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Summary Multi-micronutrient (MN)-fortified fish cracker could be used as a means to improve iodine, iron (Fe)

and zinc (Zn) status. We evaluated iodine stability as well as the quality and sensory properties of MN-

fortified fish cracker, at the fortification levels of 5.3 mg per 100 g for Fe and Zn and 260 lg per 100 g

for iodine in the dough. On average, the overall retention of iodine after processing and storage for

4 months was ~65%. Fortification with KIO3 + ZnO, or KIO3 + ZnO + ferrous fumarate, significantly

increased the loss of iodine during processing. The Fe compounds tended to promote iodine instability

during storage and contributed to thiobarbituric reactive substances. Fortification did not affect linear

expansion of the cracker. Triple-fortified fish cracker with KIO3, ferric pyrophosphate and ZnO exhibited

both high iodine retention (92.7% for steaming + drying and 72.7% for storage) in the tropical conditions

(30 � 1 °C, 80 � 5% R.H.) and achieved overall desirable sensory scores. Thus, such fortification of fish

cracker might successfully supplement iodine, zinc and iron, while at the same time contributing to the

palatability of cracker.

Keywords Fish cracker, fortified cracker, iodine stability, iron, linear expansion, zinc.

Introduction

Iron (Fe), zinc (Zn) and iodine deficiencies are global
health problems, prevalent not only in developing
countries but also in the developed world. Iodine defi-
ciency disorder (IDD) (de Benoist et al., 2008) and Zn
deficiency (IZiNCG, 2004) currently affect more than
2000 million people, and globally over 30% of the
population is anaemic, mainly with Fe deficiency
(WHO, 2008). These micronutrient deficiencies impair
physical and cognitive development and lower immune
competence, as well as increasing mortality and mor-
bidity rates in children. In addition, the individual
often suffers from multiple deficiencies (Winichagoon,
2008). In the less-developed countries, these deficien-
cies have serious health consequences, especially in
women of reproductive age and in young children,
with large impacts on economy and national develop-
ment. The latest Thai national nutrition survey (Minis-
try of Public Health, 2006) reported that around 20–
50% of pregnant women and young children suffered
from anaemia. National surveillance data for control-

ling IDD showed that 59% of Thai pregnant women
had urinary iodine levels below the 150 lg L�1 thresh-
old level that defines deficiency (Bureau of Nutrition,
2009). Prior studies have found Zn deficiency in 60%
(Thurlow et al., 2006) and in 50% (Pinkaew et al.,
2013) of school-aged children, in the north-eastern and
southern parts of Thailand, respectively.
Food fortification is recognised as the most econom-

ical approach to combat micronutrient deficiencies
because of its relatively low cost and long-term sus-
tainability (WHO/FAO, 2006). Multifortification has
become more attractive since the recognition that
coexisting nutrition deficiencies can reduce the benefi-
cial impact of a single nutrient supplement or fortifica-
tion in improving nutritional status and reducing
morbidity (Winichagoon, 2008).
Salt iodisation is a well-known efficient strategy for

combating IDD (Chanthilath et al., 2009), and there
have been attempts to fortify salt with other micronu-
trients such as vitamin A, Fe, Zn, calcium and folic
acid (Lotfi et al., 1996). However, it is technically
challenging to fortify salt or other foods with highly
bioavailable Fe compounds and iodine, as iodine is
unstable and has undesirable organoleptic properties*Correspondent: E-mail: pinkaew.siwaporn@gmail.com
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(Diosady et al., 2002a; Chavasit et al., 2003; Wegm€ul-
ler et al., 2003). In both developing and developed
countries, the major source of energy is cereal-based
products, so it seems difficult to satisfy the iodine
requirements without supplementation (Thomson,
2009; Longvah et al., 2012), especially when low salt
consumption is pursued due to health concerns. These
factors contribute to the high prevalence of IDD (Win-
ger et al., 2008). Therefore, finding an appropriate
food vehicle for iodine fortification is desirable.

Fish cracker is a popular snack commonly con-
sumed in South-East Asia (SEA), and its consumption
is growing annually (Karrila, 2011). In Thailand, fish
cracker is the most popular in the southernmost prov-
inces. Large amounts of fish cracker produced are dis-
tributed within Thailand, as well as exported to
neighbouring Malaysia and other countries (Chai-
mongkol, 2012). Fish cracker is lightweight and has a
relatively long shelf life as a half-finished intermediate
product (IP). Its affordable price is another advantage
as a potential food vehicle. Therefore, the fortification
of Fe, Zn and iodine in fish cracker could help
improve the nutritional status of people at risk, espe-
cially in SEA. However, one of the main problems in
fortifying Fe and iodine is that they are both very
reactive, and iodine is volatile, so it can easily be lost
during processing and storage. Iodate is a strong oxi-
dising agent, while iodide is a strong reducing agent,
so iodine compounds can participate in redox reac-
tions in general. They can react in food and cause col-
our changes, increase oxidative reactions, reduce shelf
life and decrease the bioavailability of iodine itself as
well as other nutrients (Winger et al., 2008).

The objective of this study was to examine the
effects of iodine, Fe and Zn fortification in fish cracker
on iodine stability during processing and up to
4 months of storage, as well as determine the physical
and chemical properties, and on sensory acceptability
of fortified fish cracker stored for 3 months in tropical
ambient conditions.

Materials and methods

Materials

Fresh rainbow sardines (Dussumieria elopsoides) were
purchased from Pattani fish market, Thailand, and
transported in an ice box to the Department of Food
Science and Nutrition, Prince of Songkla University,
Pattani campus, for sample preparation. The other fish
cracker ingredients, namely tapioca flour (Lion brand,
Thailand), salt, pepper and garlic, were obtained from
a local market. The Fe, Zn and iodine (analytical
grade) compounds used to fortify fish cracker were as
follows: ferrous fumarate (FF), ferric pyrophosphate
(FPP) (Sigma, Schnelldorf, Germany), zinc oxide

(ZnO) and potassium iodate (KIO3) (Univar�, Ingle-
burn, NSW, Australia).

Sample preparation

The formulation for the nonfortified control samples
contained 41.4% rainbow sardine, 41.4% of tapioca
flour, 1.2% of salt, 1.4% of pepper, 2.1% of garlic
and 12.5% of water, by fresh or ‘as is’ weight. The
fortification levels per 100 g were approximately
260 lg for iodine and 5.3 mg for Fe and Zn. Three
batches of fish cracker product (2 kg per batch) were
produced with each of six fortification treatments,
namely KIO3, KIO3 + ZnO, KIO3 + FF, KIO3 + FPP
, KIO3 + ZnO + FF and KIO3 + ZnO + FPP. In addi-
tion, three batches of control were produced. The steps
of preparation are described below.
The spices, pepper and garlic, were ground with salt in a

mortar to produce a paste. The fish were beheaded, gutted
and washed with cold water. Then, they were chopped
and homogenised for 30 min in a high-speed cutter (Cut-
tex M11N, Bayern, Germany), along with the obtained
paste, to obtain fish mince. In the meantime, tapioca flour
was mixed with the Fe and Zn compounds in a cube mixer
for 20 min. An iodine solution was prepared by dissolving
KIO3 in deionised (DI) water. Then, the tapioca flour was
kneaded with the fish mince in a mixer (Sinmax mixer,
Bangkok, Thailand) for 5 min, before adding the iodine
solution. The mixing was continued for another 25 min,
producing dough with a smooth appearance. The dough
(0.5 kg) was then rolled by hand to a cylindrical shape
~5 cm diameter and steam-cooked for 40 min. After cool-
ing overnight in a refrigerator, the cooked rolls were sliced
to 1.5 mm thickness with a mechanical slicer (Thai wa-
sino, Bangkok, Thailand). To produce the IP, the sample
chips were then dried with a tray dryer (Kluaynamthai,
Bangkok, Thailand) at 60 °C until the moisture content of
the samples decreased to 10 � 1%. The IP chips were col-
lected and packed in high-density polyethylene bags with
heat sealing (airtight) before storage (at 30 � 1 °C,
80 � 5% R.H.) for later use. The fish cracker-finished
product (FP), that is ready for human consumption, was
prepared by deep frying the IP in commercial palm oil,
fresh out of the bottle, at 180–190 °C for 1 min, using an
electric fryer (JAZE DF-81, Guangdong, China). The
above laboratory steps in the preparation of IP and FP
are closely similar to those used by the cottage industry in
southern Thailand in the commercial production of fish
cracker.

Iodine content

Retention of iodine was determined during production
of the IP, and monthly during storage in tropical con-
ditions for up to 4 months. The iodine content was
determined by inductive coupled plasma spectrometer
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mass spectrometer (ICP-MS), according to Julshamn
et al. (2001). The IP was ground to 40–80 mesh before
weighing 1.0 g of a sample in a screw cap tube, to
which 25 mL of DI water was added and mixed using
a vortex mixer. The sample suspension was centrifuged
at 867 g for 15 min, at room temperature. The super-
natant was collected and filtered through a micromem-
brane of 0.45 micron pore size. The iodine content in
the filtrate was determined with ICP-MS, using a stan-
dard curve generated with iodine standard samples.

Thiobarbituric reactive substances (TBARS)
The TBARS values of the control and the fortified fish
crackers were determined twice during storage, at 0
and 3 months, both for the IP and after frying to FP.
The TBARS was determined according to Egan et al.
(1981). Ten grams of sample was homogenised with
DI water and then transferred to a 250 mL round-bot-
tom flask. Another 47.5 mL of DI water was used for
rinsing the homogeniser and pooled into the same
round-bottom flask before adding 2.5 mL of 4 N HCl.
After adding 0.5 mL of antifoaming agent, the flask
was attached to a distillation column and 50 mL of
distillate was collected. A 5 mL aliquot of the distillate
was mixed with 5 mL of TBA reagent, and the mix-
ture was heated in a boiling water bath for 30 min.
After cooling, the absorbance was determined at
538 nm. DI water was used as the blank. The result
was calculated as follows:

TBARS value (mg malonaldehyde per kg sample)
¼ 7:8� A538:

A538 is the absorbance at 538 nm.

Linear expansion
The linear expansion (LE) occurring during puffing of
the IP to the FP by frying in hot oil was determined
for the control and fortified fish crackers after 1, 2 and
3 months storage. Each IP sample chip was marked
with three lines across its planar face (ten replicates).
Each line length was measured before and after frying
that causes the puffing. The percentage of LE was cal-
culated according to the method recommended by Yu
(1991).

LE ð%Þ ¼ length after puffing� length before puffing

length before puffing
� 100:

Colour
The colour of the control and the fortified samples
during storage was measured both for the IP and the
FP samples at 0 and 3 months using a colorimeter
(Hunter Lab; Cokor Quest XE, Reston, VI, USA).
The colour was expressed as lightness (L*), redness

(a*) and yellowness (b*). The equipment was standar-
dised with black and white colour standards. The col-
our differences are expressed as ΔEab defined by:

DEab ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDLÞ2 þ ðDaÞ2 þ ðDbÞ2

q
;

where ΔL, Δa and Δb are the colour coordinate differ-
ences between the fortified fish cracker and the unforti-
fied control sample, compared at the same storage
time. Fifteen samples were used for each treatment.

Moisture
The moisture content was analysed according to an
AOAC method (2000) by drying a sample in a hot-air
oven at 105 °C until it showed a constant weight. The
same samples that were used for determining iodine
contents were used in these determinations.

Preliminary consumer study
Twenty-five trained panellists were asked to evaluate
the FP products, both control and fortified fish crack-
ers, after 3 months of storage as IP and preparation of
FP immediately before consumption. The quality pro-
file included colour, porosity, fish smell, crispness,
taste and overall liking, with 9-point hedonic scale
varying from 1 ‘dislike extremely’, through 5 ‘neither
like nor dislike’, to 9 ‘like extremely’.

Statistical analysis

Data from the three batches of each treatment were
pooled and presented as mean � SD for % iodine
retention, TBARS, LE, ΔE, L* and sensory scores.
The retention of iodine during processing and at stor-
age times of 1, 2, 3 and 4 months as well as the other
physical and chemical properties was compared using
one-way ANOVA with Duncan’s test as the post hoc test.
P values < 0.05 were considered significant.

Results and discussion

Stability of iodine during production and storage

Retention of iodine after production and storage for up to
4 months (based on the uncooked dough)
Figure 1 presents graphically the retention of iodine in
the IP samples of variously fortified fish cracker,
immediately after drying of the chips. Among six treat-
ments, retention was lowest when fortified with
KIO3 + FF + ZnO (86.0 � 4.9%) and highest when
fortified with KIO3 alone (97.8 � 1.3%). The average
retention due to production across all fortifications
was 91.5 � 5.4%. While the iodine retentions with
dual and triple fortifications were lower than with
KIO3 alone, statistically significant differences were
found only with KIO3 + ZnO and KIO3 + FF + ZnO.
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Most studies on the stability of iodine have focused
either on iodised salt itself or on the replacement of
noniodised salt with iodised salt in various foods
(Chanthilath et al., 2009), while in the present study,
we added various fortificants directly to food vehicles.
Therefore, prior data on iodine retention after produc-
tion of fortified food are relatively limited. A recent
study about the effects of various Indian cooking pro-
cesses, using Indian recipes, showed an average
60 � 21% retention of iodine from added iodised salt.
The poorest 52 � 23% retention was obtained with
shallow frying in oil, and the best 82.2 � 6.2% reten-
tion with pressure cooking (Longvah et al., 2012). The
ICP method is widely used to determine iodine con-
tent; however, it might cause high variation (as seen in
above-mentioned study) due to interfering with others
elements. Another study with Indian recipes reported
the mean losses of iodine from iodised salt: 6% in
roasting; 20% in steaming, pressure cooking or deep
frying; 27% in shallow frying; and 37% in boiling
(Goindi et al., 1995). Panpipat & Yongsawatdigul
(2008) reported that the cooking losses of iodine in
freshwater fish sausage fortified with potassium iodide
(KI) and omega-3 fatty acid were about 14–16%. The
sausages were pre-incubated at 55 °C for 40 min
before cooking at 80 °C for 15 min. In the present
study, the loss of iodine during processing, namely
steaming for 40 min + tray drying at 60 °C for 3–4 h,
was ~2–14%, which was relatively low compared to
the above-mentioned studies. In particular, when fish
cracker was fortified with KIO3 alone, the losses were
only ~2%, despite steaming losses of about 20% in
prior studies. Several factors may contribute to the
good iodine retention we observed in this particular
case, and these are now discussed.

The fortificant KIO3 which was used in the present
study is more stable than KI and is recommended by
the WHO for using in iodised salts in tropical coun-
tries (WHO/FAO, 2006).

Iodine retention may be affected by the food matrix.
For example, in the Indian recipes (Longvah et al.,
2012), the iodine retention within the same cooking
method varied widely depending on the food variety.
Chavasit et al. (2002) clearly state that pH, metal ions,
ascorbic acid, sugar, various kind of spices and metal
utensils affect iodine losses. The content of metal ions
(Fe, Zn) in fortified fish cracker could contribute to
our observed low retention of iodine in the dual- and
the triple-fortified fish cracker. These metal ions can
be oxidised and forming iodate by reduction (Chavasit
et al., 2002), and this can convert to elemental iodine
(I2) which is readily evaporated at room temperatures,
especially above 40 °C (Diosady et al., 2002b). More
than seventy reducing agents are known and these can
contribute to iodine losses from KIO3, which is a
strong oxidising agent (Winger et al., 2008). In the
present study, the loss of iodine during processing to
IP was increased when fish cracker was fortified with
ZnO and even more when ZnO was combined with
FF, which is more soluble than FPP. Results from our
preliminary study showed that iodine loss increased by
a further ~18% when sun drying was used instead of
tray drying (data not shown).
Figure 2 shows that the average overall retention of

iodine relative to uncooked dough, after processing
and storage of the IP for 4 months was ~64.5 � 8.6%
and the differences between the fortification treatments
were not statistically significant. These results also
implied that the iodine content of IP mainly lost dur-
ing 4 months of storage, so the differences in losses
during processing (cooking the dough and drying the
IP, Fig. 1) were effectively erased.
For consumption, the IP needs to be fried to form

puffed cracker or FP. The loss of iodine during deep
frying could be as high as ~ 9% according to our pre-
liminary experiments (data not shown). Using this as
an estimate, the iodine retention might be ~ 55% in
the FP, when puffed after 4 months of storage as IP.

Figure 1 Retention of iodine in dough

through steaming and drying to an interme-

diate product (IP). Fish cracker with various

fortifications that are indicated by the labels.

*Significantly different from the other treat-

ments (P < 0.05).
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When the overall losses of iodine from dough to FP
are reliably estimated, an appropriate fortification level
for the dough can be determined.

Retention of iodine in IP during 4 months of storage
(based on IP at baseline, time 0)
During storage in tropical conditions (30 � 1 °C,
80 � 5% R.H.) for 4 months, the retention of iodine
relative to IP at baseline decreased gradually in all
treatments, as shown in Table 1. The only significant
difference within a treatment was detected between 1
and 4 months of IP fortified with KIO3. At 4 months
of storage, the highest (75.2 � 14.0%) retention of
iodine was found in triple fortification with
KIO3 + FF + ZnO. Dual-fortified fish crackers with
FF or FPP had the lowest iodine retentions of ~ 65%
after storage. However, there were no statistically sig-
nificant differences between treatments at any of the
time points. The loss of iodine during storage is partly
due to the reaction of KIO3 with moisture, and the
moisture content of fish cracker increased during stor-
age from 9.5% at base line to 10.5% at 4 months.
Diosady et al. (1998) suggest that moisture plays a
critical role in the stability of iodine. Moreover, the
interactions between iodine and Fe also contributed to
the loss of iodine in dual-fortified fish crackers, as
mentioned before. Several prior studies have reported
on dual-fortified salt, or on fish salted with iodine and
Fe (Chavasit et al., 2003; Wegm€uller et al., 2003;
Andersson et al., 2008; Li et al., 2010). Various types

of encapsulated and nonencapsulated FF, FPP and
ferrous sulphate (FS) have been tested for stability in
salt dual fortified with Fe and iodine (Wegm€uller
et al., 2003). Dual-fortified salt with FS showed rapid
losses of iodine and turned unacceptably yellow while
salt dual fortified with FPP retained 56–90% of its ini-
tial iodine content after 4 months of storage. A new
formulation of encapsulated agglomerated FF was
tested for the stability and efficacy in India where 20%
of iodine was lost over 6 months of storage (Anders-
son et al., 2008). Recently, 80% iodine retention was
reported in a dual-fortified salt (over a year of storage
in tropical conditions) when an extrusion process was
used to agglomerate the FF powder before coating it
with a hydrophilic edible powder (Li et al., 2010).
The comparatively high retention of iodine in triple-

fortified fish cracker relative to those dual fortified
with FF or FPP as observed in the present study be
contributed to the dilution effect with ZnO. This may
have lessened or prevented the interactions between Fe
and iodine in the food matrix, as described in a prior
study (Pinkaew et al., 2012).

TBARS values

The TBARS values indicate the secondary products of
lipid oxidation, which tend to degrade the aroma and the
flavour of a food product (Min & Boff, 2002). The
TBARS of IP and FP forms of the fortified fish crackers,
at 0 and 3 months of storage, are shown in Table 2. The

Figure 2 The overall retention of iodine

after processing and storage as intermediate

product for 4 months relative to uncooked

dough in ambient tropical conditions. The

labels indicate various fortifications of fish

cracker.

Table 1 Retention of iodine (%) during

storage of intermediate product (IP) rela-

tive to the initial iodine content in IP at

time 0

Premix 1 month 2 month 3 month 4 month

KIO3 97.5 � 2.4 95.4 � 11.9 75.7 � 11.2 73.1 � 6.2*

KIO3 + ZnO 91.1 � 6.4 95.3 � 18.0 67.9 � 8.3 71.0 � 8.1

KIO3 + FF 85.0 � 10.2 103.0 � 16.3 75.5 � 7.5 65.4 � 3.5

KIO3 + FPP 88.5 � 7.6 89.9 � 10.9 72.6 � 14.7 65.6 � 11.0

KIO3 + ZnO + FF 94.5 � 5.6 84.0 � 10.1 74.2 � 7.0 75.2 � 14.0

KIO3 + ZnO + FPP 91.0 � 8.7 94.8 � 13.2 75.3 � 12.9 72.7 � 11.2

*Significant difference from 1 month of storage (P < 0.05).
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TBARS values increased with storage time for all treat-
ments, for both IP and FP. The control IP at storage
times 0 and 3 months had TBARS values comparable to
the samples fortified with KIO3 alone or with
KIO3 + ZnO, but significantly lower than the samples
with Fe. This suggests that Fe promoted lipid oxidation
but Zn did not. This is corroborated by prior results on
iodine and omega-3-fortified freshwater fish emulsion
sausage, where KI used at 150 lg per 100 g sample had
no effect (P > 0.05) on TBARS at any level of omega-3
addition (Panpipat & Yongsawatdigul, 2008). Iron is a
pro-oxidant, so that fish cracker fortified with Fe (with
or without Zn) tends to have higher TBARS values than
the control or the fortified samples without Fe. Although
high TBARS values were found in our fish cracker forti-
fied with Fe, differences could not be detected by human
testing and frying decreased the values as shown by the
results for FP. In a study of fish cracker made from
minced fish and kept in vacuum packaging for 90 days,
the TBARS value found was 1.38 � 0.31 mg kg�1 (Nei-
va et al., 2011) for the FP, which is similar to our control
FP at 3 months of storage.

Linear expansion

An important quality characteristic of cracker is crisp-
ness that tends to correlate with the LE, so that LE
provides a quantitative laboratory measure closely
related to human perception of quality (Yu, 1991; Nu-
rul et al., 2009; Neiva et al., 2011). Consumers tend to
prefer fish cracker with a high LE (Nurul et al., 2009).
The LEs of our samples are shown, for various storage
times of the IP, in Fig. 3. There were no statistically
significant differences in the LE between treatments or
within a treatment due to storage time. However, it is
noticeable that with KIO3 + ZnO, KIO3 + FPP and

KIO3 + ZnO + FPP, the fish cracker tended to have
low LE in the range 50–59%, while the control had
LE 59–62%. Interestingly, fish cracker fortified with
KIO3 alone and dual fortified with KIO3 + FF may
have improved expansion relative to control as they
consistently provide the highest LE averages. There-
fore, KIO3 and FF may promote LE, while ZnO and
FPP may decrease it. It is possible that KIO3 and FF
are more active compounds than ZnO and FPP, nei-
ther of which is water soluble, in terms of interacting
with the starch gel and preventing its full gelatinisa-
tion. This matches prior results on fish cracker
enriched with natural calcium sources, namely fish
bone powder, small freshwater shrimp and anchovy
powder. In that case, adding more calcium lowers LE
(Chaimongkol, 2012). Salt (NaCl), on the other hand,
improves LE. Adding ~ 2% salt facilitates the mixing
of fish and starch and helps achieve full gelatinisation
(Cheow et al., 1999), which improves the LE of
cracker. This could explain the positive effects of KIO3

and FF on LE of fish cracker. However, these findings
need to be confirmed in the future.

Colour

Colour differences (ΔE) and lightness (L*) of fortified
fish cracker (both IP and FP forms) are presented in
Table 3. Fish cracker can be sold in either FP or IP,
but IP is the most popular form as it has a long shelf
life and is easier to transport. The ΔE values of IP
increased slightly over 3 months of storage as a gen-
eral rule, with the exception of KIO3 + ZnO. With six
treatments and two time points, comparing within IP
or within FP, the only statistically significant colour
differences were at time 0 in IP. The values of ΔE in
IP fortified with KIO3 + FPP (0.8 � 0.03) and with
KIO3 + ZnO + FF (0.8 � 0.1) were significantly lower
than when fortified with KIO3 alone (3.7 � 1.5). In
other words, KIO3 alone affected the colour of IP
more than KIO3 + FPP or KIO3 + ZnO + FF fortifi-
cations. Wegm€uller et al. (2003) demonstrated a good
correlation between the mean acceptability score for
salt and its ΔE value, and the human panellists consid-
ered products with ΔE < 10 acceptable in this case.
Considering in our data a fixed treatment and time
point, ΔE was increased by frying/puffing to FP in
general, with the exception of KIO3 fortification at
3 months of storage. The fortificants used in this study
only had an effect on ΔE in the IP but not in the FP.
The L* of FP products decreased due to the fortifi-

cants and this significantly in FP fortified with
KIO3 + FPP at both time points. However, this trend
was not detected in IP. Millard browning reaction and
caramelisation at high frying temperature may be
the main contributors to darkening of the final prod-
ucts. Millard reaction depends on several factors, for

Table 2 TBARS of the IP and the FP at 0 and 3 months of

storage, for various fortifications in fish cracker

Premix

TBARS (mg kg�1)

IP FP

0 month 3 month 0 month 3 month

KIO3 2.3 � 0.2a 3.1 � 0.8a 1.2 � 0.4a 2.1 � 0.4ab

KIO3 + ZnO 3.1 � 0.4a 4.7 � 0.6a 1.6 � 0.5ab 2.6 � 0.8ab

KIO3 + FF 8.7 � 0.4c 9.0 � 1.3b 3.8 � 0.5c 4.8 � 0.6bc

KIO3 + FPP 6.8 � 0.6b 9.5 � 1.1b 3.0 � 0.6bc 5.7 � 0.7c

KIO3 + ZnO + FF 7.2 � 0.9bc 8.6 � 0.8b 2.3 � 0.4ab 5.5 � 1.1c

KIO3 + ZnO + FPP 8.3 � 0.2bc 9.4 � 0.2b 1.6 � 0.4ab 4.7 � 1.3bc

Control 1.9 � 0.2a 3.5 � 0.3a 1.0 � 0.3a 1.6 � 0.5a

IP, intermediate product; FP, finished product; TBARS, thiobarbituric

reactive substances.

In a single column, different superscripts indicate significant differ-

ences (P < 0.05).
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example chemical composition of food, Aw, pH and
reaction temperature (Nurul et al., 2009).

Preliminary consumer study

The sensory scores of FPs are listed in Table 4. The
mean scores ranged from 5 (neither like nor dislike) to

7 (like moderately) in all six evaluated attributes, and
the control samples scored in the range 6.2–6.7 for any
of these attributes. The samples triple fortified with
KIO3 + ZnO + FPP received significantly higher
scores in all characteristics than samples with
KIO3 + ZnO + FF, especially in overall liking. This
may have been an effect of the FPP on colour, as the

Figure 3 The linear expansion on frying of

intermediate product to puffed final product.

The fortifications are shown in the legend,

while the timescale indicates storage time of

the intermediate product before frying.

Table 3 The DE and L* values of IP and FP fish cracker with various fortifications, at 0 and 3 months of storage

Premix

DE L*

IP FP IP FP

0 month 3 monthns 0 monthns 3 monthns 0 month 3 monthns 0 month 3 month

KIO3 3.7 � 1.5b 4.0 � 1.7 4.2 � 0.8 3.3 � 1.4 37.4 � 1.1b 37.9 � 1.5 60.4 � 0.8ab 61.2 � 1.4ab

KIO3 + ZnO 2.9 � 0.4ab 2.3 � 1.1 4.5 � 0.1 4.3 � 0.8 36.8 � 0.3b 36.3 � 1.0 60.5 � 0.3ab 61.6 � 0.3ab

KIO3 + FF 1.7 � 0.5ab 2.3 � 0.6 4.8 � 1.9 4.5 � 0.4 35.7 � 0.5ab 35.3 � 1.7 60.2 � 2.2ab 60.2 � 0.4a

KIO3 + FPP 0.8 � 0.03a 1.7 � 0.1 5.0 � 0.7 5.5 � 0.7 34.1 � 0.2a 35.0 � 0.8 58.4 � 2.0a 59.8 � 0.3a

KIO3 + ZnO + FF 0.8 � 0.1a 3.5 � 0.3 4.3 � 1.1 4.6 � 1.9 34.4 � 0.4a 37.6 � 0.3 60.6 � 1.4ab 60.0 � 2.0a

KIO3 + ZnO + FPP 1.7 � 0.9ab 3.2 � 1.3 4.4 � 1.7 5.4 � 0.9 35.7 � 0.9ab 37.3 � 1.3 62.1 � 2.4ab 61.0 � 1.3ab

Control 0 � 0 0 � 0 0 � 0 0 � 0 34.2 � 1.3a 35.1 � 1.5 64.5 � 1.8b 64.9 � 1.6b

IP, intermediate product; FP, finished product; ns, not significantly difference.

In a single column, different superscripts indicate significant differences (P < 0.05).

Table 4 Sensory evaluation scores of differently fortified fish cracker. The cracker was stored for 3 months in the form of an intermediate

product, under ambient tropical conditions

Premix Colour Porosity Fishy smell Crispiness Taste Overall liking

Control 6.3 � 2.0bc 6.4 � 1.6bc 6.3 � 1.9ab 6.2 � 2.2a 6.6 � 1.9bc 6.7 � 1.8bc

KIO3 6.9 � 1.3c 6.4 � 1.4bc 7.0 � 1.3b 6.4 � 1.8ab 6.2 � 1.7abc 6.8 � 1.3bc

KIO3 + ZnO 5.4 � 1.7ab 5.1 � 1.6a 6.2 � 1.5ab 5.7 � 2.0a 5.9 � 1.5ab 5.9 � 1.5ab

KIO3 + FF 6.9 � 1.3c 6.8 � 1.3c 6.5 � 1.5b 6.8 � 1.7ab 6.4 � 1.7abc 6.8 � 1.4bc

KIO3 + FPP 6.8 � 1.3c 6.9 � 1.2c 6.8 � 1.5b 7.6 � 1.3b 7.2 � 1.3c 7.4 � 1.2c

KIO3 + ZnO + FF 5.0 � 1.8a 5.3 � 2.0ab 5.1 � 2.2a 6.6 � 1.5ab 5.3 � 2.0a 5.4 � 1.9a

KIO3 + ZnO + FPP 7.4 � 1.3c 7.1 � 1.3c 6.6 � 1.7b 7.5 � 1.3b 6.9 � 1.5bc 7.1 � 1.3c

In a single column, different superscripts indicate significant differences (P < 0.05).
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latter samples had a beige tint, while the former were
brownish. Consumers tend to prefer a brownish colour
that could come from high fish content. In general,
consumers also like fish smell in the cracker, perhaps
for the same reason. Although the percentage of fish
was fixed in our study, the triple-fortified cracker with
FPP scored higher in fish smell than the triple-fortified
case with FF. However, the crispiness scores were not
aligned with the measured LE, while such positive cor-
relation is commonly observed (Yu, 1991; Nurul et al.,
2009; Neiva et al., 2011). Human sensory testing thus
remains a necessity, and while a correlation may be
widely accepted within the scope of baseline products,
the effects of additives or fortificants may be unpre-
dictable. However, only preliminary consumer evalua-
tion could be conducted in the present study; a larger
consumer test will be done in the near future.

Conclusions

Fish cracker is a popular snack in SEA and was con-
sidered as a potential food vehicle to improve iodine,
Fe and Zn statuses especially for children. Triple-forti-
fied fish cracker with KIO3 + ZnO + FPP retained
iodine well during processing (92.7% of addition to
dough) and further over 4 months of storage (72.7%
remaining), and it received relatively high sensory
scores. The retention percentages are essential to esti-
mating appropriate fortification levels in the dough.
We found that during processing to an IP, the loss of
iodine was significantly accelerated by ZnO and
ZnO + FF. The iodine loss during storage was not sig-
nificantly affected by choice of fortification. Iron forti-
fication significantly increased the TBARS value of the
IP or the final product (FP), but effects on flavour
remained undetected by human tasters. The ΔE values
of FP did not depend on the type of fortification. The
LE on frying/puffing to FP was unaffected by treat-
ment. Sensory evaluation ranked triple fortification
with FPP (not FF) the highest across multiple attri-
butes.

Acknowledgments

The study was funded by Halal Food Science Center,
Faculty of Science and Technology, Prince of Songkla
University, Pattani Campus, Thailand.

References

Andersson, M., Thakachan, P., Muthayya, S. et al. (2008). Dual for-
tification of salt with iodine and iron: a randomized, double blind
controlled trial in southern India of micronized ferric pyrophos-
phate and encapsulated ferrous fumarate. American Journal of
Clinical Nutrition, 88, 1378–1387.

AOAC. (2000). Official Method of Analysis, 17th edn. Washington,
DC: Association of Official Analysis Chemist.

de Benoist, B., McLean, E., Andersson, M. & Rogers, L. (2008).
Iodine deficiency in 2007: global progress since 2003. Food and
Nutrition Bulletin, 29, 195–202.

Bureau of Nutrition. (2009). Nutritional Status of Thais During the
10th National Economic and Social Development Plan (2007–2011).
Nontaburi: Bureau of Nutrition, Department of Health.

Chaimongkol, L. (2012). Use of selected natural calcium sources for
calcium enrichment of crisp rice. KKU Science Journal, 40, 1–8.

Chanthilath, B., Chavasit, V., Chareonkiatkul, S. & Judprasong, K.
(2009). Iodine stability and sensory quality of fermented fish sauce
produced with the use of iodate salt. Food and Nutrition Bulletin,
30, 183–188.

Chavasit, V., Malaivongse, P. & Judprasong, K. (2002). Study on
stability of iodine in iodated salt by use of different cooking model
conditions. Journal of Food Composition and Analysis, 15, 265–276.

Chavasit, V., Nopburabutr, P. & Kongkachuichai, R. (2003). Com-
bating iodine and iron deficiencies through the double fortification
of fish sauce, mix fish sauce, and salt brine. Food and Nutrition
Bulletin, 24, 200–207.

Cheow, C.S., Yu, Y.S. & Howell, N.K. (1999). Effect of salt, sugar
and monosodium glutamate on the viscoelastic properties of fish
cracker (“Keropok”) gel. Journal of Food Processing and Preserva-
tion, 23, 21–37.

Diosady, L.L., Alberti, J.O., Venkatesh Mannar, M.G. & Fitz-Ger-
ald, S. (1998). Stability of iodine in iodized salt used for correction
of iodine-deficiency disorders II. Food and Nutrition Bulletin, 19,
240–250.

Diosady, L.L., Alberti, J.O., Ramcharan, K. & Venkatesh Mannar,
M.G. (2002a). Iodine in salt dual fortified with iron and iodine.
Food and Nutrition Bulletin, 23, 196–207.

Diosady, L.L., Alberti, J.O. & Venkatesh Mannar, M.G. (2002b).
Microencapsulation for iodine stability in salt fortified with ferrous
fumarate and potassium iodate. Food Research International, 35,
635–642.

Egan, H., Kirk, R.S. & Sawyer, R. (1981). Pearson’s Chemical
Analysis of Food. London: Churchill Living Stone.

Goindi, G., Karmarkar, M.G., Kapil, U. & Jagannathan, J. (1995).
Estimation of losses of iodine during different cooking procedures.
Asia Pacific Journal of Clinical Nutrition, 4, 225–227.

IZiNCG. (2004). Assessment of the risk of zinc deficiency in popula-
tions and options for its control. Food and Nutrition Bulletin, 25,
S91–S204.

Julshamn, K., Dahn, L. & Eckhoff, K. (2001). Determination of
iodine in seafood by inductively coupled plasma/mass spectrome-
try. Journal of AOAC International, 84, 1976–1983.

Karrila, T.T. (2011). Cracker “Keropok”: a review on factors influ-
encing expansion. International Food Research Journal, 18, 825–
836.

Li, Y.O., Diosady, L.L. & Wesley, A.S. (2010). Iodine stability in
iodized salt dual fortified with microencapsulated ferrous fumarate
made by an extrusion-based encapsulation process. Journal of Food
Engineering, 99, 232–238.

Longvah, T., Toteja., G.S., Bulliyya, G. et al. (2012). Stability of
added iodine in different Indian cooking processes. Food Chemis-
try, 130, 953–959.

Lotfi, M., Venkatesh Mannar, M.G., Merx, R.J.H.M. & vanNaber-
den Heuvel, P. (1996). Micronutrient Fortification of Foods: Current
Practice, Research and Opportunities. Ottawa: Micronutrient Initia-
tive/International Development Research Center/International
Agriculture Center.

Min, D.B. & Boff, J.M. (2002). Lipid oxidation of edible oil. In:
Food Lipid Chemistry, Nutrition, and Biotechnology (edited by C.C.
Akon & D.B. Min). Pp. 335–363. New York: Marcel Dekker Inc.

Ministry of Public Health. (2006). The 5th National Nutrition Sur-
very: The Operation of Thai Nutritional’s Program 2005. Nontha-
buri, Thailand: Ministry of Public Health.

Neiva, C.R.P., Machado, T.M., Tomita, R.Y., Furlan, Έ.F.,
Lemos Neto, M.J. & Bastos, D.H.M. (2011). Fish cracker

© 2015 Institute of Food Science and TechnologyInternational Journal of Food Science and Technology 2015

I2 stability and quality of fortified cracker S. Pinkaew and T. T. Karrila1986



development from minced fish and starch: an innovative
approach to a traditional product. Ciência e Technologia de Ali-
mentos, 31, 973–979.

Nurul, H., Boni, I. & Noryati, I. (2009). The effect of different ratios
of dory fish to tapioca flour on the linear expansion, oil absorp-
tion, colour and hardness of fish crackers. International Food
Research Journal, 16, 159–165.

Panpipat, W. & Yongsawatdigul, J. (2008). Stability of potassium
iodide and omega-3 fatty acids in fortified freshwater fish emulsion
sausage. LWT-Food Science and Technology, 41, 483–492.

Pinkaew, S., Wegmuller, R. & Hurrell, R. (2012). Vitamin A stability
in triple fortified extruded, artificial rice grains containing iron,
zinc and vitamin A. International Journal of Food Science & Tech-
nology, 47, 2212–2220.

Pinkaew, S., Winichagoon, P., Hurrell, R. & Wegmuller, R. (2013).
Extruded rice fortified with zinc, iron and vitamin A increase zinc
status of Thai school children when incorporated into a school
lunch program. Journal of Nutrition, 143, 362–368.

Thomson, B.M. (2009). Stability of iodine in processed cereal foods.
Food Additives and Contaminants., 26, 25–31.

Thurlow, R.A., Winichagoon, P., Pongcharoen, T. et al. (2006). Risk
of zinc, iodine and other micronutrient deficiencies among school
children in North East Thailand. European Journal of Clinical
Nutrition, 60, 623–632.

Wegm€uller, R., Zimmermann, M.B. & Hurrell, R.F. (2003). Dual
fortification of salt with iodine and encapsulated iron compounds:
stability and acceptability testing in Morocco and Cote d’Ivoire.
Journal of Food Science, 68, 2129–2135.

WHO. (2008). Worldwide Prevalence of Anemia 1993–2005: WHO
Global Database on Anemia. Geneva: WHO.

WHO/FAO. (2006). Guidelines on Food Fortification with Micronutri-
ents. Geneva: WHO.

Winger, R.J., K€onig, J. & House, D. (2008). Technical issues associ-
ated with iodine fortificaiton of foods. Trends in Food Science &
Technology, 19, 97–101.

Winichagoon, P. (2008). Coexistence of micronutrient malnutrition:
implication for nutrition policy and programs in Asia. Asia Pacific
Journal of Clinical Nutrition, 17, 346–348.

Yu, S.Y. (1991). Acceptability of fish cracker (keropok) made from
different types of flour. ASEAN Food Journal, 6, 114–116.

© 2015 Institute of Food Science and Technology International Journal of Food Science and Technology 2015

I2 stability and quality of fortified cracker S. Pinkaew and T. T. Karrila 1987


