 

Private 28 61.7 ± 26.27a 
Type of hospital employed 

Public 70 51.7 ± 27.36a 

abcd: The means with the same subscript are not significantly different at p ≤ 0.05 by Least Significant Difference Test. 

 
cedures for cross-contamination as well as disinfecting 
fresh produce were well practiced in most hospitals. 
Thermometers are seldom used in most of the operations 
to monitor final internal minimum cooking temperatures 
or to maintain the temperature of the refrigerators or 
holding equipment. Another overlooked practice is sani-
tizing tableware and eating utensils. The majority of the 
hospitals did not measure the amount of the sanitizing 
solutions or follow correct procedures specified by the 

manufacturers as described in the food code. 

4. Discussion 

Three major risk factors identified by the field observa-
tions of the operations were: 1) Lack of hand washing 
stations in the food preparation area, 2) Failure of main-
taining the refrigeration temperature at or below 7˚C, and 
3) Failure to clean and sanitize food contact areas cor- 
rectly including patient tableware and eating utensils. All   
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Table 3. Survey results of the participants’ knowledge on safe food handling procedures described in NOM-093-SSA1-1994. 

# of Responses (n = 98) 
 Questions 

Correct Incorrect Don’t know

Washing hands is the one of the most important factors in safe food handling. 97 0 1 

I use my fingers to handle ready-to-eat food. 85 12 1 

I keep my finger nails polished because they do not pose any risk to safety of food. 82 10 6 

When I have diarrhea I should not report to work or handle food at work. 62 29 7 

Personal 
hygiene 

Mean/% 81.5/83.2% 12.8/13.6% 3.8/3.9%

I use same cutting board to cut raw meat and then salad ingredients without washing 
and sanitizing. 

80 13 4 

I use same cutting board for raw meat as well as cooked meat without washing. 86 7 4 

I store raw meat below ready-to-serve food in a refrigerator. 76 14 5 

Cross- 
contamination 

Mean/% 80.7/82.3% 11.3/11.5% 4.3/4.4%

I use thermometer to measure the temperature of meat when I cook at work. 39 38 20 

The final cooking temperature for poultry is 74˚C. 33 19 43 

The final cooking temperature for ground meat is 68˚C. 23 22 50 

The final cooking temperature for fish is 63˚C. 26 19 50 

Final  
minimum  

internal cooking 
temp for PHF 

Mean/% 30.5/31.1% 24.5/25% 40.8/41.6%

When holding hot food, the temperature of food needs to be maintained at 60˚C. 48 13 34 

When holding cold food, the temperature of food needs to be maintained at 7˚C. 43 20 32 

I don’t need to measure temperature of food at my work. 26 52 17 

I keep cooked or leftover foods on the counter for one day as long as it is covered. 71 18 6 

I keep the temperature of the refrigerators at my work at 7˚C at all times. 36 31 28 

Temperature 
danger zone 

for PHF 

Mean/% 44.8/45.7% 26.8/27.3% 23.4/23.9%

The regulation regarding safe food handling at my work is defined by the food code, 
NOM-093-SSA1-1994 

25 11 59 

Are you familiar with “Distintivo H”? (yes, or no) 25 - 70 
Food safety 
regulations 

Mean/% 25/25.5% 5.5/5.6% 64.5/65.8%

 
of these three procedures are fundamental safe food han-
dling procedures that are prescribed in Mexican food 
code NOM-093-SSA1-1994.  

In terms of hand washing practice, all the participants 
in this study knew that hand washing is important for 
food safety; however, it is difficult to practice frequent 
hand washing while working in the food prep area due to 
absence of hand washing sink. This problem has been 
reported in similar studies from other countries where 
kitchen infrastructures are not up to date [14]. Campaigns 
to reduce infection by frequent hand washing in health 
care facilities and foodservices are advocated globally 
[10,18,19]. 

Another important personal hygiene practice is not to 
report to work when one has diarrhea. In this study one 
third of the respondents did not know this requirement. 
There may be various factors related to this problem; not 
being able to find a substitute worker on the part of man-
agers, and/or not willing to lose the day’s wage on the 
part of the employees.  

The range of refrigerator temperatures observed in this 
study was 5˚C - 10˚C, with only 2 hospitals keeping their 
refrigerator under 7˚C. The simple essential rule of food 
safety, “time and temperature principle” of microbial 
growth should be emphasized to these participants. In the 
US where foods are frequently prepared in large quantity   
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Table 4. Summary of field observation of food handling practice described in NOM-093-SSA1-1994. 

Observation (n = 6) 
 Food Handling Procedures* 

Yes No N/Oa 

All the employees practice GMP and work clothes are kept clean. 4 2 - 

Hand washing sink is available within the food preparation area. 2 4 - 

Employees wash their hands after handing raw meat and other possible contamination of 
their hands. 

5 1 - 
Personal hygiene 

Employees wash their hands after using bathroom. 4 - 2 

Take temperature of the frozen (−18˚C) and refrigerated (<7˚C) products when arrived. 1 5 - 

Do not accept the canned products that are dented or seams are damaged. 6 - - 

Purchase food products only from approved sources. 1 4 1 
Receiving 

(incoming raw PHF) 

Accept dry goods in good condition including well dried, no presence of insects or damaged 
packages. 

2 4 - 

Entire storage area is maintained in good storage condition: Dry Storage <20°C, cold stor-
age 0 - 7˚C, and frozen storage −18˚C 

2 4 - 

Cleaning products and chemicals are separate from food. 2 4 - 

When storing cooked and raw meet in the same area, cooked meat is stored above the raw 
meat in order to prevent cross contamination 

4 2 - 

Stamp the date of receipt on the packages in order to practice First-In, First-Out method. 3 3 - 

PHF are stored no longer than 7 days at 7˚C after preparation. 3 3 - 

Storage 

Pesticides, detergents, sanitizing chemicals are stored in the original containers with dates 
marked separate from foodstuff. 

2 4 - 

Use different cutting boards for raw meat, vegetables, and ready-to-eat food in order to 
prevent cross-contamination. 

6 - - 

Separate raw ingredients from ready-to-eat food during preparation. 6b - - 

Potable water is available at all times. 6 - - 

Wash and sanitize fresh produce. 6c - - 

Preparation 

Use appropriate rapid thawing methods. - - 6d 

Following minimum internal final cooking temperatures are practiced: 63ºC for meat and 
fish, 68˚C for ground meat, and 74˚C for poultry . 

2 4 - 
Cooking 

Use thermometers to monitor the temperature of food. 2 4 - 

Use clean and sanitized utensils for handling ready-to-eat food, and no bare hands are used. 4 2 - 

Hot foods are held at 60˚C, and cold food at 7˚C. 5 1 - 

When potentially hazardous food had been held between 7˚C and 60˚C for longer than 4 
hours, it should be reheated to 74˚C before serving. 

- - 6e 
Holding and serving 

Rapid cooling methods are used. - - 6e 

Food contact surfaces should be washed and sanitized after each use. 2c 4 - 
Washing 

and sanitizing Follow the sanitizing methods and the necessary concentrations according to the instructions 
by the manufacturers. 

1 5 - 

Insects and pests are under control. 5 1 - 
Pest control 

Trash containers are equipped with plastic lining and lid. 4 2 - 

*The original observation form had 36 items. Some with similar components are omitted in this table; aNot Observed; bEven if practiced, consistent practice was 
not observed; cAlthough sanitizing was practiced, the concentrations of the chemicals are not measured nor monitored. Methods of washing and disinfecting 
were not consistent with the recommendations from the manufacturers; dMost of the hospitals used fresh meat rather than frozen meat. Therefore not much 
thawing was practiced; eGenerally foods are prepared on the same day as consumption. Therefore cooling or reheating processes were not applicable for these 
acilities. Leftovers were often given away or discarded. f 
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and held over longer than 6 hours, failure of proper cold 
holding of potentially hazardous food was found to be 
the most frequent cause of foodborne illness outbreaks in 
retail establishments [20]. However, most of the hospitals 
participated in this study were using the food production 
system of “Preparation for same day service.” This sys-
tem renders food handling simple without the necessity 
of cooling, holding, or reheating of the prepared food 
[21]. 

Another area of observation was cleaning and sanitiz-
ing food contact areas. The absence of appropriate clean- 
ing and sanitizing procedures for tableware and eating 
utensils in these hospitals raised concern, because ac-
cording to a US Food and Drug Administration (FDA) 
study, the second most prevalent risk for the foodborne 
illness outbreaks reported was the failure of cleaning and 
sanitizing surfaces/utensils [20]. For most of the sanitiz-
ing chemicals sold in the market, a three-compartment 
sink is recommended for a three-step procedure, namely, 
wash, rinse and sanitize. This system assures the proper 
sanitizing process because the presence of organic matter 
reduces the effectiveness of the sanitizing agent, espe-
cially chlorine-based agents which are the most fre-
quently used in the food industry. In situations where 
three-compartment sinks are not available, improvisa-
tions to simulate the three-step process can be made to 
assure the effectiveness of the sanitizing agents [20].  
However, in four of the six participating hospitals, the 
disinfecting agent was added to the wash water along 
with detergent in the first tank, and then rinsed off in the 
second tank.  

Also noted was that these hospitals did not measure 
the sanitizing chemicals, just as the observation reported 
in a study in Turkey [15]. Therefore in some cases con-
centrations in the wash tank were much higher than the 
recommendations (50 - 100 ppm chlorine, 12.5 ppm for 
iodine, and colloidal silver). In one case, disposable ta-
bleware and eating utensils were used in order to elimi-
nate ware-washing procedure. This method, albeit con-
venient, raises concerns for environmental issues.  

An additional problem identified was the lack of pur-
chasing and receiving programs that may foster food 
safety. The suppliers are often small operations, and de-
livery is frequently informal. Inspection at the time of 
delivery is not often practiced. It will be necessary for 
these hospitals to set up purchasing policies, or quality 
standards to receive safe food supplies. Receiving pro-
cedures for raw materials should also be set up to include 
visual inspection, temperature measurement, and other 
methods of quality testing for potentially hazardous in-
gredients before the materials enter the operation.  

The knowledge level of the participants varied with 

the area of operation. Personal hygiene procedures such 
as the importance of hand washing and use of clean work 
attire and hair and mouth covering are well understood 
and impeccably practiced among these respondents. 
More technical information such as the temperature re-
quirements, however, is poorly known. In general the 
current findings are in agreement with the studies carried 
out in Italy, Turkey, and Iran as well as in the US [13-16, 
22-24]. 

5. Conclusions 

The findings of this study delineated the areas that need 
training for the hospital food-handlers in order for them 
to practice satisfactory food safety control measures. As 
indicated in the current study and the studies from other 
countries, elevating the level of food safety knowledge 
and practice among the foodservice employees is ur-
gently needed. 

Strong leadership and employee supportive style of 
management that foster good hygiene practice are neces-
sary for the success of employee training. Particularly, 
the emphasis should be placed on the hospital admini-
stration to provide necessary resources. Often proper 
physical facilities such as a refrigerator that keeps the 
temperature below 7˚C and the hand-washing sink near 
food preparation area, are needed to practice good hy-
giene and comply the regulations. 

On March 1, 2010, Secretary of Health of México an-
nounced an upcoming new food code, NOM-251-SSA1- 
2009, Hygiene practice for food, beverage and supple-
ment processes. This code replaced the NOM-093, and 
became effective on December 17, 2010 [25]. The NOM- 
251 contains an additional section on employee training 
including personal hygiene, natures of food products, 
preparation methods and the associated contamination 
possibilities, degree of processing after the preparation 
and before the final consumption, reception and storage 
of the raw ingredients, the expected length of time before 
consumption, repercussion of contaminated product in 
the consumer’s health, and knowledge of the food code. 
Another important inclusion in the NOM-251 is the pro-
vision for HACCP. The findings reported in this article 
may serve as bases for developing effective training ma-
terials aimed at the front-line foodservice employees, and 
strategies for implementing a HACCP program. Food 
code provides standards for the foodservice operators to 
confirm. Inclusive food code combined with regular in-
spection for guidance and surveillance is the key to the 
national food safety.  

Each year millions of foodborne illness cases and out-
breaks result from various biological agents including 
rotavirus, Salmonella spp, E. coli, Campylobacter jejuni, 
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Shegella spp, Listeria monocytogene, and Giardia lam-
bilia, to name a few. These agents can be effectively con- 
trolled by the application of time and temperature princi-
ple, proper personal hygiene, and protection of equip-
ment from contamination. Training of food handlers on 
these technical principles should be essential for com-
bating foodborne illness. Nationwide dissemination of 
food code and employee training are the primary steps in 
food safety in these hospitals and beyond. 
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