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ABSTRACT

Local condiments consumption is a key constituent of diets throughout the east coast of Peninsular
Malaysia. Little evidence-based knowledge is known of the morphological changes that may impinge on
oral health due to consumption of these local condiments. VPSEM, a new highly developed model of
scanning electron microscope with simplified preparation of the tested material before use (Billy, 2000),
has never been utilized before to study the effects of these locally available Malaysian condiments. This
study is an attempt to pioneer the utility of high-resolution microscopy especially with VPSEM in elucidating
aneed to qualitate these condiments by scientific investigation thus, hoping to improve this commercially
viable products present quality. At present their quality attributes are based mainly on flavor and smell.

KEYWORDS: Anchovies and fish sauces; soy and tomato condiment, high-resolution microscopy and
Variable pressure scanning electron microscopy (VPSEM).

INTRODUCTION

Fermented foods are essential components of the diet in a number of developing countries, and are
consumed either as main dishes or as condiments (Steinkraus, 1996). Fermented condiments are product
of fermentation evolved for the development of taste or aroma; it often resulted in enhanced nutrition,
stabilization of the original raw materials, and detoxification of anti-nutrient factors. Several fermented
condiments relied on the introduction of various organisms such as from the Bacillus species, including
Bacillus natto and B. subtilis. With the selected ingredient and additives, the finished products are of a very
local character and usually will exhibit sensory properties resulting from unique selected flora and ritual
processing technologies applied in small scale, home-based fermentations (Beaumont M, 2002). Due to
the lack of scientific and technological know-how, these commercially viable locally produced fermented
condiments are generally evaluated on the basis of subjective qualitative attributes such as odour and
flavour. '

Kelantan is a state in the east coast of Peninsular Malaysia. Among its traditional foods that remain
to be part of the regular diet of a large segment of the population, is a type of condiment known locally as
‘budu’. The lavious enjoyment of local condiments consumption remains akey constituent of diets throughout
many parts of the east coast Malaysia. Most of these condiments were prepared by incubating the fish or
shrimp in high concentrations of salt and under high humidity at ambient temperature over several months.
Generally, the fish sauces were only made from selected fish species such as anchovy and sardine (Jung-
Nim Park, ef al, 2001). Fish and other types of marine-derived food are good sources of long-chain
polyunsaturated fatty acids. Fatty acids are essential elements for neural development in the infant in utero
and during the first few years after birth (Uauy, Mena, & Rojas, 2000). The particular fatty acid incorporated
in the brain and retina of the developing infant is docosahexaenoic acid or DHA. Since the human body
lacks the enzymes to manufacture fatty acids, DHA must be supplied by the diet, or produced in vivo from
diet-derived fatty acid precursors such as linolenic acid.
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Other condiments consumed are the traditionally fermented soybean condiments, such as soybean
paste and soy sauce, that are commonly consumed by other people in South East Asian countries
(Mongkolwai, Assavanig, Amnajsongsiri, Flegel, & Bhumiratana, 1997). Soy sauce has been known to
contain strong anti-oxidative and free radical scavenging activity (Yamaguchi, N. and Fujimaki, M. 1974).
Although the nitrogen compounds were emphasized as one of the important factors on antioxidative activity
of soy sauce, the main components of brown color products in soy sauce were recognized as melanoidin,
the end products of Maillard reaction process, which is also strongly suggested as a compound holding

antioxidative activity (Gapsoon Moona, et al., 2002)

Itis well known that mineralised human tissues such as its bones and teeth react to various physical
and chemical stimuli. These reactions are often observed quite differently to that of other tissues and
organs of the body. The demineralisation of bone matrix and of fully calcified bone have been studied by
Boothroyd (1964), and Thorogood and Gray, (1975), whereas the mineralisation research was conducted
on tooth tissue by Watson (1960) and Decker (1973). However studies have yet to be carried out to
observe the relationship between the consumption of local sauces with the natural process of demineralisation
and loss of crystallites from the mineralised tissues that might be induced and attributed by regular consumption
of these local delights. Thus little is known of the histo morphological changes that might occurs and that
might give rise to high incidences of oral health issues such as white spots and fissures caries tooth formations
that may be associated with the consumption of the condiments. ‘

Design and setting:

e This current study was designed to investigate the predisposing role of selected local condiments
on white spots formation on healthy mineralised teeth structure.

e The study was conducted in the Health campus of Universiti Sains Malaysia that is situated in the
east coast of Peninsular Malaysia. The primary objective was to assess the ultra-morphology
changes that may occur and correlate the finding with the adherence properties of the selected
condiments.

e Toregister a national morphological database on effects of local consumption of these sauces
especially to the mineralised tissues of the human body.

e Itishope that insights gained from this study will further update knowledge of regular consumptions
of'the condiments. The data obtained will also be useful in nutritional evaluation of segments of the
population consuming these food products.

Experimental methodology

Fish anchovies, tomato sauce ketchup and soya sauce were randomly selected from the wide range
of commercially available product list for the pilot study. Only fresh varieties of the identified local condiments
based on expiry dates will be used. Each portion of the identified condiments was placed into various
labelled 100 ml bottle containers. These specimen containers will then be fixed to a variable low torque
speed vial rotator at room temperature; (this will help to improve the penetration of the condiments ingredients
1nto the mineralised tissue). Ph and the expiry dates of each condiment will be regularly noted. The mineralised
ussug will be initially disinfected with Tymol gargle, then directly immersed into each labelled condiment
containers. Regular daily changes of fresh portions of the various condiments were subjected to the
Hiheralised tissues. Each day the various morphological changes were examined macroscopically using a
slereomicroscope; by when every each morphological change observed was clerked and recorded. Under
normal circumstance a complete demineralisation of a tooth structure will hypothetically be achieved within
the late fourth to the fifth wéek, hence the morphological changes will be studied by late fifth week. On the
fifih week, each mineralised tissues was chemically fixed for a full duration of one day with full strength
Kamovsky’s solution (pH 7.0) following which they were rinsed gently in Ringers solutions. (Ifneeded, the
chemically fixed specimens were then x-rayed to check for radiolucency and radio-opacity). The specimen’s
Were prepared as ground section where they were sectioned as unstained sections using a diamond saw
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microtome at selected 20?m specimen thickness increments. Each ground sections were then grinded and
polished for optical microscope observations, The ground sections were observed under the LEICA
stereomicroscope and variable pressure scanning electron microscope. The ground section was initially
washed with phosphate buffers solution. No osmification was carried out. The preparation was examined
under the LEO-VPSEM using its peltier cooling sub-stage at 35 to 48 Pascal pressure at an accelerating
voltage of 15kV and around 9mm to 15mm working distance. The tooth ground sections they was
examined initially from their occlusal surface, then to the pulpal border and clerked. Photomicrographs
images of the sections were taken and then transferred to Leica imaging workstation to enable accurate
analysis of the demineralised areas. The resultant image was measured and colour-coded in accordance to
various histogram classes. :

The immersion experiments were based on various time intervals recorded at 24-Hours, 72 hours
to 4 days and finally 4 weeks and after. Visual stereo and VPSEM chartmg of various morphologxcal
changes will be recorded.

RESULTS

1.pH and immersion in condiments experiments

The results from this study indicate that the pH of the condiments used were consistent through the
period of immersion experiments. The mean pH are as follows: Tomato sauce mean pH=4.3. Anchovies
sauce mean pH = 5.97. Soya bean sauce mean pH=>5.1.

24-Hours, immersion
() Stereomicroscope observations.

" No changes or deformation was observed on the surface occlusal morphology of the entire tooth
crown immersed in the various condiments selected.

(i) Variable pressure SEM observations.
The thread like structure observed spiraling at some regions of the mid dentine in the ﬁsh anchowes
condiments immersion experiment preparations.

72 hours to 4 days immersion
(ii) Variable pressure SEM observations.

In fish anchovies condiments immersion experiments, the finding observed was consistent with the
24 hours finding observation. The thread like structure suggestive of putative odontoblast process was still
observed in mid-dentine region.

In the tomato sauce condiments immersion experiments, at the coronal end of the pulp chamber the
pulpal tissue seems to be totally dissolved and absent of any soft tissues remnants. The mid dentine tubules
was well defined and also clean of any putative structures. At 2000X magnifications, the dentinal tubules
was observed as shallow furrows with blunt borders and edges, no sharp demarcation edges was observed.
Such an observation gives this region of the dentine an appearance, dentinal tubules of a wider diameter
width. At the enamel dentine junction (EDJ), literatures have reported that the dentinal tubules here are
filled with peritubular dentine with its main mineral component of calcium phosphate. Although considered
amorphous, this peritubular dentine was reported to be crystalline octacalsium phosphate (Berkovitz,
Holland and Moxham, 1992). In this experiments when observation under the VPSEM at the enamel
dentine junction was conducted, the sample inserted in tomato sauce condiment shows no crystalline
peritubular dentine present. What was observed at the EDJ was the folding waves/contour of the gaps or
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the intertubular dentine between the tubules. It is hypothetically suggestive that this fﬂldmg»Wav&is an
indication that demineralization process 1s occurring at that site.

wls Din the:3oyisauce condiments imimersioniexperiinentsthe pulptissue Wwas observed te:be presentand
wellintact as awhole connective tissuébundle vetitis abit displaced formvits actual adherentlocation e,
fothé corenalpait of the pulpchamben Itissuggestive the:pulpal tissiie heré isyndergoing & Slow: proceiss
of disorganizationand:displacement:No folding waves wéte observedinthe interubulat.dentine :Soy
sauce was alsopresentinthe tubliles: The soy satice is the Onlycondiment that was:abserved present at
this timedntervalinthedentinal tubules although all preparations fromthe immersion experiments-was
gently'washed before placement on te the:stud of the peltier stage camber for VPSEM observations.

Figurel
ﬁtereomeroscope photernicrographioffooth ﬁnamdﬁpast«nnmersed inthe. selecﬁed | condiments !

Infanthoviessauces “Intomatorsiuce: ’ {n»oyksaucef '

ﬂiweeks:immwsions

(’) Stereomlcroscope observauons. fa¢

= Surfaceocclusal: moxpholoqufthe toouuau uwWLLWaS oDserved usmgihestereomlorosoope at 16X
:Toma_to sauce:specimens showed signs:of demineralisation as early as week 4 inimmersion: They were
softin texture and flabby like inniature, this phenomenon-was not observed in the other condiment immersion
samples.

i) -Variable pressure SEM observations..
-'The use of the:saw microtome leads to the formation-of smearlayer impregnated-on the cut smface
‘of the tooth. The smearlayers-were thick and visible seems especially.in the tomato sauce specimens.
‘Observation of its surface topography was almost impossible, although attempt-was made to remove the
:smear layer with:the use of 35 phosphoric acid for 1 minute. The specimens were then gently fractured to
rovoid the cut surface. The fracturing technique was conducted gently with precision hammering with the
use of amallet. Observation was madeusing the VPSEM at 9mim working distance at 47 Pascal pressure
with the (back scattéring electron) BSED mode. The results can be summarised asbelow; - -~ - 3
a. there wasno smear layer observed around the fractured surface in all specimens. Smear layer
was only observed on the cut surface and of the three groups of specimens-condiments samples;
the least coated was the surface of specimens immersed with Soya bean ketchup. -

‘The tomato sauge specimens were covered with a well-defined coating believed to be theadherence
-ofthe sauce and smearlayeronthe surface aréa-of the specimens. This was interesting to be observed and
noted as the phenomenon of coating was niot observed to occurin other specimens with-other condiments
although all of them have been thoroughly washed under running tap water and the naked eye do not show
any present of a coating or acquired pellicle like surface of what ever sort of colour to be present.
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DISCUSSIONS

The mean average Ph of our selected fish anchovies condiment budu, is 5.97. At this average Ph, it
seems that of the three selected condiments used in this study, the fish anchovies showed the least and slow
characteristic changes observed macro and micro-morphologically. From past studies the mean average
Ph value of fish sauces produced in the South East Asia region was cited within 5.4 to 5.8 Ph level,
Myanmar fish sauce is at an average mean Ph value of 6.23, Laotian 4.90 and Chinese fish sauces at 6.15
(Ren, et al, 1993, Fujii, et al., 1992). The pH value of fish sauce was also noted to be of a higher reading
then soya sauce where they ranged from 4 to 5 pH. It will be inferesting to study if the various morphological
changes observed here will be similarly observed when immersed in the above condiments, The fish sauce
was also reported to be of high salt concentration (15 to 25%w/w), hence not recommended to be

- consumed in high quantities (Aryanta, efal., 1991).

The tooth preparations used in this experiment, are from freshly surgically removed wisdom teeth
gained from consented patients at the government dental clinic Jalan Mahmood Kelantan. The tooth
preparation comprises of enamel-dentine and coronal pulp tissues. This tooth model was selected as the
mineralised preparation for not only of the anatomical features but due to the fact that this structures of the
tooth are in direct instance contact especially linked to adherence principals with the selected condiment
once consumed. The various stereo and VPSEM morphological changes reported should be database
beneficial to the oral care worker. This information can increase awareness and scientific-based oral heath
- promotion towards better lifestyle eating habits especially from the consumptions of local pride condiments
from locally available home based industries.

The early demineralization stage observed under the stereomicroscope was identified as well defined
whitish chalky areas or island patch that are usually visible on the occlusal margin and ridges of the tooth
crown preparations. This whitish chalky island is a sign of an early caries formation identified as white
spots and this is related to demineralization of the tooth hardest tissue, the enamel. We believed that this
process of enamel demineralization is maximized by the fourth week especially in tomato condiments
immersion experiments. However, if the soft tissue such as the pulpal tissue is allowed to be exposed and
thus allowing the condiments to adhere to it, then as early as within 24 hours there will be total dmmtcgtatlon
of the softtissue leading to a non-vital stage of a former vital tlssue structure.

The variable pressure SEM technique for microstructural observation requires no chemical fixation
process, and thus reduces the preparation time and possible artifacts, as compared with the usage of the
conventional scanning electron microscopy. The local condiments selected here is a series of widely available
commercial home based products that were prepared by ritual and anecdotal. So far, with no scientific
based microscopy efforts have ever beenrecorded to enhance and hence to regulate further its quality. To
the knowledge of the present researcher the closest quality control evaluation is limited to subjective
qualitative attributes such as flavor and odour. Hence, high-resolution microscopy monitoring and evaluation
investigations especially with the usage of VPSEM is highly recommended and as shown here have proven

necessary for improving quality and for advocacy.

Small-scale home industries based food fermentation technologies in Malaysia and its neighboring
countries is by ritual have evolved through years of experience (or village-art methodologies), rather than
through novel scientific breakthroughs. Many of these small-scale manufacturers are therefore, illiterate
thus reluctant to accept changes and modify their fermentation processes. Upgrading the quality and safety
of fermented foods, while reducing their production cost and maintaining their authenticity and uniqueness,
is of utmost importance and high-resolution microscopy can do its part here.
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CONCLUSION

Consumption of local condiments is a delight that is commercially viable and demographic specific
that colors one’s culture. Although pH and mineral content is believed to have played hypothetically a
significant role in the changes observed; it was most likely that the adherence, viscosity and permeability
capabilities of each selected condiments to the dentine pulp complex preparations that have lead fo the
morphological changes observed.
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Below are the VPSEM photnmlcrographs illustrations of the dentine slads preparations that were immersed
1N Various condlments selected.

i gilre I0.
"The 3 VPSEM micrographs of fish anchowes% soy sauce and tomato sauce dentine pulp fissue morphological
changes observed in clockwise manner post immersion.
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