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The raditional drying process of minced fish sheet uses <ither selar drying or hot-r ovens that require a lonz penod of ume. The products also have a short shelf-life due to poor

packaging. This res
aven beatingz. and s of both. Physical properties of samples were
samples were fried and packed i various packages including polypropylen bag (PP) s cout
were determined and compared during storage at 30°C For hot-air oven,

content and water activty that were closer to control (p+0.05). However, samples teated
combination of niicrowave heating and hot-air oven sigaificantly reduced drving time (p<0.0:

arch explored improving process efficiency by drying time optinuzation and extending shelt-]

fe by active packaging technology. Drving processes were hot-air
compared with a control which was processed by hot-air oven at 43°C for 4 hr. Then. all
rol. PP with oxygen-absorber sachet and PP with moisture-absorber sachet. Sample qualities

easing temperature and time ratsed the drving rate of treatments. resulting in samples with lower morsture
content, water activity and slightly darker color than control - p=0.03. For mucrowave heating. treatment at power of

30 Watts for 6 miun and 30 Watt for 6-8 mins aclieved moisture

with lower power resulted m 3 yellowish-brownish color which was more desirable The
5. and the optimum condiuon was using mucrowave at 30 Watts for $ nun followed by hot-

air oven of 43°C for 1 hr. During storage, moisture content, water activity and TBA increased whereas crispness decreased with mcreasing storage tume. Using oxygen absorber resulted

in samples with.the least oxidation judging by TBA changes. Using moisturs absorber achiev
for tatal plate count and yeast & mold count. samples could be stored up to 60 davs. Thus. act

Introduction

The minved fish snack are developed as an @ dded products from
Catfish. The traditonal drving process of nunced fish sheet uses either solar drying or hot-
air ovens thal require a long period of time. The products also have a short shelf-life due

(PP) as control. PP with oxy:

ed samples with the least moisture content. resulung in better texiure. According 1o standard
ve packaging could be an altemative way to extend shelf-hite of cnispy nunced-fish snacks.

2. Study the extending shelf-life crisp mined-fish snacks by active packaging technology.

The sample were fried and packed in various packages including polvpropylene bag
ther sachet. PP with ber sachet. PP with

ber and b

1o poor packaging. This research 2xplored umproving process efficiency by dryving time
opunuzation and extending shelf-lite by active packaging technology

Preparation of crisp mined-fish snack

Fillets and'flayed Grnded Catfish Ingredient and seasoning

Cattish

Dried aud cut samples size Sheeted thickness ~2 mm. Afixaue sunmi, ingredientand seasoniig

=

.5 lne. bleaded for S min.

Crisp muned-fish snack

sands hre.
¢z sandshr

0wates 6.5, 19and 12nun.
sowatts 4 6.3 and 1o min.

Jowatts smin. + hot-air oven 4s>c1 and :hir.

sowatls « nun. = hot-air oven 45 %¢ 1 and > hr.

Physical and chemical properties of sample wncluding moisiure content :Sartourius,
MAJ0. Germany: r acuvites (a,) Novasina-RS 200, Swatzerland,, hardness Instron
Texture Analyzer) and u»lor value (L*.a%, b*: -CR10. Konica Minolta ~sensing Inc.. Osaka.
Japan). Data was statisticaliy analyzed using the analysis of variance (ANOVA). Samples were
compared with a control which was processed by hot-air oven at 43C tor 4 hr. The suitable
drying condition was selected 10 be used in the next experuments.

ber sachet. Physical and chemical qualities of sample

were deternuned and compared as desenbed 10 (1.). the 2-thiobarbuiunce acid value (TBA).
total plate count and v

st & mold. during time storage for 90 davs at 30°C

Results and Discussion

For hot-air oven. wcreasing emperatwre and ume raised the drving rate of
treatments. resuling 10 samples with fower motsture content water actvuy and
slightly dacker color than control :p=0.05.

sreeee

£

[
i o

For microwave heaung . treatment at power of 30 Wiatts for 6 mm and 30 Watr
for 6-8 nuns aclueved mossture content and water activity that were closer o control
(b0 05). However. samples ireated with lower power resulted in a vellowish-
browmish calor which was more desirable

The combmauon of microwave heating and hot-awr oven sigmificantly reduced
g ume p<0.05 and the opumum condition was using microwave at 30 Wais

for 8 nun followed by hot-mr oven of 43°C tor 1 he

Durng stor: moisture content. water acvity and TBA 1acreased sheieas
cRspuess decreased with increasmg storage tme. Using oxvgen absorber resulted in
samples with the least oxidauon judging by TBA changes. Using morsture absorher
achieved T mosture content. resulting i better texmure
According to standard for total plate count and yeast & mold count. saimples could be
stored up to 60 days.

fe

Conclusion
The opunuze of drving conditions were 30 watts of microwave powel tor 8
mmutes followed ihe hot-air oven of 45 °C for | hr. During storage usi
absorber resulted n sample with the least oxadation ju 3
moisture —absorber achieved sample with the least moisture content. resulting in
better texwre According to standard for total plate count and yeast & mold count
samples could be an alternative way to extend shelf-life of crispy nuned-fish snacks
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Abstract

The traditicnal drying process of nunced fish sheet uses either solar drymg or hot-air ovens that require a long period of tune. The products also have a short shelf-life due to poor
packaging. This research exploted improving process eHficiency by drving me oprnuzaton and extending shelt-life by acuve packagmg technology. Drying processes were hot-sir oven,
heating. and a bt ot both. Physical properties of samples were compared with a control which was processed by hot-mr oven at 43°C for 4 hr. Then. all sammples were

fried snd packed in various packages including polypropylene bag (PP) as control. PP with oxygen-absorber sachet and PP with moisture-ubsorber sachet. Sample qualities were determined
and compared during storage at 30°C. For hot-air oven. increasing temperature and time raised the drymg rate of weatments. resulting in samples wth lower mozsture cantent. water activiiy
and slighily darker color thaa control <0.05. For microwave heating. treatment at poser of 3) Watts for 6 mun and 30 Wart for 6-8 min achieved moisture content and water activity shat
were closer to control (p=0.03). However. samples treated with fower power resulted in a vellowish-brownish calor which was more desirable The combination of mucrawave heatmg and
hot-air oven sigmficantly reduced drying tine (p£0.05). and the optimum condition was usmg microwave at 31 Watts for 8 min tollowed by bot-air oven of 43°C for | hr. Duning storage.

meisture content, water activiry and TBA increased whereas crispness decrensed with :ncreasing storage time Using oxveen absorber resulted m s:
TBA changes. Using moisture absorber achieved samples with the least moisture content, resuiting in
sampln cauld be stored up to 60 days. Thus, active packaging could be an alternative way to extend shelf-]

Mixnure mgredient 2
blended for 5 mun ¥/

Eillets and flayed Catfish Grinded Catfish

Hot-air oven
45°C 2.3 and 4 e,
55°C 2,3and 4 h.

Microwave
30 watts 6, 8,10 and 12 min.
50 watts 4. 6. 8 and { min.

Combination Microwave + Hot-air oven
30 watts 8 min. hot-air oven 457°C 1 and 2 hr.
50:watts 4 min. hot-air ‘aven 45°C Tand 2 hr.

Physical and chemical propetties of samnple inclwding moisture content. water acuvities
{a,), hardness <Instron Texture Analvzer) and color value :L*.a". b*. Dau was satisically
analvzed using the analysis of variance (ANOVA). Samples were compared with a control
which was pmcss&i by hot-air oven at 45° (' for 4 hr. The swible drving condition was
selected 10 be used in the next experiments.

2. Study tlte extending shelf-life crisp minced-fish snacks by active
packaging technolagy.

Polypropylene bag (PP) PP + oxygen-absorber sachet

| PP +uxygen-absorber sachet

The sample were fried ;nd packed in various packages including polypropylene bag (PPY
as control. PP with oxygen-absorber sachet, PP with moisture-absorber sachet. PP with
» sachet. Physical and chemical qualities of sample
were ds d a3 descabed: in (1.). the 2-thiohathituric acid value (TBA).
total plate count and venst & mold. during tinwe storage for 90 doys at 30°C.

Results and Discussion

amples with the least oxidation judging by

berter texture According to staadard tor total plate coust and veast & mold count.
(e of crispy munced-fish snacks.

e

The combination of microwave heating and hot-air oven sigruficantly reduced
dnvang time p<0.05). and the cpimum condition was using microwave at 30 Watts
tor 8 mun followed by hot-air oven of 45°C for | br.

Dunng storage. mwoisture CORICNL. WaTer ACHVILY and TBA :ncreased whereas
crispress decreased with incrzasing storage tine. | 'sing vxygen absorber resulted in
samples with the lzast oxidation ;udginz by TBA changes. Using moisture abserber
achieved senipies with the least moisture content, resulting in beter texture

Based on the Thai Community Product Swundard of cnsp fish sheet (TCPS
1040:2348 ). the total plate count ef sample is 0ot 1o exczed 1.9 x10* colonies per
uram {TCPS 2005). Therefore, mples stored in the PP bag with axyzen
absorber could be kept for 96 days. The other samples stored m diftsrent packazing
condinens could be kept for a shorter fime of 45 1ys betore their wtaf phate count
values exceaded the product’s standard hot. As for the veast and mold count, the
values increased during storage time however they did not exceed the standard for
wveast and motd (100 colontes per gram) in samples.

Conclusion

The oprimize of drving conditions were 30 watts of microwave
power for 8 minutes followed the hot-air oven of 45%C for 1 hr. During
storage using oxygen-absorber resulted 1n sample with the least oxidation
Judging by TBA changes. Using moisture absorber achieved sample with
the least moisture content. resulting 1w betrer texture. The shell-life of
sample was 15 day before being considered rancid whereas it was
considered spoiled at 90-day storage based on the micrebiological
standard.
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kaging matenial oxygen ission rate and sturage candition ou quality

For hot-air oven, increasing temperature and ume raised the drying rate of’ 3
than

cention of raw whols unpeeled almond kernels (Prums dulcss). LIFT.43. B1-LE

resulting in smples with lower moisture content. water activity and stightly:
control (p<h .05,

For microwave heating. treatnent at power-of 30 Watts for 6 min and 30 Watt for 6-§ min
achieved moisture content and water aciivity that were closer to control {p>0.03
samples treated with lower power resulted in“a yellowish-brownish calor which was more
desirable.
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Abstract

This research explored the optimum processing condition for drying the minced-fish sheet. Drying
processes were hot-air oven, microwave heating, and combination of these two methods. Samples were
compared to control, which was dried by hot-air oven at 45 °C for 4 hr. For hot-air oven, increasing temperature
and time raised the drying rate of treatments, resulting in samples with higher moisture content, water activity
and slightly darker color than contro! (p<0.05). For microwave drying, treatment at power of 50 Watts for 6 min
and 30 Watt for 6-8 mins achieved samples with moisture content and water activity closer to control (p>0.05).
However, samples treated with lower power had a yellowish-brownish color that was closer to control. The
combination of microwave heating and hot-air oven significantly reduced drying time (p<0.05). The optimum
condition was using microwave at 30 Watts for 8 min with hot-air oven of 45 °C for | hr. Fried samples were
stored in polypropylene plastic bag with O, absorber and/or moisture absorber as active packaging at 30 °C and
compared with control. Moisture content, water activity and TBA increased with increasing storage time
whereas crispness increased. Sample in pp and O, absorber bag indicated the least oxidation. Samples in pp and
moisture absorber had the least moisture content and hardness. Thus, active packaging could be alternative way

for storage. According to standard indicating total plate count and yeast & mold count samples could be

Keyword: crisp-minced fish sheet, hot-air oven, microwave drying, active packaging, oxygen absorber,

moisture absorber
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PD-172

Optimization of Drying-Process Efficiency and Shelf-Life Extension by
Active Packaging in Crispy Minced-Fish Snacks.

Ratanatriwong, P.A.! 7 WongSa-Ngasri, W.2, Suwansri, S., Thanasukarn, P.!

" Department of Agro-Industry, Faculty of Agriculture Natural Resources and Environment,
Naresuan University, Pitsanulok, 65000. Thailand.
*Fishery Technological Development Division, Department of Fisheries, Ministry of Agriculture and
Cooperatives, Kasetklang, Jatuchak, Bangkok, 10900, Thailand.
" Corresponding author: rikaja@yahoo.com, 66-55-962743 (Tel), 66-55-962703(Fax).

Abstract

Traditional drying process of minced fish-sheet snack uses either solar drying or hot-air
drying that requires long drying time. Products also have a short shelf-life due to poor
packaging. This research explored improving process efficiency by optimizing drying time
and extending product’s shelf-life using active packaging technology. Drying conditions
were hot-air drying, microwave heating, and a combination of both. Physical properties of
samples were compared with control from hot-air drying at 45°C for 4 hr. Then, samples
were fried and packed in various packages including polypropylene bag (PP) as control, PP
with oxygen-absorber sachet and PP with moisture-absorber sachet then being kept at 30°C
during storage. For hot-air oven, increasing temperature and time raised the drying rate of
treatments, resulting in samples with lower moisture content, water activity and slightly
darker color than control (p<0.05). For microwave heating, treatment at power of 50 Watts
for 6 min and 30 Watt for 6-8 min achieved moisture content and water activity that were
closer to control (p>0.05). However, samples treated with lower power resulted in a more
desirable color (yellowish-brown). The combination of microwave heating and hot-air
oven significantly reduced drying time (p<0.05), and the optimum condition was using
microwave at 30 Watts for 8 min followed by hot-air oven of 45°C for 1 hr. During
storage, moisture content, water activity and TBA increased whereas crispness decreased
with increasing storage time. Using oxygen absorber resulted in samples with the least
oxidation judging by TBA changes whereas moisture absorber help prevented moisture-
content increasing, consequently resulting in better texture. According to standard for total
plate count and yeast & mold count, samples could be stored up to 60 days. Thus, active
packaging could be an alternative way to extend shelf-life of crispy minced-fish snacks.

Keywords : Fish snack, hot-air oven, microwave, active packaging, oxygen absorber,
moisture absorber

Introduction

The crispy minced fish snack is selected among the other fishery products as the model for
improving process efficiency to increase the product value. The main problem for minced
fish sheet production is involved with the long drying process, before further processing.
Traditional method for drying uses a hot-air oven at 40-45°C for 4 hr, which is both time-
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and energy consuming. Thus, in this study, the alternative drying processes such as
microwave heating and a combination of microwave heating with hot-air oven were
conducted to optimize the drying time. Physical properties have been considered during the
drying process, included drying rate, moisture content and maintenance of the product
quality after packaging. Besides the processing issue, packaging also affects consumer
requirement and product commercial plan. However, normally small fishery manufacturers
in Thailand uses poor package such as polyethylene bag which shortens the shelf-life of
products as it cannot protect product deterioration from oxygen or moisture. Active
packaging has then been considered as an alternatively affordable way to extend shelf-life
of products. The active packaging such as using the oxygen-absorber or moisture-absorber
sachets may be a key to solve this issue. Therefore, the objectives of this study were to
improve process efficiency by optimizing drying time, and to extend shelf-life of crispy
minced-fish snacks by active packaging.

Materials and Methods

Drying process improvement of crispy minced fish snacks

Two drying processes including hot-air oven and microwave heating were studied, and the
drying rates of conditions were determined. Factors in all treatments were as following;
1.1) hot-air oven heating: temperature (45 and 55 °C) and time (2, 3 and 4 hr), and 1.2)
microwave heating: microwave power (50 and 100 Watts) and time (2, 4, 6 and 8 min). A
traditional drying (hot-air oven at 45°C for 4 hr for minced fish snacks was control. The
chemical and physical properties of samples including moisture content (Sartorius, MA40,
Germany), water activity (ay) (Novasina-RS 200, Switzerland), crispy solidity (Instron
Texture Analyzer) and color value (L*, a*, b*) (CR10, Konica Minolta sensing Inc.,
Osaka, Japan) were determined. Statistical analysis of data was compared with the
combination of hot-air oven, and the microwave heating for minced fish snacks was
proposed for processing step reduction and process efficiency improvement. The optimal
microwave conditions were selected to use with a hot-air oven at 45 °C.,

Storage conditions of samples with applications of active packaging technology
Various packaging conditions including polypropylene (PP) bag, PP with oxygen-absorber
sachet, PP with moisture-absorber sachet and PP with both oxygen-absorber and moisture-
absorber sachet were investigated. A traditional PP bag was used as a negative control. All
samples were stored at 30°C, and the chemical and physical qualities of samples were
determined periodically. The 2-Thiobarbituric acid (TBA) (AOCS, 1989), total plate count
and total yeast and mold were also determined periodically (AOAC, 1990). Data was
statistically analyzed at a equal to 0.05.

Results and Discussions

The water activity and moisture content of samples with various drying conditions were
illustrated (Fig. 1a-1b). The drying rate at 55°C was significantly higher than that of 45°C
especially at 0-2 hr of the experiment. Experiment in time comparison revealed that the
water activity of the 55°C treatment was lower than the 45°C experiment. This result was
in agreement with principle of drying that increases in both temperature and time period
would reduce water content in food product (Bolin and Salunkhe 1982). Higher
temperature in the hot-air oven could directly stimulate rate of water evaporation in
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product. As a result, water activity and moisture content in product was constantly reduced
faster, ultimately resulting in samples with better qualities (Saravacoz and Raouzeos 1986).

Figure 2 (a-b) showed water activity and moisture content versus time (2, 4, 6 and 8 min.)
using microwave at 30 and 50 watts, respectively. Microwave heating (Fig. 2a-b)
obviously reduced both moisture content and water activity of samples faster than oven
drying (Fig.la-b). This is because microwave heating is a very efficient drying technology
that can lower moisture content of samples in a shorter time (Alibas 2007; Fishman and
others 2006). The microwave is a magnetic wave that induces molecular movement of each
molecule. When molecules move, heat is generated and released, resulted in a rapid
reclining of water from sample (Rattanapanont 2003). Also, better nutritional qualities of
products were retained as compared to the hot air-dried ones (Wu and Mao 2008).

In this research, the combination between higher power and longer time gave the fastest
drying rate and lowest moisture content in samples. This agreed with other report that the
efficiency of microwave drying increases with increasing microwave power and drying
time (Fishman and others 2006). As dipole rotation and ion conduction are directly
proportional to microwave power, and they are main factors for dielectric loss which is the
ability to change microwave electromagnetic energy to heat. Thus, the higher the
microwave power, the higher the dipole rotation and the ion conduction, and consequently
the higher the dielectric loss, resulting in higher heating rate.
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Figure 1 (a) Water activity (a,,) and (b) moisture content (%) versus time (2, 3 and 4 hr) of the
experiments at 45°C and 55°C in the hot-air oven.
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Figure 2 (a) Water activity (a,) and (b) moisture content (%) versus time of the experiments at
30 watts and 50 watts in the microwave drying.
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Figure 3 (a) Water activity (a,) and (b) moisture content (%) versus time of the experiments from a
combination of microwave heating at 30 and 50 watts with hot-air oven at 45 °C for 1-hr.

For a combination process, microwave was used as a pre-treatment before by hot-air
drying in the oven. The pre-treatment microwave heating conditions of 30 Watt for 8 and
10 min and 50 Watt for 4 min were selected and combined with the hot-air drying at 45°C
for 1 and 2 hr conditions. Significant differences of moisture content and water activities
among treatments were observed (p<0.05) (Fig. 3a-b). The total process time of the
combination between microwave- and hot-air drying was only half of the traditional hot-air
drying time because pre-treatment by microwave drying could rapidly reduce moisture
content. Bolin and Salunkhe (1982) suggested increasing drying rate by using higher
temperature however it was less efficiency than using microwave heating as pretreatment
in terms of product qualities (Alibas 2007; Wu and Mao 2008). Therefore, in this research,
a combination of microwave heating and hot-air oven was suggested as it significantly
reduced both process time and energy during drying. The optimum condition was
microwave pretreatment at 30 Watts for 8 min followed by hot-air drying at 45°C for 1 hr.
For combination drying processes, the sample color from a 50-Watt-microwave treatment
with hot-air oven showed significant differences in both brightness and hue angle values to
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samples from a 30-Watt microwave with hot-air oven (p<0.05) however samples would be
fried in further processes so the color difference in this step did not matter.

During storage, chemical and physical qualities, including TBA values, moisture content,
water activity, hardness and color, of samples stored in various packages were determined.
TBA is used as a product-deterioration indicator for oxidation reaction of lipid in food
product as TBA can interact with malonaldehyde (the 2" product of polyunsaturated fatty
acid oxidation), resulting in red color. The intensity of color is directly implied to oxidative
rancidity reaction (Frutos and Hernandez-Herraro 2005). Samples in all treatments
similarly showed increasing trends of TBA values during the storage time, indicating the
lipid oxidations in samples (Table 1). The rapid increases of TBA were observed in crispy
minced-fish samples after being kept for 30 days or longer. At 90-day storage, samples
stored in the PP bag with oxygen-absorber sachet showed the lowest TBA value. This
confirmed the efficacy of the oxygen absorber, as an active packaging (Brody and others
2001), that helped retard oxygen in the package, consequently reducing the oxidation
reaction (Mexis and Kontominas 2010). According to sensory panelists, a faint rancid odor
was detected from samples in package with oxygen absorber at 45-day storage when others
were already rancid (data not shown).

Table 1 Trends of the 2-Thiobarbituric acid (TBA.) values of crispy minced-fish snacks during storage.

TBA no. (mg. MDA./kg.)

g?)cnliﬁ%::f Storage (days)
15 30 45 60 75 90

PP 0.63:0.01°°  0.8040.01%° 73+0.02%"  7.5£0.02°% 83+0.01>"  8.7+0.04**
PP+oxygen 0.49+0.01%7  0.52£0.01°C  4.9£0.05%°  5.4+0.02°C  5.7x0.18*°  6.3+£0.01*°
absorber

PP+ moisture 0.58£0.01%C  0.63£0.01%® 534002  53+0.03%C  62+0.03°C  6.6+0.01>¢
absorber

PP-+oxygen-+ 0.7940.01% 0.78+0.01%%  6.9£0.11%®  7.5:0.02%F  7.4x0.01°®  8.2+0.02*"
moisture

absorber

Note: Different lowercase letters in the same row indicate statistical differences (p<0.05).
Different uppercase letters in the same column indicate statistical differences (p<0.05).

Table 2 Trends of the moisture content (%) of crispy minced-fish snacks during storage.

Moisture contents (%)

Packaging
Condition Storage (days)

15 30 45 60 75 90
PP 6.4120.13°%  5.0620.52°C  6.02£0.20°C  6.69+0.04°C  7.65+0.12%°  10.7+1.00*"

PP+oxygen 5.1040.29°C  5.68+0.68°8  6.1240.13%C  6.95+0.12°" §.84+0.06>®  11.6+0.58"
absorber ¢

PP+ moisture 4.63:033%C  6.46:0.16>*8  7.57£0.07°"  6.86+0.12°"C 8.36+0.06*  7.50+0.48""
absorber

PP+oxygent  5.80£0.37°%  7.11£0.13°%%  8.47:0.04%% 7.7240.08*  9.3420.09"* 11.6+0.08""
moisture

absorber

Note: Different lowercase letters in the same row indicate statistical differences (p<0.05).
Different uppercase letters in the same column indicate statistical differences (p<0.05).
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Changing trends of other sample qualities were also observed during storage. As shown in
table 2, the moisture content in all samples significantly increased during 90-day storage
(p<0.05). Samples in a package of PP and moisture-absorber sachet had the lowest
moisture content (p<0.05), indicating the efficacy of moisture absorber that reduce the
moisture in product (Brody and others 2001). Likewise, the water activity results of
samples in all treatments showed similar trend as moisture content (data not shown).

As for hardness (data not shown), slightly increasing trends in all samples with increasing
storage time were observed. This was partly due to the moisture content increasing,
causing samples to become less crispy and harder to chew. For color parameters (data not
shown), the changing trends of L* a*, b* hue angle and chroma values only slightly
increased in all samples during storage, however they were not statistically different
(p>0.05).

Table 3 The total plate count values of crispy minced-fish snacks during storage.
Total plate count (cfu./g.)

g o
g:;:‘(ﬁt”::ng Storage (days)
15 30 45 60 75 90

PP <10* 6.1x10° 7.6x10° 9.2x10° 1.0x10* 1.3x10*
PP+oxygen ND 7.8x10° 8.0x10° 9.4x10° 9.8x10° 1.0x10*
absorber

PP+ moisture <10% 8.9x10° 9.2x10° 1.1x10* 2.0x10% 2.7x10*
absorber

PP-+oxygen+ <10? 9.1x10° 9.4x10° 1.3x10* 2.2x10* 2.5x10"

moisture absorber

Note: Different lowercase letters in the same row indicate statistical differences (p<0.05); Different
uppercase letters in the same column indicate statistical differences (p=<0.05); ND was not detected.

Table 4 The total yeast and mold counts of crispy minced-fish snacks during storage.

Total yeast & mold (cfu./g.)

E?)Cnl;al%::ng Storage (days) 1

15 30 45 60 75 90
PP 1.0 4.0 18.0 31.0 39.0 46.0
PP+oxygen absorber  ND 18.0 29.0 37.0 45.0 68.0
PP+ moisture  ND 3.0 12.0 27.0 35.0 41.0
absorber
PP+oxygen+ 2.0 17.0 32.0 49.0 64.0 92.0

moisture absorber

Note: Different lowercase letters in the same row indicate statistical differences (p<0.05); Different
uppercase letters in the same column indicate statistical differences (p<0.05); ND was not detected.

For the microbial property changes of crispy minced-fish snacks in various packaging
conditions, the total plate count (Table 3) and total yeast and mold count (Table 4) values
were determined during storage of 90 days. Based on the Thai Community Product
Standard of crisp fish sheet (TCPS 1040/2548 ), the total plate count of sample is not to
exceed 1.0 x10* colonies per gram (TCPS 2005). Therefore, only samples stored in the PP
bag with oxygen absorber could be kept for 90 days. This was because it helped limiting
oxygen which consequently inhibited microorganism growths. On the other hand, the other
samples stored in different packaging conditions could be kept for a shorter time of 45-60
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days before their total plate count values exceeded the product’s standard limit. As for the
yeast and mold count, the values increased during storage time however they did not
exceed the standard for yeast and mold (100 colonies per gram) in samples.

Conclusions

The process efficiency was improved by a combination of microwave heating as
pretreatment at 30-watt for 8 min followed by hot-air drying at 45°C for 1 hr. This was
applied in a small local manufacturer for a cost-reduction commercialization. In addition,
active packaging was used as an alternative way to extend shelf-life and maintain quality
of crispy minced-fish snacks. Oxygen absorber and moisture absorber helped prolong
shelf-life of samples by reducing oxygen and moisture content. The best result was
obtained from using PP with oxygen-absorber sachet. The shelf-life of sample was 45 day
before being considered rancid whereas it was considered spoiled at 90-day storage based
on the microbiological standard.
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