DEVELOPMENT OF APPROPRIATE EDUCATIONAL TOOLS
AND SAFE PRODUCTION PROCESSES FOR FOOD PRODUCTS
PACKED IN HERMETICALLY SEALED CONTAINERS
FOR THE COTTAGE INDUSTRY IN THAILAND

EKKAWIT SAENKHUM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR

THE DEGREE OF MASTER OF SCIENCE
(FOOD AND NUTRITION FOR DEVELOPMENT)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2005

ISBN 974-04-6067-4
COPYRIGHT OF MAHIDOL UNIVERSITY



Thesis
Entitled

DEVELOPMENT OF APPROPRIATE EDUCATIONAL TOOLS
AND SAFE PRODUCTION PROCESSES FOR FOOD PRODUCTS
PACKED IN HERMETICALLY SEALED CONTAINERS
FOR THE COTTAGE INDUSTRY IN THAILAND

Mr. Ekkawit Saenkhum,
Candidate

Assoc. Prof. Visith Chavasit,
Ph.D.
Major-Advisor

Mr. Yuthana Norapoompipat,

M.Sc.
Co-Advisor
Assoc. Prof. Rassmidara Hoonsawat, Assist. Prof. Anadi Nitithamyong,
Ph.D. Ph.D.
Dean Chair
Faculty of Graduate Studies Master of Science Programme in

Food and Nutrition for Development,
Institute of Nutrition



Thesis
Entitled

DEVELOPMENT OF APPROPRIATE EDUCATIONAL TOOLS
AND SAFE PRODUCTION PROCESSES FOR FOOD PRODUCTS
PACKED IN HERMETICALLY SEALED CONTAINERS
FOR THE COTTAGE INDUSTRY IN THAILAND

was submitted to the Faculty of Graduate Studies, Mahidol University
For the degree of Master of Science (Food and Nutrition and Development)

Miss Tipvon Parinyasiri,
Ph.D.
Member

Assoc. Prof. Rassmidara Hoonsawat,

Ph.D.

Dean

Faculty of Graduate Studies
Mahidol University

on
27 April, 2005

Mr. Ekkawit Saenkhum,
Candidate

Assoc. Prof. Visith Chavasit,
Ph.D.
Chair

Mr. Yuthana Norapoompipat,
M.Sc.
Member

Assoc. Prof. Emorn Wasantwisut,
Ph.D.

Director
Institute of Nutrition
Mahidol University



ACKNOWLEDGEMENT

The success of this thesis can be attributed to the extensive support and
assistance from my major advisor, Assoc. Prof. Visith Chavasit for his guidance,
invaluable suggestion, supervision, kindness and encouragement which enabled me to
fulfill this study.

I wish to also thank my co-advisor, Mr.Yuthana Norapoompipat and
Dr.Tipvon Parinyasiri. | deeply thank them for their valuable advice and guidance in
this research.

I would like to thank Ms.Suvannee Promchan, and members of farm women
group nationwide for their kindness, cooperation and participation in this study.

I would like to show my appreciation extending to all staffs of
Communication and Behavioral Science Division and Food Science and Technology
Divisions for their kindness, help, suggestions and valuable comments.

Grateful acknowledgement is extended to the Food and Drug Administration
(FDA), Ministry of Public Health for the research grant.

Special thanks to all my friends for their helps and encouragement.
Finally, I am grateful to my family for their financial support, entirely care,

and love. The usefulness of this thesis, | dedicate to my mother, my father, and all the
teachers who have taught me since my childhood.

Ekkawit Saenkhum



Fac. of Grad. Studies, Mahidol Univ. Thesis / iv

DEVELOPMENT OF APPROPRIATE EDUCATIONAL TOOLS AND SAFE
PRODUCTION PROCESSES FOR FOOD PRODUCTS PACKED IN
HERMETICALLY SEALED CONTAINERS FOR THE COTTAGE INDUSTRY IN
THAILAND

EKKAWIT SAENKHUM 4336512 NUFN/M
M.Sc. (FOOD AND NUTRITION FOR DEVELOPMENT)

THESIS ADVISORS : VISITH CHAVASIT, Ph.D.(FOOD SCIENCE),
YUTHANA NORAPOOMPIPAT, M.Sc.(PUBLIC HEALTH ADMINISTRATION)

ABSTRACT

Food products packed in hermetically sealed containers have been produced in
the cottage industry for decades; however, the involved parties, i.e. government
extensionist and producers are still lacking knowledge on safe production and
appropriate quality assurance processes. The products have a high risk of botulinum
poisoning, since they have pH and water activity values higher than 4.6 and 0.85,
respectively, and are processed under improper conditions. Educational tools were
therefore developed in order to provide basic knowledge on the botulinum toxin and
specific information on safe production processes for small-scale producers. The 1%
set of tools, including a video tape and pamphlet, was in play style containing
information on Clostridium botulinum. The knowledge test given to 130 subjects
including 41 government officers and 89 producers, indicated that on average all
groups improved from < 50% to 80% (76% for producer and 90% for officer groups).
The pilot-scale study indicated the feasibilities for improving safety of food products
that were normally produced in the cottage industry i.e. at least 13 kinds of food
produced as acidified and acid foods (pH < 4.6) and 2 kinds of low water activity food
(aw < 0.85). Acids used for acidification were citric and malic at 0.017 - 0.55% of
packing media. Deep frying and salt-adding were used for lowering water activities of
canned frog and bottled curry paste, respectively. Process modifications were
required in certain products to obtain the target pH, i.e. bamboo shoot needed to be
boiled twice to remove natural buffering agents; pork needed to be excluded from the
original recipe. Details of the developed production processes were included in video
tape and booklet and tested for its effectiveness on 126 subjects including 5
government officers, 34 canned bamboo shoot producers, 42 traders and 45 vocational
students. The post-test results indicated that the producers obtained a score of only
29.4%, while the government officers and extensionists could obtained 90%. This
latter tool was more appropriate to academic and extensionist professionals due to lots
of detail and a wide variety of information.

KEY WORDS : Clostridium botulinum / ACIDIFIED FOOD / EDUCATIONAL
TOOLS / WATER ACTIVITY / COTTAGE INDUSTRY /

THAILAND
152 P. ISBN. 974-04-6067-4.




Fac. of Grad. Studies, Mahidol Univ. Thesis / v

7 4 { a { [ a o L4 {
ﬂ'li‘WﬁHu'lﬁ@fﬂiﬁﬂ‘bﬂﬁﬂ’iNWgﬁNLLﬁﬁﬂigiJ'JufniWaGlﬁﬂﬁﬁ]ﬂﬂfﬂlﬁ)\iWaﬁﬂm“ﬂﬂWﬂWiﬁUiiﬂ1Uﬂ1%u$

Wlagiindmsugaamnisuas noululszma’lng (DEVELOPMENT OF APPROPRIATE

EDUCATIONAL TOOLS AND SAFE PRODUCTION PROCESSES FOR FOOD PRODUCTS
PACKED IN HERMETICALLY SEALED CONTAINERS FOR THE COTTAGE INDUSTRY IN
THAILAND)

nINg uaudl 4336512 NUFN/M

m.u. (emsuaz Tnsuimsiiensiaun)

aAaaov J

a a J . an a
AULNITUMINUANIMGIUNUS . 0T WIwan, Ph.D., gnsur Usgunayy, M.Sc.

UNAAYD
A A a Yo ' A = Aa ' Ty 3 v a o
psnussylumauznaaiinldasumsauasuliimswaalunguuidunyasnsuniunanivdul

- 9

' 2 ad 4 v Yy 1y 9y A a v Y Y
fJfJNU],ﬁﬂGHiJ NIANINYIVD ‘lmm IR HINAIATINMUUINTUTTY LLﬁ%Qﬂi%ﬂﬂUfﬂi ﬂwmmmﬂu

B}

@ = a o J

a ) Y 491 A A a dy a A Ao
ﬂi%'ﬂ?uﬂﬁWﬁmLﬁ%ﬂﬁ%ﬂuﬂﬂlﬂ1W Fypaina lrandunludlouasnyninannFenaoansAgy Tuuauu

v
1A '

e nnanfuaiiariiaiesuInni 4.6 uazlinnomesueniingandi 0.85 uaziidsmsnaauazaIug
U AR T o A = d' £ ~ A A v
Auawi minzay auiuddlaimsianndemsinmimunzaniuin Tastitlemaseuagulusesniug
& 4 o & 2 a ad ~ da g o o = aa a &
nugRgINurenasansfen TunatvuasaINENAAMINFAINGTD TINDINTTNITAINANDIMIINUIITY
ia a A4 R o < 4 { y ado o
Tumyuzdtaainimnzavdmsudilsenoumsvuna@an demsanigain 1 UszneudredeIasiailu
Y o 14 sldy = @ d’l aa a o
JUnuvazas ndeuduenaisilszneumsIianuinugiunsnusenasansfen Tunatiy MInageunIw
. y 2 22 S
peAn N3 vesdoyail lddnadeunsdn 130 au Usznoudredmiinaiasguia 41 au nazdsznounis 89
o 4 9 A ) A & 7 : ' 9 Vo v
AY WA INFUABUAD AZUUUINATVDIANATOUNUIY 910 <50% 1111 80% (nquuaitiua 145y 76% tazid
o g A < 9 { a { a
w1851 90%) lumiseinaseiimuniinnuiul1dlumsdsvasunszuiumswdavesomsiingasin
@ A Y a @ a @ A o
gaamnIsuasuseouliinannulasadslunsnsian Tasaunsolsvaninnsa (Mo < 4.6) 311U
a o J g aa Y o a a { o a A
13 siauazaInlivanaemesenAIn (< 0.85) 1 2 wila  iavesnsaminnldaensadasnuas
a =} a :’ A :’ A A g} VA Yy 9 1 4 Qrady
nsaman Tagiimsanasluingen iunde wietulamanududu 0.017 - 0.55% MIaAA1IBINDIIOAAIA
o F% A a A :’ a dy [ Y a o =
mldlagmaneanseununiemmnae linihminun wenniniilumsdsuanimnsaervdesdimsisunlaon

1A

a & A QY a o da & v ! a Yy R
NITUIUNTHNAAVNUUADU LW'E]G];WWaﬂﬂm“ﬂuﬂ’]WLﬂ%ﬂﬂﬁJﬂﬂﬁﬂ’li LBU GlUﬂWiWﬂﬂwu@UlﬁJ Wﬂﬂﬂi\lﬁu@uhflu

A 1

J ] S A o o o A "y - Yy A o A A
LHL‘]JEH 2 N33 LWBﬂﬁ]ﬂﬁﬁ‘UWL‘V‘I’E}’i‘ﬂllﬂgclu‘l’iuﬁlIliJE]’Elﬂ wsa“luuﬂmawmmmuaﬂuaaﬂmﬂﬁmmu

a H a A A =2 = £ y A ado <
s1eazBenvesTuaouNIHaneIMsa1iegludenisAnuigah 2 Felszneudlrsdedanminaziondis
4 N v ¢ < ! a . $
Usznen doyaillasunmsnagevesining lasiignadou 126 av fludmihn s au Anaanmie ldussyily

34 A WO 42 AU Az iNANE101392 45 Au Taednannde liiazuunldies 29.4% Tuaagidmdhn’ld

! ] Y
A A A

£ ' '
AZLUUGINTT 90% 1nHanmIsnadeuil wud1 deyai 2 uz i lwonws s udatiaugiuanuinig

a Y Y A a A ay a =
AFINITNOTUAITHALLA TN UINTUTTY (HDINNUVDUANASIDYALASHAINUAININ

U

152 wi. I1SBN 974-04-6067-4




CONTENTS

ACKNOWLEDGEMENTS ..o e

ABSTRACT

LIST OF TABLES ...
LIST OF FIGURES ..ot

CHAPTER
1
2
3

INTRODUCTION
OBJECTIVES
LITERATURE REVIEW
3.1 Foodborne botulism
3.1.1 Clostridium botulinum characteristics
3.1.2 Botulism
3.1.3 Outbreaks of Clostridium botulinum
3.2 Effect of pH on the growth of Clostridium botulinum
3.3 Effect of water activity (ay) on the growth of
Clostridium botulinum
3.4 Classification of canned foods
3.5 Canning process of acid foods and acidified low-acid foods
3.5.1 Handling and storage of empty cans/containers
3.5.2 Cleaning empty cans/containers
3.5.3 Product preparation
3.5.4 Filling
3.5.5 Closing (seaming)
3.5.6 Processing
3.5.7 Cooling
3.5.8 Handling and storage of filled cans
3.6 Acidification technique

Page

o o A A AN W R

11

11
12
13
13
13
15
15
16
16
17
18



CONTENTS (cont.)

MATERIALS AND METHODS
4.1 Safety evaluation of the production processes used
at the cottage industries
4.2 Production of media on basic knowledge of
botulinum toxin and preventive measures
4.2.1 Script preparation
4.2.2 Media making
4.2.3 Effectiveness test of video tape and related media
4.3 Modification of the production processes for safety purposes
4.4 pH meter verification
4.5 Production of media for educating the modified processes
4.5.1 Script preparation
4.5.2 Media making
4.5.3 Media effectiveness test of video tape and instruction
manual
RESULTS
5.1 Effectiveness test of 1* video tape and related media on
basic knowledge of botulinum toxin and preventive measures
5.2 Modification of the production processes for safety purposes
5.2.1 Process modification of sampled products
5.2.2 Type and concentration of acid needed for product
acidification and cut-off pH of the products
5.2.3 Water activity (aw) of the sampled products
5.3 Verification of different kinds of pH meter used for quality
Assurance
5.4 Effectiveness test of 2™ video tape and related media of

the modified processes

Vii

Page
19
19

19



viii

CONTENTS (cont.)
Page
6 DISCUSSION 49
6.1 Effectiveness test of video tape and related media on basic 49
knowledge of botulinum toxin and preventive measures
6.2 Modification of the production processes for safety purposes 49
6.3 Verification of different kinds of pH meter used for quality 52
Assurance
6.4 Effectiveness test of video tape and related media of 52

the modified processes

7 CONCLUSION 53
REFERENCES ... 54
APPENDIX .o 57

BIOGRAPHY ..o 152



LIST OF TABLES
Tables Page

1 Groups of Clostridium botulinum, toxins formed and main 5
species affected

2 Handling and storage of cans 14

3 Results of effectiveness tests of the 1% video tape in officers, 25
producers and all subjects

4 pH of water used for boiling bamboo shoot at different stages 28
before and after acidification

5 Type and concentration of acid needed for product acidification 42

and cut-off pH of the products

6 Water activity (ay) of the sampled products which were produced 45
in the study
7 pH values of various products which were read from different 46

hand-held meters as compared with the readings from table-top
pH meter

8 Scores of effectiveness test of the 2™ set of media in officers, 48
producers, traders and vocational school students



LIST OF FIGURES

Figures

1 Former and modified processes of bamboo shoot in water
packed in 20-liter metal container

2 Former and modified processes of canned aloe vela drink

3 Former and modified processes of canned attap fruit
(Arenga pifiata) in syrup

4 Former and modified processes of canned bamboo shoot in water
Former and modified processes of canned cassia leaf
(Cassia siamea Lam.) in water

6 Former and modified processes of canned cha-muang leaf
(Garcinia cowa Roxb.) curry soup

7 Former and modified processes of canned longan in syrup

8 Former and modified processes of canned nata de coco in syrup

9 Former and modified processes of canned nata de coco with
pineapple in syrup

10 Former and modified processes of canned neem blossom
(Azadirachta indica A. Juss.) in brine

11 Former and modified processes of canned rambutan in syrup

12 Former and modified processes of canned Termitomyces
mushroom in brine

13 Former and modified processes of canned toddy palm in syrup

14 Former and modified processes of canned water chestnut in syrup

15 Research conceptual framework

Page

27

29
30

31
32

33

34

35

36

37

38
39

40
41
64



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Food and Nutrition for Development) / 1

CHAPTER 1
INTRODUCTION

Low-acid foods packed in hermetically sealed containers, which have been
underprocessed, can be contaminated with a lethal toxin called botulinum. The toxin
is produced by bacteria called Clostridium botulinum during its spore germination
process, and can cause dysphonia, dysphagia, dry mouth, symmetrical flaccid paralysis
and dead (1, 2).

According to epidemiological investigation, at least 2 cases of botulism outbreak
caused by bamboo shoot packed in metal container produced from cottage industries
were reported in Thailand. The 1% outbreak was found in December, 1997 at Mae Sod
District, Tak province. One patient was reported dead while 6 cases were hospitalized
and had the symptom of neurological features, and 4 had gastrointestinal symptom, 4
of them required mechanical ventilation. The 2" outbreak in Nan province in 1998
was also from the consumption of the same product that was produced from the same
manufacturer. Thirteen cases were hospitalized and 2 of them were dead (3, 4, 5).
Both outbreaks clearly indicated the risk in consuming low acid foods packed in
hermetically sealed containers, which have been improperly processed and quality-
assured. In fact, such problem in Thailand could be worse since the botulism
symptom is still not well known therefore many cases might not be reported.

Foods packed in hermetically sealed container that were produced from cottage
industries were the most concern since most producers lacked of knowledge and skill.
Therefore, the significant food safety issues are always neglected. Saengsuratham (6)
reported that the cottage industries had uniqueness in using their habitat knowledge in
producing the product from locally available raw materials. However, the report also
indicated that cottage industries, which produced low acid canned food, did not pass
the Thai FDA requirement for Good Manufacturing Practices (GMP) (7). Both
extensionist officers and producers did not quite understand the processing principle

for low acid canned foods. Most producers also did not have suitable equipment for
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production and quality assurance of the low acid canned food. Such situation certainly
affects the sustainability of these businesses, which in future will consequently destroy
the grass root economics of the country. Therefore, development of appropriate tool
for providing knowledge to both officer and producer was required along with

research on suitable process, which was practical for this level of industry.
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CHAPTER 2
OBJECTIVES

Objective:
To develop appropriate educational tools and safe production and quality
assurance processes of low acid foods packed in hermetically sealed containers for

cottage industry in Thailand.

Specific objectives:
1. To develop mediafor providing information concerning botulinum toxin in
low-acid canned food
2. To test the effectiveness of the media on botulinum toxin information
3. To modify the normally practice production and quality assurance processes by
using acidification and dehydration techniques
4. To develop media for providing the information on the modified processes

5. To test the effectiveness of the media on the modified processes
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CHAPTER 3
LITERATURE REVIEW

3.1 Foodborne botulism

Food processing is undertaken on a large scale to meet consumer demands for a
variety of foods. Because of its widely spread, Clostridium botulinum may find their
way to contaminate into processed foods through raw materials or by post-processing
contamination of foods. CI. botulinum can grow in foods that provide a suitable
environment and can cause botulism in humans who consume contaminated food.
Unless food manufacturers and consumers take preventative measures to eliminate CI.
botulinum or to inhibit its growth and toxin production, outbreaks of botulism will
occur (1).

3.1.1 Clostridium botulinum characteristics

A gram-positive, spore-forming, anaerobic bacterium called Clostridium
botulinum can form a health hazardous and powerful neurotoxin. The spores are heat-
resistant and can survive in foods that are incorrectly or minimally processed. It is the
most concern to home and commercial canned food producers since it produces a
deadly toxin and can be easily found everywhere in the world then contaminate to raw
materials. These certain strains prefer a protein diet and are also called putrefactive
anaerobic bacteria. It grows best in the absence of air or oxygen and is a spore former.
Temperatures between 30°C and 37°C are optimum for its growth however growth can
occur at any temperature between 4°C and 38°C. The produced immunological
neurotoxins are differentiated into 7 types by the nature of the toxin (A, B, C, D, E, F
and G). Human botulism worldwide is almost always caused by toxins for types A, B
and E, although a few cases of type F have been reported (Table 1). In the other hand,
type C, D and G are usually not associated with human botulism (2, 7, 8, 9).
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3.1.2 Botulism

Foodborne botulism (as distinct from wound botulism and infant botulism)
is a severe type of food poisoning caused by consuming a food in which CI. botulinum
has multiplied and produced the toxin. Symptoms usually occur within 12 to 36 hours
but can occur as well within 2 hours or after as long as 8 days. Nausea and vomiting
often precede other symptoms and probably are not caused by botulinum toxin but by
other substances produced by CI. botulinum during its growth in food. The neurotoxin
first affects neuromuscular junctions of the head and neck, preventing the passage of
stimuli from motor nerves to muscles and resulting in double vision, inability to focus,
drooping eyelids, thickness of speech, and inability to swallow or to speak clearly. As
disease progresses, there is increased muscle failure until muscles needed for breathing
or the cardiac muscles fail and death follows. The shorter the incubation period, the
more severe the illness and the higher the fatality rate, which have been below 10% in
recent years. Death is usually by paralysis of respiratory muscles (10).

The botulinum toxin is heat labile and can be destroyed if heated at 80°C for
10 minutes or longer. The incidence of the disease is low, but the disease is of
considerable concern because of its high mortality rate if not treated immediately and
properly. Most of the 10 to 30 outbreaks that are reported annually in the United
States are associated with inadequately processed, home-canned foods, but
occasionally commercially produced foods have been involved in outbreaks.
Sausages, meat products, canned vegetables, fruits and seafood products have been the
most frequent vehicles for human botulism (2).

3.1.3 Outbreaks of Clostridium botulinum

a. International outbreaks

Foodborne botulism outbreaks caused by CI. botulinum in the United States
are separated into 2 periods. In the period 1899 — 1949, 477 foodborne botulism
outbreaks were recorded in USA, and in the period from 1950 through 1996, an
additional 444 outbreaks were reported to CDC for a total of 921. The average
number of outbreaks per year has changed little, 9.7 per year for the earlier time period

and 9.4 per year since 1950.
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For the period 1899 — 1949, 1,281 cases of botulism were reported, and in the
time from 1950 through 1996, and additional 1,087 cases were reported, bringing the
total to 2,368 cases. The average number of cases per outbreak has remained constant;
2.6 cases/outbreak in the first half of this century and 2.5 cases/outbreak so far in the
second half.

Of the 444 foodborne botulism outbreaks since 1950, 37.6% were caused by
type A botulinum toxin, 13.7% by type B, 15.1% by type E, 0.7% by type F, and
32.9% were unidentified with respect to toxin type. For the period 1899 — 1949, the
case-fatality ratio was high at approximately 60%, but since about 1950, mortality has
gradually decreased to 15.5%. This decline in case-fatality ratio is due primarily to
improvements in supportive and respiratory intensive care and perhaps to the prompt
administration of antitoxin. The case-fatality ratio has generally declined over the
years for all toxin types.

Until the early 1960s nearly all outbreaks of botulism in which toxin types
were determined were caused by type A or B toxins and were usually associated with
ingestion of home-canned vegetables, fruits, and meat products. Type E botulism was
not recognized as a major problem in the US until 1963, when 22 cases were reported.
Sixty-one of the 67 outbreaks of type E botulism reported from 1950 through 1996
have been traced to marine products (fish or marine mammals); several cases have
been attributed to beaver. The remainders are of an undetermined source. Only three
outbreaks of Type F botulism have been reported in this country with one being traced
to home-prepared venison jerky.

From 1950 to 1996, 289 (65.1%) botulism outbreaks have been traced to
home-processed foods and 31 (7%) to commercially processed foods, including foods
served in restaurants. The type of food processing responsible for 124 (27.9%)
outbreaks is unknown (11).

In 2001, thirty-three cases foodborne intoxication were reported to CDC.
Type A botulinum toxin accounted for 20 (61%) cases, toxin type E for 10 (30%)
cases, type B 2 (6%) cases and type F 1 (3%) case. One death was reported. There
were 4 multi-case outbreaks. They were associated with a commercial product and
Alaskan native foods (12).
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There were 2 type B botulism outbreaks in Italy in 1993 associated with
roasted eggplant in oil. First outbreak was in August, two waitresses working in a
sandwich bar who prepared and ate commercially prepared jarred eggplant in oil with
sandwiches. Botulism was presumptively diagnosed in these two patients; both were
treated with botulism antitoxin and gradually improved. No food sample was
available for testing. No botulism toxin was detected in the serum of the tow
hospitalized patients. However, cultures of their stools subsequently yielded type B
Cl. botulinum. The latter was in October. Eggplant in oil prepared by the same
manufacturer was the origin cause of the latter outbreak in October. Four of nine
extended family members who had dined together were hospitalized with suspected
botulism. The meal consisted of green olives, prosciutto, bean salad, green salad,
mozzarella cheese, sausages, and commercially prepared roasted eggplant in oil. The
eggplant was also implicated as the probable source. All patients were treated with
trivalent botulism antitoxin and gradually improved. Type B CI. botulinum was
yielded from 3 patients’ stool specimens (13).

Botulism is an important public health problem in Argentina. From 1922 to
1997, 70 foodborne botulism outbreaks occurred affecting 242 persons with 111
deaths (case fatality rate, 46%) were reported. Home-canned foods were incriminated
in 66% of outbreaks and commercial foods in 13%. Preserved foods of vegetable
origin accounted for 47% of outbreaks, mixtures of vegetables and meat for 20%, and
foods of purely animal origin for 11% (14). A toxic food was not identified in the
remaining 21% of outbreaks. In January 1998, a botulism outbreak occurred in
Buenos Aires. Villar R.G. and et al reported 9 (43%) of 21 bus drivers of specific bus
route in urban Buenos Aires developed botulism. One driver was respiratory failure.
Type A toxin was detected from 3 of 9 patients’ serum. All drivers received botulism
antitoxin and there were no fatal outcome. Consumption of matambre (Argentine
meat roll) was significantly associated with illness. The matambre had been cooked in
water at 78°C to 80°C for 4 hours, sealed in heat-shrinked plastic wrap and stored in
refrigerators that did not cool adequately (15).

In South Africa 2002, two siblings aged eight and 12 years developed acute
flaccid paralysis and died as followed. Mouse bioassays revealed the presence of type
A botulinum toxin in the serum of both children, and in the retrieved remains of the
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implicated food, tinned fish in tomato sauce, commercially produced in South Africa.
Type A CI. botulinum was also detected from the vehicle. The most likely scenario
was that corrosion damage had allowed entry of environmental organisms, including
Cl. botulinum, to the tinned food (16).

Furthermore, a total of 423 food samples including fish and shellfish, meat
and poultry, aroma sauce and gravy, thickening agents, dehydrated dairy ingredients,
spices, herbs and dehydrated mushroom used in refrigerated processed foods of
extended durability (REPFEDs) were examined in France. They were pulled out
during food raw materials preparation. Twenty eight samples were positive for Cl.
botulinum (17).

b. Thailand outbreaks

The epidemiological investigations of 3 outbreaks of foodborne botulism
following consumption of home-canned bamboo shoots were in northern Thailand.
The first outbreak affecting 4 female and 2 male cases occurred in Mae Sot District,
Tak Province, in December 1997. All 6 cases were hospitalized, 4 of whom required
mechanical ventilation. All cases experienced neurological features and 4 had
gastrointestinal symptoms. One case died, giving a case-fatality rate of 16.7 per cent.
A case-control study revealed a significant association (p < 0.01) between the disease
and consumption of home-canned bamboo shoots purchased from the same food shop
in the village. The second outbreak of a similar clinical syndrome occurred in
Thawangpha District, Nan Province, in April 1998. A total of 13 cases were identified,
9 (69.2%) of whom were female. Nine cases (69.2%) were hospitalized, 4 (30.8%) of
whom required mechanical ventilation. Two early hospitalized cases died due to
ventilatory failure, giving a case-fatality rate of 15.4 per cent. A case-control study
indicated that home-canned bamboo shoots prepared by a local food shop served as
the vehicle for the disease transmission. One bamboo shoot specimen from one
affected house was positive for botulinum toxin type A by enzyme-linked
immunosorbent assay and mouse antitoxin bioassay. The last outbreak affecting 10
cases occurred in Sob Prab District, Lampang, in November 2003. Four cases were
hospitalized and later 1 case died. Improper home-canning procedures for bamboo
shoot preservation were similarly detected in both outbreaks although performed by
different merchants. Prompt recognition and treatment of the disease are essential in
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reducing the fatality rate. Safe home-canning procedures should be widely distributed
and instructed to persons who perform bamboo shoot preservation for sale (3, 4, 5,
18).

3.2 Effect of pH on the growth of Clostridium botulinum

The pH of a food determines to some degree the types of bacteria that will grow
in it and whether or not CI. botulinum will grow and produce its toxin. Scientific
investigation has determined that the spores of CI. botulinum will not germinate and
grow at pH 4.8 or below. Therefore, pH 4.6 (carrying a safety factor of 0.2 pH units)
has been selected as the dividing line between high-acid foods and low-acid foods.
Spores of Cl. botulinum and other spoilage types can be found in both types of food
(high-acid or low-acid).

The application of mild heat will destroy all bacteria which are non-spore formers
or are in the vegetative state in either low-acid or high-acid foods. In the low-acid
category, high heat must be applied to kill the spores of CI. botulinum or the spores of
other food spoilage organisms, hence there is the need for heat processing under
pressure. In high-acid foods there is no concern with germinating and growing
because the pH is 4.6 or below. Since with high-acid foods only the vegetative cells
need to be destroyed, boiling water cook or hot fill and hold procedures may be used
(19).

Advantage is taken of the inhibition of spore germination and growth of CI.
botulinum by pH of 4.6 or less. There are certain foods in the low-acid category which
cannot be heat sterilized, unaltered, without making the food un-merchantable.
Included are foods such bottled mushrooms, canned rambutan, bamboo shoot in 20 L
metal container (6). When these foods are acidified to a pH of 4.6 or lower, they can
then be processed by applying only sufficient heat to destroy yeasts, molds and non-
spore forming bacteria. The spores of CI. botulinum have not been destroyed but are
dormant under the influence of the acid. In this condition they are quite harmless. But
if anything should happen to raise the pH of the food, conditions may become
favorable enough for the spores to germinate and grow. Such foods must comply with
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the Thai FDA notification no. 144 on “Foods Packed in Hermetically Sealed
Containers” (Appendix A).

3.3 Effect of water activity (a,) on the growth of Clostridium

botulinum

Like most of other forms of life, moisture is an essential factor in bacterial
growth. This is the reason for human beings to dry foods as the way of preserving
them. Water activity (ay) is a measure of the amount of water that is not bound to the
food and is therefore available for bacterial growth and biochemical reactions.

A measure of the availability of water in a food can be made by determining the
water activity, which is designated a,,. Water activity is the water vapor pressure of
the solution divided by the vapor pressure of pure water at the same temperature.
Mathematically it is expressed as:

aw =Px or Vapor pressure of the food system

Pw Vapor pressure of pure water under identical conditions

Water activity is measured on a scale from 0 — 1.0. Most foods have a water
activity above 0.95, and most bacteria, yeasts, and molds will grow above this point.
Spores of Cl. botulinum are generally inhibited at an a,, of about 0.93 or less. Thus if
we decrease the amount of water available to spores to a point where they are inhibited
and apply mild heat to destroy the vegetative cells, we have a procedure of
preservation for products whose quality is sensitive to high heat. Furthermore, the
decreasing of a, to 0.85 or below can inhibit the growth of disease-causing bacteria.
Drying foods or adding solids like salt or sugar reduces the amount of available water
(1, 19).

3.4 Classification of canned foods

According to Codex Alimentarius and the Almanac of the canning, freezing,
preserving industries, canned foods are classified into 3 different groups as follow.
a. Acid food means a food that has a natural pH of 4.6 of below.

b. Acidified low-acid food means a canned product which has been formulated
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or treated by adding acid(s) or acid food(s) so that every component of the finished
product has a pH of 4.6 or lower within 24 hours after the completion of the thermal
process unless data are available from the establishment’s processing authority
demonstrating that a longer time period is safe; these foods include, but are not limited
to, beans, cucumbers, cabbage, artichokes, cauliflower, puddings, peppers, tropical
fruits, and fish, singly or in any combination. They have water activity (a,) greater
than 0.85 and have a finished equilibrium pH of 4.6 or below. These foods may be
called, or may purport to be, “pickles” or “pickled . Carbonated beverages, jams,
jellies, preserves, acid foods (including such foods as standardized and non-
standardized food dressing and condiment sauces) that contain small amounts of low-
acid food(s) and have a resultant finished equilibrium pH that does not significantly
differ from that of the predominant acid or acid food. Foods that are stored,
distributed, and retailed under refrigeration are excluded from the coverage of this
part.
c. Low-acid food means any food, other than alcoholic beverages, with a

finished equilibrium pH greater than 4.6 and a water activity (ay) greater than 0.85.
Tomatoes and tomato products having a finished equilibrium pH less than 4.7 are not

classified as low acid foods (20, 21).

3.5 Canning process of acid foods and acidified low-acid foods

In general, the canning of processed foods may be divided into eight unit or basic
operations:
1. Handling and storage of empty cans/containers
Cleaning empty cans/containers
Product preparation
Filling
Closing
Processing

Cooling

G N o g B~ w DN

Handling and storage of canned foods
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3.5.1 Handling and storage of empty cans/containers

Tinplate containers do not have unlimited resistance to physical abuse, nor
can they be expected to withstand indefinitely conditions which could promote
corrosion. Tin cans should therefore be transported in a manner that will avoid
damage to the rims, excessive denting, or rupture of soldered laps. When transport
conditions are unavoidably severe, empty cans can be packaged in paper wrappers or
fiberboard cases. They must, of course, be kept clean and hygienic during transport.
Empty cans should be stored in the dry and protected from changes in temperature that
will result in moisture condensation and subsequent rusting. In coastal areas, even
small amounts of sea salt promote corrosion. Storage facilities should be arranged so
that the first cans received are those that are first used (Table 2).

3.5.2 Cleaning empty cans/containers

Although containers are delivered to the user in a clean condition, it is
nevertheless often necessary to wash them before they are filled. To be effective, the
washing should be done by sprays of hot water with the cans in an inverted position.
A jet of stem is insufficient to ensure proper cleaning.

3.5.3 Product preparation

A first and important step in the sequence of canning operations is that of
cleaning and preparing the food before filling it into containers. The purpose of
cleaning is to remove undesirable foreign material and should be designed to obtain
maximum separation efficiency consistent with minimum wastage of good material,
complete removal of separated contaminants and avoidance of recontamination, a
clean product surface in and acceptable condition and minimum quantity and
concentrations of residues. In addition to washing of ingredient materials, there may
also be requirement for inspection and sorting in order to remove defective items or
contaminants. These processes may be manual or mechanical in nature. If unexpected
extraneous items are found, it is advisable to attempt to determine their origin in order
to prevent recurrence (23). This may be carried out in a variety of ways, depending
upon the product. From an aesthetic or utilitarian viewpoint the purpose of such
preparation steps as trimming and slicing is clearly evident. It is also obvious that
adequate washing will diminish substantially the extent to which the food is
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contaminated with spoilage bacteria which could reduce the effect of processing that
follows filling and closing.

Table 2 Handling and storage of cans

Can packaging | = Cans are best delivered on pallets with an overcover of board,
the layers of cans being separated by layer pads; the outer

covering should not be removed until the cans are required.

Can storage = Ensure warehouse building is weatherproof and maintained at
a constant temperature, the humidity of the warehouse

atmosphere being kept as low as possible.

Can handling = Cans should always be handled with care, avoiding denting,
rim damage or scratching.

= Conveying is best done by plastic-covered wire rope,
magnetic conveyors or slat conveyors.

= Plastic-covered wire rope reduces ‘cable burn’; ‘buildback’
must still be avoided.

= Use an accumulator for feeding machines; magnetic
conveyors used for elevating, lowering and dividing cans.

= Alpine conveyors allow ‘buildback’ as well as height change,
accumulator function.

= Slat conveyors, used for entry and exit to machines, are
tolerant to can slip.

= Dividers are used to product\e or combine two or more can
streams; selection must be made with care and related to can
speed.

= Can collators or unscramblers group cans into units for
packing into retort baskets or cartons.

Source: Paine F A and Paine H'Y (22)
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3.5.4 Filling

Containers should be filled uniformly and with the proper amount of
contents. Proper filling serves to expel undesirable gases, especially oxygen, and at
the same time aids in creating an internal vacuum after processing and cooling. The
formation of a vacuum in the container is accomplished by filling with a hot product at
a temperature of 85°C or higher (24), or by heating the contents after filling but before
closing. Under-filling the can to provide a head space, usually in the range of 6 — 9
mm, varies somewhat with the nature of the product and the size off the container.
There are several reasons for creating a vacuum in the container;

a. To preserve flavor characteristics and nutritive components that are
vulnerable to oxidation.

b. To leave room for gases that may be liberated during heat processing that
might otherwise cause the container to distort in a manner similar to a container
having a product spoiled by microbiological action.

c. Toavoid strains due to internal pressures.

d. To minimize or eliminate corrosion caused by oxygen.

To avoid a vacuum so great that paneling or collapsing of the container
occurs after the processed containers are cooled, the magnitude of the vacuum
produced is controlled by choosing suitable filling temperatures and head space
dimensions.

3.5.5 Closing (seaming)

The canning process is based on heating the sealed containers until the
contents are commercially sterile. Clearly, then, it is essential that the sealing
operation, also called closing or double-seaming, be such that recontamination of the
food by microorganisms is precluded during the subsequent cooling, handling and
storage of the cans. In modern canning, closing may be carried out at speeds, 1,000 or
more cans per minute, by highly efficient closing machines. Alternatively, closing
may be done on relatively simple, but powered, equipment or even with the aid of
manually operated devices. Regardless of whether sophisticated or simple closing
equipment is involved, it is essential that operators fully understand the principles of
seam formation. Leaking through the seams of cans can occur after processing;

therefore seam examination is very significant.
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3.5.6 Processing

The thermal processing of canned foods, commonly termed cooking,
retorting or processing, is the application of heat at a specified temperature for a
specified time. This operation has two fundamental purposes. The first is to produce
a commercially sterile product. This means that the product has been subjected to heat
treatment at temperature and for a time sufficient to destroy not only organisms which
might adversely affect the consumer’s health, especially Clostridium botulinum, but
also those organisms which can produce spoilage under prevailing storage conditions.
The second purpose is to cook the material to a point where minimum further
preparation is necessary by the consumer. It must be remembered that in
accomplishing these two purposes, care must be practiced that processing not destroy
quality factors such as flavor, texture, color and nutritive value. All reliable
processing specifications are based on time-temperature conditions adequate to
destroy Clostridium botulinum, a microorganism that produces extremely potent
toxins.

The destruction of microorganisms by heat, and their ability of multiplying
themselves, is highly dependent upon the acidity of the product. In general, products
having a pH below 4.5 (based on Codex Alimentarius) or 4.6 (based on USFDA) shall
be thermally processed to an extent that is sufficient to destroy the vegetative cells of
microorganisms of public health significance and those of non-health significance
capable of reproducing in the food under the conditions in which the food is stored,
distributed, retailed and held by the user (21 and 22). Of course, the physical texture
of the product and the size of the container also determine the processing time. Heat
penetration through viscous or semi-solid products such as meat is slow. Accordingly,
for solid products and larger cans a longer time is required before the temperature at
the center of the can rises to the necessary level. Regardless of the products,
processing specifications are always based on the temperature at the coldest point
within the can. All installations for processing canned foods under steam pressure
must comply with local regulations for piping and necessary safety features.

3.5.7 Cooling

Water is used extensively throughout the canning process. It is used as an
ingredient to transfer products, to wash and clean products, and to generate steam and
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cool products. The last important operation which cans are ready for labeling, storage
and marketing is to cool the sealed cans after processing. Clearly, the objective of
cooling is to halt the deleterious effects that over-cooking might have on the product,
as for example excessive softening of the food or objectionable changes in flavor or
color. Small cans for certain products may be air-cooled, but cooling is mostly done
in water in several ways. The hot cans may be cooled by admitting water into the
retort in which they were processed, or the cans may be removed from the retort and
conveyed through a tank or shower of cold water.

As a general principle, only potable water, as defined in the latest edition of
Guidelines for Drinking Water Quality (WHO), should be used in food handling or as
an ingredient.

To ensure effective disinfection, chlorine or an alternative disinfectant must
be thoroughly mixed with the water to a level that will minimize the risk of
contamination of the can contents during cooling: for chlorination 5 mg/liter is a
guideline value. The concentrations of 0.2 — 1 mg/liter are normally presented in most
disinfected potable water. A 20-minute contact time at suitable pH and temperature is
normally considered adequate (24, 25).

3.5.8 Handling and storage of filled cans

Strictly speaking, the handling and storage of canned foods are not a part of
the canning operation per se. However, they are important to a successful operation.
Rough handling and contaminated runways can lead to spoilage due to the
introduction of microorganisms; storage of cans at excessively high temperatures or
under conditions favorable to corrosion may ruin an otherwise satisfactory pack. The
storage of canned foods in temperate climates presents no serious problem so long as
recommended practices are followed and providing cans are protected from moisture.
Clearly the storage of filled cans in a damp warehouse or the filling of wet cans into
cartons should be avoided.

In tropical climates, and especially at locations near salt water, the
protection provided by conventional tin coatings may be inadequate to prevent
corrosion on the outside of cans placed in storage. When cans are stored at
temperature as high as 50°C (120°F), internal corrosion will be very substantially
accelerated, and the growth of certain spoilage organisms (thermophiles) that normally
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remain dormant is possible. This condition is encountered even in temperate climates

when cans are stacked in large blocks before they are adequately cooled (22).

3.6 Acidification technique

The manufacturers shall employ appropriate control procedures to ensure that the
finished goods do not present a health hazard. Procedures for acidification to attain
acceptable equilibrium pH levels in the final food include, but are not limited to, the
following:

a. Blanching of the food ingredients in acidified aqueous solutions.

b. Immersion of the blanched food in acid solutions. Although immersion of
food in an acid solution is a satisfactory method for acidification, care must be taken to
ensure that the acid concentration is properly maintained.

c. Direct batch acidification, which can be achieved by adding a known amount
of an acid solution to a specified amount of food during acidification

d. Direct addition of a predetermined amount of acid to individual containers
during production. Liquid acids are generally more effective than solid or pelleted
acids. Care must be taken to ensure that the proper amount of acid is added to each
container.

e. Addition of acid foods to low-acid foods in controlled proportions to conform
to specific formulations.

f. The time for equilibrium and buffering effects should always be taken into
account (20, 21).
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CHAPTER 4
MATERIALS AND METHODS

In order to develop the educational tools that were appropriate for the small-scale
producers, the information from the previous studies by Saengsuratham (6) and
Jokkrajai (26) were required, and normally practiced production processes of the
producers needed to be modified, as follows. The conceptual framework of this study

is also shown in Appendix B.

4.1 Safety evaluation of the production processes used at the cottage

industries

Information from Saengsuratham’s study (6) on processing steps of different food
products packed in hermetically sealed containers that were manufactured in cottage
industries were evaluated for their products’ safety based on either their pH’s or water
activities. The evaluation was emphasized on the risk of Cl. botulinum growth and

toxin production.

4.2 Production of media on basic knowledge of botulinum toxin and

preventive measures

The media entitled “Acidification makes life safe” (aunsadnila ¥Inilasany)

aimed to create awareness on the severity of botulinum toxin in canned products and
introduce practical preventive measures to agricultural extensionists, provincial health
officers and producers, who were found according to previous study (6, 26) lacking of

such knowledge.
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4.2.1 Script preparation
Information in the script was prepared and approved by 5 experts in the
food technology, health policy and legislation from Thai FDA and Institute of
Nutrition, Mahidol University (Appendix C). The script was made in play style,
which consisted of knowledge on CI. botulinum bacteria, its optimum growth
condition, health hazard of botulinum toxin, and practical preventive measures.
Canned bamboo shoot which was frequently found to cause health hazard in Thailand
was used as the case in the play (Appendix D).
4.2.2 Media making
The media was produced as video tape of 34 minutes by a professional film
maker, Thunwa production Co., Ltd., Bangkok, Thailand. The film was mostly taken
on November 22 — 23, 2000 at the factory and office of Nong Kra Bao farm women
group, Huay Ngoo subdistrict, Muang district, Chainard province. Characters in the
film were professional actors, actresses, and Nong Kra Bao farm women group
members.
4.2.3 Test for knowledge achievement from video tape and pamphlet
a. Questionnaire development
The questionnaire used for the test was in multiple-choice style of 5
choices, which consisted of 15 questions (Appendix E). The questions in the
questionnaire aimed to test for the following knowledge:
1) Clostridium botulinum characteristics
2) Health hazard from consumption of food contaminated with botulinum
toxin
3) Prevention of Cl. botulinum growth and toxin production
b. Knowledge achievement evaluation
The evaluation was performed by comparing the scores of the tests that
were performed by the subjects before and after watching the film. A pamphlet that
contained important information in the film was also given to each subject right before
showing the film (Appendix F). The test was performed in 130 subjects who were
agricultural extensionists, provincial health officers and members of farm woman

group of 5 provinces in 5 regions i.e. North: Lampang province, Central: Chainard
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province, East: Chanthaburi province, Northeast: Ubon ratchathani province, and
South: Suratthani province during July-December, 2001.

4.3 Modification of the production processes for safety purposes

From the study by Saengsuratham in 2001, 15 products that produced at cottage
industries were selected to represent food products packed in hermetically sealed
containers for this study based on the varieties, production frequencies and their
potential for process modification. The selection aimed to cover most types of food
products packed in hermetically containers widely found at the cottage industries. The
modification aimed either to adjust product’s pH to be lower than pH 4.6 by using
food-grade acidulants or ingredients of high acidity, or to lower water activity of the
product to be lower than 0.85 by frying in oil or adding certain ingredients. Under
such conditions, the products could be commercial-sterilized at a temperature of lower
than boiling temperature of water (<100°C). The process development was performed
by packing the product in lacquered tin can size 300 x 201 in, except for bamboo shoot
that also packed in 20 liter metal container. Three production trials were done for each
product. The packed product was checked for its cut-off pH by blending the contents
in a kitchen blender and measured on a table-top combination pH meter (20, 21).

The selected food items were listed below:

a. Fruits and vegetables

- Canned cassia leaf (Cassia siamea Lam.) in water

- Canned bamboo shoot in water

- Bamboo shoot in water packed in 20-liter metal container

- Canned neem blossom (Azadirachta indica A. Juss.) in brine
- Canned mushroom (Termitomyces sp.) in brine

- Bottled nata de coco in syrup

- Canned aloe vera drink

- Canned toddy palm (Caryota urens) in syrup

- Bottled attap fruit (Arenga pifiata) in syrup

- Canned rambutan in syrup

- Canned longan in syrup
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- Canned water chestnut in syrup
- Canned palm nectar drink
b. Meat
- Canned pork cooked in cha-muang leaf curry
- Canned deep-fried frog
- Bottled fermented fish viscera curry paste

4.4 pH meter verification

Hand-held pH meters which were appropriate for using in cottage industries due
to its lower cost and easy to use were verified for their accuracy as compared to table-
top pH meter. Five hand-held pH meters including 1 one-digit and 4 two-digit and
table-top pH meter were used for measuring pH values of 20 food products that had
pH ranged from 3.10 to 6.20 (20, 21).

4.5 Production of media for educating the modified processes

This media entitled “Production process of canned food products for farmer

women group”  (Amskanemsiussy lumyuzaaindmSunguuaitniunbasng)

aimed to educate the specific groups of small-scale producers who produced food
products packed in hermetically sealed containers, agricultural extensionists, and
provincial health officers. The audiences are expected to be able to produce certain
products by themselves after studying the media.

4.5.1 Script preparation

Information in the script was prepared and approved by the same group of
experts as mentioned in Appendix B. The script contained knowledge on production
processes of certain food products packed in hermetically sealed containers in details.
The presentation was in stepwise, which was easy to follow and practical for the small
scale producers. The script mentioned the necessary equipments and the critical points

that needed to be controlled for preventing microbial hazards.
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4.5.2 Media making
The media was produced as video tape of 48 minutes by a professional film
maker, Thunwa production Co., Ltd., Bangkok, Thailand. The film was taken at 4
locations including (i) Park La subdistrict, Khongjiam district, Ubon ratchathani
province on July 13, 2003, (ii) Bortaloh subdistrict, Wangnoi district, Ayudhya
province on July 29, 2003, (iii) Klong narai subdistrict, Muang district, Chanthaburi
province on August 3, 2003, and (iv) Pilot plant at the Institute of Nutrition, Mahidol
University (INMU), Nakhonpathom province on August 5 — 6, 2003. In addition, the
information from the script and film were also used for producing a booklet that aimed
to be used as a manual (Appendix G).
4.5.3 Test for knowledge achievement from video tape and instruction
manual
a. Questionnaire development
The questionnaire used was in multiple-choice style of 5 choices, which
consisted of 17 questions (Appendix H). In the questionnaire, the questions were
designed to test for the following knowledge:
1. acidification technique
2. water activity lowering technique
3. quality assurance steps
4. critical control points
b. Knowledge achievement evaluation
To test for the knowledge achieved by the subjects, we evaluated by
comparing the scores of the tests that earned before and after watching the film. The
booklet was also given to each subject right before showing the film. The test was
performed at Ubon ratchathani province in 121 subjects who were provincial health
officers, members of farm woman group (Ban Hin Soong and Ban Lao In Pang, Chong
Mek subdistrict, Sirinthorn district, Ubon ratchathani province), small scale producers,
traders and home economics students of Ubon ratchathani Vocational College during
August 9 — 10, 2004.
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CHAPTER 5
RESULTS

5.1 Knowledge achievement from 1* video tape and pamphlet

In Table 3, the questions were classified into 3 parts based on the degree of
significance to food safety, which the most significance consisted of the question
numbers 3, 7, 8, 9, 10, 12 and 13; the medium significance consisted of the question
numbers 2, 4, 5 and 6; the least significance consisted of question numbers 1, 11, 14
and 15. The scores of both groups of subjects were significantly improved (p < 0.05)
after they had watched the video tape. Overall, the improvement in the percentage of
the scores earned was from less than 50% to 80% where the producer group could get

about 76% and the officer group could get 90%.
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5.2 Modification of the production processes for safety purposes

5.2.1 Process modification of sampled products

In order to obtain the desirable safety factors, the production processes that
were formerly practiced must be modified. Certain examples of the modified
processes as compared with the former ones were shown in Figures 1 — 14. In these
figures, the critical points in the process that must be controlled are indicated in bold
letters.

Most of the selected products were low acid food which can be modified
into acidified food. Citric acid could be used as acidulants for most products. While,
malic acid was the choice for certain product i.e. bamboo shoot and longan (Figures 1,
4 and 7). Acidification could bring the pH of all studied products down to lower than
4.6 and still sensory acceptable. No acid was required for foods that were acid in
nature i.e. canned cassia leaf and canned cha-muang leaf curry soup (Figures 5 and
6). However, the main modification for the latter kind was to remove pork from the

recipe (Figure 6).
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Former process

Modified process

Bamboo shoot

!

Burn outside

!
Peel

!
Trim
!
Wash with water

!

Pack in used metal container® for
approximately 12-14 kg

Fill the container with water

!

Heat by burning the container with
direct flame?

!

Cover with metal plate

!
Seal by welding with lead®
l

Cool in air

!

Bamboo shoot in 20-liter container

Bamboo shoot

l

Peel and Trim
!
Boil in water until cooked
(bamboo shoot turned yellow)
& discard the water
l
Pack bamboo shoot in metal container
for exactly 12 kg
!
Fill the container with water containing
0.5% citric or malic acid
!

Sterilize the product by boiling in
covered water bath until the
temperature at the coldest spot of
bamboo shoot (center of the most top
piece) reached 80°C
!

Cover with metal cap
!
Seal by using hand-held mechanical
sealer

!

Cool in clean water

!
Acidified bamboo shoot in 20-liter

container

pH = 4.66 — 6.26

pH = 3.98/4.38 (citric /malic acid)

"Formerly used for cooking oil or non-food products.

*The boiling process normally took several hours, and water was refilled as it

overflowed from the container.

3Sealing process was performed by cleaning around the container opening with 35%

HCI and turpentine, covered it with zinc plate, wiped again with 35% HCI, and welded

by melting a lead bar.

Figure 1 Former and modified processes of bamboo shoot in water packed in 20-liter

metal container.
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As being shown in Figure 1, the bamboo shoot was boiled until done in the
modified process, and the water used for boiling was discarded. Table 4 showed that
the boiling waters of bamboo shoot from different steps had effect on pH change
during acidification differently. More changes in pH values could be observed in
boiling water from bamboo shoot that had been boiled more times. The pH’s of
waters from the 1% boiling of peel and unpeeled bamboo shoots were very much
different, which the unpeeled one changed more than the peel one. However, only

slight difference was observed in the waters from the o boiling.

Table 4 pH of water used for boiling bamboo shoot at different stages before and after

acidification'
Experiment Treatment pH values®
Before After

acidification acidification
Control Water 6.21 £ 0.030 2.84 £0.020
Unpeeled After 1* boiling with 5.67 £ 0.006 4.08+0.010
| 1* boiling | unpeeled bamboo shoot
Peeled After 2™ boiling with peeled 5.76 £0.012 4.05+0.012
l bamboo shoot
2" and 3™ After 3" boiling with the 5.76 £ 0.015 3.30 + 0.000
boiling boiled bamboo shoot
Peeled After 1* boiling with peeled 5.87+0.010 4.66 +0.045
! bamboo shoot
1 and 2™ After 2" boiling with boiled 5.90 + 0.006 3.95+0.093
boiling bamboo shoot

"With 0.025% citric acid

*The values before and after acidification were significantly different (p < 0.05)
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Former process

Modified process

Aloe vela Aloe vela
! !
Peel Peel
! !
Wash out the mucous layer with water Wash out the mucous layer with water
! !
Drain Drain
! !
Cook in boiling water Cook in boiling water
(until white) (until white)
l !
Cool in water Cool in water
l !
Drain Drain
l !
Disintegrate Disintegrate
l !
Mix with syrup Mix with 7°Brix syrup containing
! 0.02% citric acid in the ratio of 30 : 70
Heat until boiling (Aloe vela : syrup)
l !
Hot fill Heat until boiling
l !
Exhaust in exhauster Hot fill
l !
Can seal Can seal
! !
Sterilize in autoclave Commercially sterilize in boiling water
at 15 psi for 3 min for 20 min
! !
Cool in water Cool in clean water
! !
Canned acidified aloe vela drink Canned acidified aloe vela drink
pH=4.77-5.36 pH=4.16

Figure 2 Former and modified processes of canned aloe vela drink
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Former process Modified process
Attap fruit Attap fruit
l !
Soften the peel Cut & squeeze out the seed
by boiling water !
! Blanch in boiling water
Cool in air !
! Cool in water & drain
Cut & squeeze out the seed !
| Fill 60% of net weight in can
Soak in water for overnight l
| Fill with hot syrup of 50°Brix
Boil in hot water containing 0.2% citric acid
l !
Cool in water Cap
l !
Cook in boiling syrup for 30 min Commercially sterilize in boiling water
! for 20 min
Hot fill in glass jar !
l Cool in clean water
Cap !
! Canned acidified attap fruit in syrup
Sterilize in autoclave at 20 — 30 psi for
few minutes
l
Canned attap fruit in syrup
pH=5.11 pH =3.05

Figure 3 Former and modified processes of canned attap fruit (Arenga pifiata) in

Syrup




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Food and Nutrition for Development) /31

Former process

Modified process

Bamboo shoot

!

Wash in water

!

Boil in water for 6 h

!
Wash

!
Peel

!

Trim & slice

!
Wash

!
Soak in 0.1% citric acid solution
for 8 — 10 min
!
Soak in 0.35% CaCl, solution
for 10 — 15 min
!

Drain

!

Fill in can

Hot fill with water

!
Exhaust

!

Can seal

!

Sterilize in autoclave at 15 psi.
(121.1°C) for 40 min

!

Cool in water

!

Canned bamboo shoot in water

Bamboo shoot

!
Peel

|

Trim & slice
!
Cook in boiling water
(until yellow)

!
Fill 60% of net weight in can

!

Hot fill with water containing
0.5% citric or malic acid

!

Exhaust in steamer

!

Can seal

Commercially sterilize in boiling water

for 20 min

!

Cool in clean water

!

Canned acidified bamboo shoot in water

pH=5.23-6.19

pH = 3.98/4.38 (citric/malic acid)

T )
and ~ were performed by some producers

Figure 4 Former and modified processes of canned bamboo shoot in water
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Former process

Modified process

Cassia leaves

!

Wash and clean

!

Trim

!

Cook in boiling water for 5 min

!

Fill in can

Hot fill with water containing Bai Yah

Nang (Antiaris toxicaria Lesch.) extract

!

Exhaust in steamer

!

Can seal

!

Sterilize in autoclave

at 7 psi for 10 min
l

Canned cassia leaf

Cassia leaves

!

Wash and clean

l

Trim

!

Cook in boiling water for 5 min
!
Fill 40% of net weight in can

!
Hot fill with boiling water
!

Can seal

Commercially sterilize in boiling water

for 20 min

!

Cool in clean water

l

Canned cassia leaf

pH =4.05

pH=4.05

Figure 5 Former and modified processes of canned cassia leaf (Cassia siamea Lam.)

1n water
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Former process

Modified process

Cha-muang leaves

!
Wash & clean

!
Trim
!
Mix leaf with marinated curry paste and
pork
!
Stir-fry the mixture in cooking oil with
added water

!

Simmer until pork became tender

!

Hot fill in can

!

Exhaust in steamer

!

Can seal

!

Sterilize in retort for 2 hours

!

Cool in water

!

Canned cha-muang leaf
with pork curry soup

Cha-muang leaves

!
Wash & clean

!
Trim
_ !
Mix leaf and curry paste
!
Stir-fry the mixture in cooking oil with
added water

!

Hot fill in can

!

Exhaust in steamer

!

Can seal

!

Commercially sterilize in boiling water
for 20 min

!

Cool in clean water

!

Canned cha-muang leaf curry soup

pH=5.16-5.47

pH =3.57

Figure 6 Former and modified processes of canned cha-muang leaf

(Garcinia cowa Roxb.) curry soup
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Former process Modified process
Longan Longan
! !
Wash Peel and pit
! !
Peel and pit Wash
! !
Wash Blanch in boiling water
! !
Blanch in boiling water Cool in water & drain
! !
Soak in water & drain Fill 60% of net weight in can
! !
Fill in can Hot fill with 25°Brix syrup containing

Hot fill with 35°Brix syrup containing

0.5% malic acid

!
none or 0.1% citric acid Can seal
! !
Exhaust in steamer Commercially sterilize in boiling water
I for 20 min.
Can seal |
l Cool in clean water
Sterilize in boiling water for 30 min. !
! Canned acidified longan in syrup
Cool in water
l
Canned longan in syrup
pH=4.44 - 4.62 pH =3.89

Figure 7 Former and modified processes of canned longan in syrup
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Former process

Modified process

Cleaned and boiled cubic nata de coco

!

Cook with sugar and water

until boiling

l
Hot fill in glass bottle

Cleaned and boiled cubic nata de coco

!

Cool in water & drain

!
Fill 60% of net weight in can

!
Hot fill with 50 °Brix syrup

}
Cap with 0.1% citric acid
} !
Steam in steamer for 5 min Can seal
I
Bottled nata de coco Commercially sterilize in boiling water
for 20 min
!
Cool in clean water
!
Canned acidified nata de coco in syrup
pH=5.17-6.17 pH = 3.06

Figure 8 Former and modified processes of canned nata de coco in syrup
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Former process

Modified process

Cleaned and boiled cubic nata de coco

Cleaned and boiled cubic nata de coco

} 1
Cook with sugar and water Cool in water & drain

until boiling !

| Fill 36% of net weight in can
Hot fill in glass bottle !

! Fill pineapple 24% of net weight in can

Cap !

! Hot fill with 50 °Brix syrup

Steam in steamer for 5 min with 0.1% citric acid
1 !
Bottled nata de coco Can seal
!
Commercially sterilize in boiling water
for 20 min
!
Cool in clean water
!
Canned acidified nata de coco with
pineapple in syrup
pH=5.17-6.17 pH=3.59

Figure 9 Former and modified processes of canned nata de coco with pineapple in

Syrup
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Former process

Modified process

Neem blossom

}
Wash & trim
}
Blanch in boiling water for 3 min
l
Cool in water & drain
I
Fill in can

Hot fill with water

!

Exhaust in steamer

!

Can seal

!

Sterilize in autoclave

at 7 psi for 10 min

Neem blossom

l
Wash & trim

l

Blanch in boiling 2% brine solution

for 3 min

l

Cool in water & drain

Fill 40% of net weight in can

Hot fill with 1% brine solution

containing 0.5% citric acid

l

Can seal

!

Commercially sterilize in boiling water

for 20 min
! !
Canned neem blossom )
Cool in clean water
!
Canned acidified neem blossom in brine
pH=15.38 pH=4.20

Figure 10 Former and modified processes of canned neem blossom

(Azadirachta indica A. Juss.) in brine
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Former process Modified process
Rambutan Rambutan

l !

Peel and pit Peel and pit
l !

Wash Wash
! !
Blanch in boiling water Blanch in boiling water for 3 min
! !
Soak in water & drain Soak in water & drain

l !

Fill in can Fill 60% of net weight in can

!
Hot fill with syrup

!
Hot fill with 25°Brix syrup containing

! 0.2% citric acid
Can seal
!
l Can seal
Heat by steamer !
! Commercially sterilize in boiling water
Cool in water .
for 20 min
L l
Canned rambutan in syrup Cool in clean water
!
Canned acidified rambutan in syrup
pH=4.28 -5.55 pH =4.20

Figure 11 Former and modified processes of canned rambutan in syrup




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Food and Nutrition for Development) / 39

Former process

Modified process

Termitomyces mushroom

!
Wash & trim
!
Blanch in boiling water for 3 min
!
Soak in water & drain
!
Fill in can

!
Hot fill with salt brine
!

Exhaust in steamer

!

Can seal

!

Sterilize in retort at 15 psi.
(121.1°C) for 40 min

!

Cool in water

!

Canned Termitomyces mushroom in brine

Termitomyces mushroom

l
Wash & trim

l

Blanch in boiling water for 3 min

l

Cool in water & drain
!
Fill 55% of net weight in can

Hot fill with 1% brine solution

containing 0.4% citric acid

l
Can Seal

!

Commercially sterilize in boiling water

for 20 min

!

Cool in clean water

l

Canned acidified Termitomyces

mushroom in brine

pH=484_523

pH = 4.09

Figure 12 Former and modified processes of canned Termitomyces mushroom in

brine
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Former process Modified process
Toddy palm Toddy palm
l !
Peel, slice and trim Peel and trim
l !
Blanch in boiling water for 15 min Blanch in boiling water for 3 min.
! !
Fill in bottle Cool in water & drain
- - l
Hot fill with sweeten palm nectar Slice

l !
Exhaust in steamer for 90 min Fill 60% of net weight in can
l !
Cap Hot fill with 40°Brix syrup containing
0.25% citric acid
Sterilize in hospital autoclave !
at 20 psi for 15 min Can seal
! !
Canned toddy palm Commercially sterilize in boiling water
for 20 min
!
Cool in clean water
!
Canned acidified toddy palm in syrup
pH=16.34-6.79 pH=4.27

Figure 13 Former and modified processes of canned toddy palm in syrup
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Former process

Modified process

Water chestnut

!
Peel and wash
!
Boil until cooked
!
Cool in water & drain
!
Fill in can

l
Hot fill with syrup

Water chestnut

!

Peel and wash

!

Boil until cooked
!
Cool in water & drain

!
Fill 60% of net weight in can

!
Hot fill with 20°Brix syrup containing

! 0.4% citric acid
Exhaust in exhauster !
! Can seal
Can seal !
! Commercially sterilize in boiling water
Sterilize in autoclave .
for 20 min
at 15 psi for 3 min |
! Cool in clean water
Cool in water !
! Canned acidified water chestnut in syrup
Canned water chestnut in syrup
pH =6.56 pH =4.27

Figure 14 Former and modified processes of canned water chestnut in syrup

5.2.2 Type and concentration of acid needed for product acidification
and cut-off pH of the products

Table 5 indicated list of the products that could be acidified until pH
became lower than 4.6 and still could be sensory acceptable. Palm nectar was also
acidified however its sensory quality was found to be unacceptable. Instead of citric

acid, malic acid was needed in some products for a more acceptable taste.
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Table 5 Type and concentration of acid needed for product acidification and cut-off

pH of the products.
Products Acid used | 9% Acid used in Average
brine, syrup or pH values!
water (w/v) (Range)

Bamboo shoot in water mixed | Citric acid 0.55 3.98

with citric acid packed in (3.94-4.04)

20-liter metal container

(e liussqily)

Bamboo shoot in water mixed | Malic acid 0.50 4.38

with malic acid packed in (4.34 - 4.40)

20-liter metal container

(e Idussetly)

Canned aloe vera drink Citric acid 0.017 4.16

(ﬂ”l’jm‘ifi”mﬂ’iwffmii}ﬂsz‘ﬂm) (4.13 - 4.20)

Canned attap fruit in syrup Citric acid 0.18 3.05

(Arenga pifiata) (3.04 - 3.06)

(gnwnussynszilev)

Canned bamboo shoot in water | Citric acid 0.55 3.98

mixed with citric acid (3.94-4.04)

(e lussynszileq)

Canned bamboo shoot in water | Malic acid 0.50 4.38

mixed with malic acid (4.34 — 4.40)

(e liussynszileq)

Canned cassia leaf in water Not used Not used 4.05

(Cassia siamea Lam.) (4.03-4.07)

E
= <
(Avumanussynizileq)
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Table 5 Type and concentration of acid needed for product acidification and cut-off

pH of the products. (Cont’d)

Products Acid used Acid Average
concentration pH values!
(wiv) (Range)

Canned cha-muang leaf curry Not used Not used 2.78
soup (Chanthaburi’s recipe) (2.76 — 2.81)
(Garcinia cowa Roxb.)
(UMFEUNDTTYNIT]04)
Canned cha-muang leaf curry Not used Not used 3.57
soup (Rayong’s recipe) (3.55-3.5%)
(Garcinia cowa Roxb.)
(UMNIBENNUITINTI]04)
Canned longan in syrup Malic acid 0.50 3.89
@loussynaziloq) (3.85-3.94)
Canned nata de coco in syrup Citric acid 0.10 2.95
AQuugwinussynsziles) (2.91 -2.98)
Canned nata de coco with Citric acid 0.10 3.54
pineapple in syrup (3.49 - 3.58)
AQuuzndneauduilzsauss
nizileq)
Canned neem blossom in brine | Citric acid 0.50 4.20
(Azadirachta indica A. Juss.) (4.19-421)
(aznussynizileq)
Canned palm nectar drink Citric acid 0.24 4.30°

¥ + . . 2
(ﬁ’l@]’]aa@ﬂiﬁﬂﬂigﬂﬂﬁ) MallC aCld 0.24 4.30
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Table 5 Type and concentration of acid needed for product acidification and cut-off

pH of the products. (Cont’d)

Products Acid used Acid Average
concentration pH values®
(wiv) (Range)
Canned rambutan in syrup Citric acid 0.20 4.03
(zu359nIzileq) (4.00 - 4.07)
Canned Termitomyces Citric acid 0.39 4.09
mushroom in brine (4.01 —4.14)

(Termitomyces sp.)

9
wia Tauluiundeussynsziles)

Canned toddy palm in syrup Citric acid 0.25 4.27
(Caryota urens) (4.20-4.32)

(gnaavssynizileq)

Canned water chestnut in Citric acid 0.40 4.27
syrup (4.22 — 4.35)

wiussynszileq)

'Average from measurement of 3 samples.

*The acidified product at this pH value was sensory unacceptable.

5.2.3 Water activity (ay) of the sampled products
Deep-frying process could be used for adjusting products’ water
activities to be lower than 0.85. While, salt was needed to add into the paste-like

product e.g. curry paste in order to obtain such low water activity (Table 6).
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Table 6 Water activity (ay) of the sampled products which were produced in the

study.
Products Average
aw values'
(Range)
Canned concentrated fermented fish viscera curry paste 0.721
(0.715-10.733)
Canned deep-fried frog with chili paste 0.614
(0.601 — 0.627)
Canned deep-fried frog with garlic 0.557
(0.545-0.577)
Canned deep-fried frog with tomato sauce 0.486
(0.326 — 0.570)

'Average from measurement of 3 samples.

5.3 Verification of different kinds of pH meter used for quality

assurance

To specify the type of pH meter that can be used for the acidification quality
assurance, 3 kinds of pH meter were studied. From Table 7, it demonstrated that 1-
digit, 2-digit and table-top pH meters did not show the same pH values or were not
even different in the predictable directions. The variation from measurement of table-
top pH meter could be as high as 0.40. Besides, certain variation was also found

among the different hand-held pH meters of the same digit number.
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Table 7 pH values of various products which were read from different hand-held

meters as compared with the readings from table-top pH meter.

Product 1-digit 2-digit pH meter Table-
pH 1t 2 3" 4™ top
meter meter meter meter meter pH
meter

Bottled coconut gel in 5.2 5.16 5.14 5.15 5.13 4.92

syrup, Chaokoh™

Bottled coconut gel in 4.5 4.43 4.43 4.46 4.39 4.22

syrup, Nam thip™

Bottled coconut gel in 5.0 5.06 5.02 5.02 5.02 4.70

pandan leaf syrup,

Nam thip™

Canned toddy palm in 4.3 4.24 4.19 4.21 4.16 3.84

syrup, UFC™

Canned choice sliced 3.9 3.82 3.77 3.79 3.71 3.61

pineapple in heavy

syrup, Malee™

Canned rambutan in 4.4 4.25 4.22 4.24 4.20 4.02

heavy syrup, Malee™

Canned longan in heavy 4.4 4.20 4.19 4.19 4.05 4.09

syrup, UFC™

Canned fruit cocktail in 3.8 3.69 3.72 3.69 3.70 3.58

heavy syrup, UFC™

Canned longan in heavy 4.2 4.16 4.16 4.18 4.16 3.95

syrup, Malee™

Canned rambutan 4.1 4.05 4.05 4.06 4.05 3.86

stuffed with pineapple

in heavy syrup, UFC™

Canned lychee in heavy 4.4 4.17 4.18 4.19 4.18 4.07

syrup, Malee™
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Table 7 pH values of various products which were read from different hand-held

meters as compared with the readings from table-top pH meter (Cont’d)

Product 1-digit 2-digit pH meter Table-top
pH 1 2" 3" 4™ | pH meter
meter meter meter meter | meter
Canned lychee in heavy 4.2 3.99 3.99 3.97 3.99 3.90
syrup, UFC™
Canned kernel sweet corn, 6.2 6.09 6.08 6.07 6.09 6.14
Tastee™
Canned pickled cucumber 5.4 5.45 5.44 5.44 5.41 5.69
in soy sauce, UFC™
Canned pickled mustard 4.3 4.14 4.16 4.14 4.12 4.43
in brine with chilli,
Mae-Jint™
Canned sweet pickled 3.9 3.88 3.85 3.87 3.81 4.09
mustard with chilli,
Roza™
Canned mixed pickles 4.2 4.17 4.16 4.17 4.11 4.42
with herbs, UFC™
Orange marmalade, 3.1 3.18 3.16 3.22 3.12 3.38
Best Foods™
Low fat yoghurt LC1, 4.5 4.41 4.38 4.38 4.33 4.51
Nestle™
Drinking yoghurt, 3.8 3.85 3.81 3.83 3.79 3.79

Meiji-Paigen™
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5.4 Knowledge achievement from 2" video tape and instruction

manual

Table 8 indicated that the scores of subjects of all groups were significantly

improved (p < 0.05) after they had watched the film. On average, the scores were

improved from 30% to 61%. The post-test scores of studied groups were above 50%

except in the producers. The group of lowest score (48.1% of the total subjects) was

the producers, which the producers of bamboo shoot packed in closed container earned

only about 29.4%. The officer group earned the highest score of up to 90%.

Table 8 Results of the test for knowledge achieved from the 2™ set of media in

officers, producers, traders and vocational school students.

Test score Pre-test Post-test
(Full score = 17 pt.) (Mean +S.D.) (Mean +S.D.)
Officers (N =5) 10.60 + 1.52 15.20+2.05
Producers (N = 34) 4.36+1.89 8.18 +3.32
Traders (N =42) 493 +2.85 10.76 + 3.55
Students (N = 45) 531+2.19 11.31+3.58
Total (N = 126) 5.16+2.83 10.44 +£3.77
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CHAPTER 6
DISCUSSION

6.1 Knowledge achievement from 1% video tape and pamphlet

The pre-test on knowledge of video tape and related media in the involved parties
showed that they had very little background knowledge on food canning, even all of
them had been in this business for certain period of time. Such situation indicated that
the government extensionist should be the first party needed to be educated, especially
before performing this kind of assignment. The developed video tape could be an
efficient tool in providing the background information since the subjects after
watching could understand the critical information clearly, especially for the officers
which had a higher education background than the other groups of subject. The
presentation in play-style should be the good way to convey this basic message to

groups of people with various education backgrounds (Appendix I).

6.2 Modification of the production processes for safety purposes

The kinds of product listed by Saengsuratham were mostly produced
commercially as acidified foods at the industrial level. By lowering pH of the
products to be lower than 4.6, the product did not need to be commercially sterilized
by using complicated equipments such as retort. The process for commercial
sterilization of acid and acidified foods was much simpler and required low investment
i.e. needed only atmospheric cooking. Therefore, the sterilization process for foods
packed in hermetically sealed containers of pH 4.6 or lower could need only vessels
for boiling water; and cooking period could be timed by observing boiling water.

Citric acid was the most appropriate choice of acidulant due to its lowest cost,
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availability, no effect on product’s odor, and versatility in various kinds of product.
However, citric acid by nature had a potent sourness, which could affect sensory
acceptability of certain food products. Therefore, acidulant that had a less potent
sourness such as malic acid, which had a higher cost, was instead used in some
products such as canned longan in syrup. Certain food products might not be
acceptable when acid was added e.g. palm nectar drink. These products were low-acid
foods and therefore must not be produced at the premise that was not technically
feasible i.e. small producer and farmer woman group.

Bamboo shoot in water packed in hermetically sealed 20-L metal container was a
unique case, since it was widely produced by large number of very small producers all
over the country. The product was also found to cause death in consumers due to
botulinum toxin (3, 4, 5, 18). The production at industrial scale was mostly performed
without acid added. In some cases, lactic acid fermented bamboo shoot was produced
in order to be the other choice and also reduce the complication of sterilization
process. It was found in this study that acidification process for bamboo shoot
required pre-cooking process in order to remove certain natural substances which had
buffering capacity and later could affect in pH lowering process. In some areas,
producers preferred to pack bamboo shoot in unpeeled form, which might reduce the
ability in removing the natural buffering substances during boiling. As shown in
Table 4, pH of the 1 boiling water from unpeeled bamboo shoot changed much more
the one from peeled bamboo shoot, which indicated that less buffering substance was
extracted from the unpeeled bamboo shoot into the boiling water. The acidic taste of
the acidified bamboo shoot might not acceptable by consumers, unless the acidified
product was boiling twice in water before consumption. Since such practice was not
the normal way of consumption, therefore the study on behavior change of consumers
also needed to be conducted. Other major changes suggested to the packed bamboo
shoot producers were on the use of new metal container and water-bath for cooking
instead of direct flame.

Canned cassia leaf was acid food by nature, which was unique in sensory
characteristic and widely found all parts of the country. This local Thai herb should be
a good example for the promotion of the products that were produced by using locally

available raw materials. Canned Cha-muang leaf curry with pork was also another
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example of unique local-style product that used Cha-muang leaf as the sale point.
Cha-muang leaf contained acid that could effectively reduce pH of the product,
however not for the one with pork. In this research, we therefore recommended to
remove pork from the product and sell as a canned Cha-muang leaf curry soup. With
such modification, the product became acid by nature without any additional acid
needed.

Acidification therefore was one of the most appropriate processes for producing
food products packed in hermetically sealed containers at small-scale production
premise, especially farmer women group, since the process could control the
germination of Clostridium botulinum spore and consequently inhibited the production
of the deadly toxin. However, certain points in the process still needed to be strictly
controlled i.e. percent of acid in liquid phase and ratio of solid and liquid phases,
which could be the critical control points (CCP) of this product. Weighing machines
with appropriate ranges were highly necessary.  Other significant factor was that the
production must be under supervision of the knowledgeable staffs, who understood the
principal of the acidification process.

In certain products of other characteristics such as dried, deep-fried, thick paste,
reduction of water activity until below 0.85 could be the appropriate choice. (1, 19)
A water activity value below 0.85 is the lowest a, that allows the growth of the most
xerotolerant pathogen i.e. Staphylococcus aureus, and the product can be
commercially sterilized under boiling water, as well. The techniques used for free
moisture reduction included increasing solute content and removing free water. Curry
paste could be safely produced by using the former technique, which was performed
by adding salt into the recipe at the level that was high enough to reduce a,, to be at or
lower than 0.85 but the product was still not too salty after it had been used for
cooking. The latter process was in fact performed by certain producers for the
production of canned deep fried frog and catfish. However, better control during

frying was needed in order to guarantee for the consistency of the a,, value.
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6.3 Verification of different kinds of pH meter used for quality

assurance

The pH meter was identified by the Thai FDA to be the most important
equipment for quality assurance of acidified products. However, there are many kinds
of pH meter available in the market such as hand-held and table-top models. Each
model had different advantages. Hand-held model was more available, easier to use
and cost much lower, therefore principally should be appropriate for using at the
small-scale production. The table-top model which was widely accepted as the
standard instrument for pH measurement was more complicated and cost more.
Therefore, the hand-held model needed to be verified for its accuracy and precision.
However, the measurements from hand-held pH meters both 1 and 2 decimal kinds
were found to be inconsistent and did not have predictable direction. The values were
not precise and inaccurate as compared to the standard values from the table-top one.
Hand-held pH meters were not appropriate for using in quality assurance process of

acidified foods.

6.4 Knowledge achievement from 2" video tape and instruction

manual

The 2" video tape which contained information on detailed production processes
of various products might not be appropriate to small producers that were interested in
only the processes of their own products (Appendix J). This video tape was suitable
for the audiences that had some background in food production and were interested in
using the information in details, such as government officers and extensionists, and
vocational school students. This video tape therefore was suitable for being used as a
reference for producers that wanted to study only the process of their interested
products; and the method used for testing knowledge in the video tape in this group of
audience must be different for the one used in this study. In order to efficiently
convey the message in this video tape to the producers, the media should be made only

for the products of their interests.
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CHAPTER 7
CONCLUSION

Two sets of media were produced as video tapes and printing materials in order to
provide information to involved parties of small-scale production of food products
packed in hermetically sealed containers. Contents in the media consisted of
information on CI botulinum, health hazard of its toxin and prevention method, and
safe production processes of 15 food products packed in hermetically sealed
containers for preventing botulinum toxin production by using acidification (pH < 4.6)
and dehydration (Aw < 0.85) techniques. The 1% set was found to be appropriate to all
involved audience groups, while the 2™ set could serve only the professional groups.
The producers might need different sets of media that consisted of knowledge on the
products of their interests. Acidification process could be performed by using either
citric or malic acid. Additional process or recipe modification was required in certain
products in order to obtain the desirable pH value. Deep-frying and salt adding were
appropriate techniques for dehydration. Hand-held pH meters were not recommended

for using in the quality assurance process of acidified food.
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APPENDIX A

Notification of Ministry of Health
B.E. 2535 (1992) No. 144

Re: Foods products packed in hermetically sealed containers
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APPENDIX B

Research conceptual framework

Safety problems of food products packed in hermetically sealed containers
produced at cottage industries in Thailand

Basic Processing Quality
Knowledge Assurance
1% media Listing of unsafe Hand-held pH meter
‘ products verification
Knowledge Potential in using | s
; . . Test for precision and
achievement test simple commercial
i accurac
steriliztion y
Yes No Pass Not pass
Process Treated Recommended Not
Modificaton as LACF for using in recommended
: ‘ ‘ quality
assurance
Acid by Nature Acidification Lowering ay RICECSS

[ ‘ J

Sensory acceptability test

Acceptable Unacceptable
nd - Treated

2" media as LACF

Knowledge

achievement test

Fig 15 Research conceptual framework
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APPENDIX C
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APPENDIX D
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APPENDIX E

Questionnaire of 1* media
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APPENDIX G

Process manuals of food products packed in

hermetically sealed container for cottage industries
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