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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.

Keyword: fish snack, hot-air oven, microwave oven, active packaging, oxygen absorber,
moisture absorber
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bc
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1 1 a [ L -4 ala L
A9 2 mammﬂmummuwmummﬂé‘lu‘ﬁﬂswﬂ"luﬂmqwmqnu

AN L* a* b* Hue angle Chroma

ANRIRA (ARA)  LIAIAU

d

Control 4 17739 32.40+0.366° 1.47+0.177° 10.08+0.187°  81.65+1.129%  10.19+0.164

(fauan3ou)

30 6 U7 30.83+0.206° 1.57+0.542° 9.51+0.149° 80.60+3.32° 9.65+0.062°
8 1 31.07+0.470° 1.39+0.478° 9.38+0.261° 81.52+2.97° 9.50+0.232°
10 W 41.55+0.648° 5.16+0.429" 23.08+0.721° 77.38+1.07° 23.65+0.713°

12 19 41.31+0.972° 4.95+0.569" 23.27+0.111° 77.98+1.24° 23.80+0.324°

ab

50 6 U7 20.65+0.336"  6.79+0.734 11.1540.198°  58.71+#3.19°  13.08+0.226°

ab

8 U7 26.95+0.235° 7.57+0.278 9.76+0.068%  52.22+41.11°  12.35+0.158°

10 W 32.76+0.299°  7.90+0.464° 13.13#0.129°  60.55+1.69°  15.78+1.72°

o o

VLR SneEeRNANMNNED9ARRLA N LLIREUT LA AYANLANANa N9 NTE dATY (p<0.05)
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1.3 NINUINARIABLNANIBIAIBTIRE]

A58 3 AMANLENIGANNEMWasLaIuALEUTIHIUNsITuRslne g gay

NRINUUFIRIARS]
properties SLAZIIANDULIG (T2134)
1 2 3

Lﬁmmmmﬁyu (%) 15.46+0.005 8.50+£0.002 7.52+0.005
snasindass (a,) 0.67+0.014 0.51+0.006 0.45+0.021
AN

L* 30.99+0.138 32.53+0.950 34.78+0.73
a* 0.99+0.414 0.612+0.431 1.57+0.291
b* 9.24+0.326 10.06+0.443 11.53+£0.050
Hue angle 83.81+2.811 86.54+2.500 82.59+1.410
Chroma 9.29+0.274 10.08+0.440 8.72+5.81

AN319T 3 uanansasuulasnnndusedanuausuiivauadnanasny

a c

BA9aRAT 1Wuna1 1 2 war 3 dalud ANANFAU WUIATRALNNILIT AL NAIIL

ugda el Wunan 12 way 3 4l HANRABANNTY (%) WanFAeRY (p<0.05) E4anly
o & o o qw . g o o & a
NNTLLANTUH AN AT UFNIUANTU(%) a9 LadaNNEATINIITVL I A4TEeaN
AMNNARAFRNNINTUUNYNIZNEBBNNIBENNIIAETINN LHANNTW(%)anasdanAR il
a9y 81l 1Ana1adanisinudisaanisliingdanuunanis inliunlusmsiaauaniue
dulaudopdausinaaanannening aanasanulasanfniiunasaruaanusean nnliletin
[HAN9IAAaRNaanaINaImg wasenindaylinassuaanudaun ligannniin inliinasann
v v
Wit 19z nanin

= | = & a , o v v
nailasunlasAantraslInIuune4se (a,) PAIUATUALNUNN LA

WM LA TR Eunan 1 2uaz 3 Falie PuAIFLNLIARAEL RN NS ATy (a,) 7
A e unaenfing unan 1 2uaz 3 dalud SAadeBuinminaasy (a,)
WANEINNAY (p<0.05) EIAM TN TN A e A Ta BN B ase (a,) AAAY
Ny éqﬁmmﬂ’mzmmmﬁ”ﬁmzﬂ@ﬂmr]mamﬁmsﬁlﬁumn@”uﬁyﬂgmzmﬂﬂ@ﬂmmﬂ@yu

MR RNIULNEaTE (a,) AARY
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Tuan1zAneny

o
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30 §m8 1 TUaN 8 uaL 10 WILAE NNAd 50 TR 11N 4 WP ANNATAU A7NITULNHN
dl o
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$neluTnsianings 30 506 1fhunan 8 uay 10 w7t TulAneae e a, WANFANNANFAIDEINY
ftnun v udieBaeluTasn A 50 md e 4 wi (0<0.05) dan31% Tulasian
soufiu Nsaufaafeuanfauariluainli a, Tudonaniusianas uazdaslunislszudn
wasu(lnyas, 2536) daudeuaniauazinliiannibeuasluanyuinauagnieluginli
annuinaasylusananinsianandiennan usuin i lusudaiufanas

[ liiAn a, anasfaalasfauisnanseaziaan lunsauutising (3snsad, 2543)
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nARAUTanasLazTaelunssvndandasny esainnnsldlulasnifieantFunns
ANATL R NIt AN UL ARLAEN 1 T1 5 Tadnatildeuuidean
Fau  (Inyae,2536) daugeuaniauazsinliianniatauaslvanyuiauatnieluginli
Anavlusnansana et suiuinlfaduanaslnefignansoansaziog
Tunnseuuiiafag (3snsal, 2543) A lHE RN Tt TetiN B AT aaNANK AR TR
mﬁ”uﬁﬂgm:mmﬂﬂm'ﬂmmm‘%fsﬁﬂﬁmrm%yu@mmLL@:Lﬁﬂﬂ?mmﬁ”ﬁmﬂuﬁq
t@mﬁmeﬁgﬂixmm@mummﬁﬂﬁﬁmmmm%émmmaﬂ'wm‘ﬁ'

%

1Al a o " 1 dl 1 ! o Y 2 o
mmmmmnmmﬂmumLmemumiﬂumﬂu‘immﬂmmuﬁ_yaumm'ﬂuummm

v o
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= o a ' A A A A & ! P
Wluaan 2 m'ﬂll\‘l Nﬂ’]ﬂ’)’]ﬂ@qqﬂﬁﬁwz‘iﬂ LAZHANAADIANIFNANINNNIILUA LA LKL DL

ANNAIIMA 30 nAuarausfefauansauilungn 1 uay 2 Fl39 eIt A ATIN9a AR

o

v
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1 a ) ¥ v ' o v 1% aa o
M54 4 ﬂ']ﬂ‘llﬂ\‘]ﬂﬂ']llﬂLLN‘H‘VIVI']LLﬂ\?ﬂ’Jﬁlﬁluiﬂ?L’Jﬂ‘i’JNﬂU@@Uﬂui'ﬂumuﬂﬂ'\’]%ﬂﬁ']ﬂﬂu

AN L* a* b* Hue angle Chroma
ANRIIAA LIANA (TN.)
(YRA)-u
Control 4 32.42+0.836°  1.47+0.599° 10.08+0.162° 81.65+3.166° 10.19+0.117°
30-8 1 34.48+0.327°  2.53+0.676° 11.90+0.614° 77.93+3.341° 12.18+0.563"
2 34.68+0.721%°  2.41+0.604° 11.32+0.275° 77.95+3.050° 11.58+0.246°
30-10 1 34.22+0.799°  2.58+0.883° 11.73+0.348° 77.66+4.008° 12.03+0.445"
2 34.43+0.902°  2.48+0.655° 11.52+0.482° 77.86+3.133° 11.79+0.486"
50-4 1 34.2240.627°  3.74+0.431° 11.65+0.259° 72.197+2.202 12.24+0.181°
b
2 35.54+0.512°%  4.13+0.72° 12.49+0.261° 71.698+3.090 13.18+0.077°

b

A o

WNNRIME ANHIANIANMNIETIANRREAMHLWINIUNLAAIANUANG et NNTEAATY (p<0.05)
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ANANTALT A TL81Z108 90 91 (AN3797 6)  ANARNNLAN (hardness) tuAINLANDaLIN

(kgf.) NElunsianzdaatdatuaudunsey Tngldiaans Tvazuanianmuaneuzing

D
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SNEIANTUAIANNLINTBNL AU ALK BN IE LN WL NN AT ULAT AR AAREI LN TN
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Q a
I

ANATALTHE TT8ZAN 90 T (mmqﬁ 7) A1 TBA Sludnfitisueniennsiineandiaduly
ansiszinlasii lesann TBA azinuffenduanlavaslas oilunansosiiud 2 7
Ananeandndululafugia polyunsaturated fatty acid ﬁﬁﬁuﬁz@jmﬂﬂdﬂmuﬁmmm
Tl FuilevnUffendu TBA azifaansfiduns Feannuidinsedunsaziiludadou

IAeIMT9n1 Oxdative rancidity (Frutos and Hernandez-Herraro, 2005) a1NHNANINAADN
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a

A1914 5 USanuanuduaasnragnsluszuinansiiusnenanmgil 30 asanaadesiluszazioan 90 du

au

BUNANNTU (%)

U399770UN 9222191 MNNTALTNEA (33)
15 30 45 60 75 90
PP 6.41+0.127°"  5.26+0.517"°  6.02+0.204°*°  6.69+0.040°° 7.65+0.122°°  10.71+1.00™"
PP+0,absorber 5.10+0.298°°  5.68+0.675"°  6.1240.132"°  6.95+0.118"°  8.84+0.060"° 11.55+0.580""

c,AB c,BC

PP+ moisture absorber 4.63+0.327°°  6.46+0.163 7.57+0.066"° 6.86+0.120 8.36+0.060™°  7.50+0.475"°

PP+0,+ moisture 5.80+0.365°  7.11+0.134°"  8.47+0.040°" 7.72+0.083"" 9.34+0.092"" 11.56+0.082""
absorber
NUNELUB SneEeRNANMNNaDeARRLA N LLINaRT LA AYANLANANa NN dad1 ATy (p<0.05)
ANEINNW I MUN L DIARRLANNLLIAINLAASANNLANF a9 T1Tad ATy (p<0.05)
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a

A1519 6 AANNLTrassdattlusznImsiiuineanun 30 asAndaidasitiussazioan 90 U

u

AN (Kg.F.)

U399770u sreizinan lunsiLsnEn (F1)
15 30 45 60 75 90
PP 0.508+0.004°"  0.567+0.005"° 0.570+0.04"  0.612+0.005" 0.641+0.004°" 0.682+0.006™"
PP+0,absorber 0.463+0.001"%  0.494+0.004"" 0.505+0.005" 0.520+0.006°° 0.564+0.003"° 0.589+0.009°
PP+ moisture 0.487+0.005°°°  0.516+0.002"° 0.535£0.005°° 0.548+0.002°° 0.544+0.007°° 0.557+0.004™"

absorber

PP+0,+ moisture 0.439+0.01"°  0.546+0.004°" 0.581+0.004™" 0.601+0.002°° 0.621£0.004”° 0.641+0.005™

a o o

VLR ANEINNIANUNIEDIANDAL AN LUIURUT LAAIANLANFANRE N NB & Aty (p<0.05)

a o

0y
SR IO runaieARR gAML LAAIANLAN et 19T A ATy

(p<0.05)
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a

M15749 7 A1 2-Thiobarbituric acid (TBA.) mfmril’q'aa'l'N’l,u'izwi'Nn’mﬁu%’nmﬁqmunu 30 agALEALE LT USTEZLIRT 90 AU

u

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

U997 70U 522981 NITALTNE (344)
15 30 45 60 75 90
PP 0.626+0.0040"° 0.797+0.014>"  7.31 7.54+0.025°" 8.28+0.011°"  8.69+0.044™"
+0.017%"
PP+0,absorber 0.485+0.0030°° 0.520£0.0080°° 4.95+0.049"° 537+0.019°° 5.69+0.18°°  6.32+0.0090""
PP+ moisture 0.582+0.0030"°  0.629+0.0040"® 5.27+0.015°° 5.34+0.027°° 6.15+0.033"°  6.64+0.0050*°
absorber

PP+0,+ moisture 0.79440.0040°" 0.784+0.013°"  6.87+0.11"°  7.46+0.016"° 7.36+0.0090™° 8.19+0.021"°

NHEIR) ENHINNHANUHNYDIANLRAL AN UL LELTILAAIANLAN AL W R A ATY (p<0.05)

!
o a 1 = 1 dl Qg; dl ! 1 A o o o
‘ﬂﬂH?WﬂJVﬂﬁﬂgﬁN’mﬂ\iﬂ’]Lﬂ@ﬂﬁl”lﬂJLLu’lm\?WLL@G’N@’J’]MLLﬁ]ﬂlﬂ’N’ﬂﬂ’]\iﬁ\Iuﬂ'&’] £ (pS0.05)
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m1519 8 A1ANNEIe (L¥) 2assnadndluszninamaiiusnenanmnd 30 asagadasitluszazioan 90 4u

ATAINNATINN (L*)

U399 U 522981 NITALTNE (344)
15 30 45 60 75 90
PP 49.90+1.68°  54.0642.09™" 54.46+2.04°" 49.91+1.30°" 58.13+1.09"" 53.25+2.22%"
PP+0,absorber 53.06+1.49™"° 5153+3.10™" 48.99+2.73™" 5329+231™" 51.03+1.61"° 51.85+1.36™"
PP+ moisture 54.89+1.40™"  51.43+1.70°" 53.87+1.87"" 50.724¢2.20™"  51.35+0.875"° 55.92+1.47°"
absorber

a,AB ab,A

PP+O,+ moisture 52.90+1.28 48.57+1.70 52.59+1.63""

52.73+1.96™"

44.09+1.77°°

45.57+0.59”°

WNEING] ANEINNALANUNIEDIANRRL AN LUIUAUTILAAIA TN UWANEI 19BN HT]

ANEINNW NN L DIARRL AN LLIAINLAASANNLAN AR e eilTidn
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WadAty (0<0.05)

o

ATY (p=0.05)



=

m1919 9 MALAe (a¥) vasmradidluszuinamaiiufnunfiquund 30 asmaadasiiluszazioan 90 du

u

1 al
ANALLAY (a%)

U399 U 922219 MNNFALTNEA (33)
15 30 45 60 75 90
PP 18.2741.20™" 20.48+1.23"" 21.13+1.47"°" 21.64+1.21™" 17.09+1.06"°  19.11+1.89™"
PP+0,absorber 16.78+1.14™"  21.05+2.20™" 20.66+1.86™" 21.77+1.59"" 20.82+1.35""" 22.01+1.08*"

PP+ moisture

absorber

PP+QO,+ moisture

17.18+1.068™"  22.23+41.43™"  2220+¢157*" 22.83+1.79™" 22.33+0.922*" 17.96+1.30"°

a,BC a,AB

19.93+1.03*"  2220+1.26™" 21.44+153"" 19.50+1.39™" 18.80+1.28 21.20+0.443

ZENMAINGT)

o a @ =2 { dl dl ] 1 = o
ANHINUALANUNIETIANRAL AN ULUIURUN LA AN AN ULANF BN IEN Ey(p<0 05)

1%

ANEINNW I NUN L DIARRLANNLLIAINLAASANNLANFNa e TTad ATy (p<0.05)
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m1519 10 MAuaas (b*) sassradidluszuinansiiuinunanmgil 30 asrngadasiuszazioan 90 du

ANRLUADY (¥)

U997 T0U 52819 A1 LNNFALFNEN (334)
15 30 45 60 75 90
PP 35.95+1.87°"  40.06+1.49™" 39.95+1.42°" 3857+1.92"°" 43.39+0.948""  39.95+1.87"°
PP+0,absorber 36.88+1.00™"  36.76+1.73™"  40.24+1.47"" 40.89+1.48"" 37.92+1.41%°%  41.47+1.45™°
PP+ moisture 39.57+1.26™"  39.02+¢1.42°"  39.40+1.32°"  40.06+1.73"" 40.89+0.959°"° 43.39+0.62°"
absorber
PP+0,+ moisture 39.0340.960*" 36.40+1.48™" 39.03+1.73™"  39.134+2.01°" 30.85+1.94"C  35.74+0.72"°
UNEIG] AnEINNTIANMNNED9ANRRLA N LLINEUN LA AYANLANAa 9N TE A ATY (p<0.05)
SNEINNW YN L TNARRLANNLLIAINLAAIANNLANFNa Tt d Aty (p<0.05)
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a

1 = a [ ] [ = [ o
F1919 11 AyuLRAd (hue angle) °1|'a<1mfam\flu'izmwmsmuenwmqmunu 30 asAdardadilussaziaan 90 2u

u

Hue angle

U997 T0UN 522981 NITALTNE (344)
15 30 45 60 75 90
PP 62.81+1.77°" 62.71+2.01™" 61.82+2.08"" 60.27+2.04”" 68.73+1.07""  64.15+2.89°""
PP+0,absorber 65.78+1.29™"  59.98+3.47™" 62.76+2.72"" 61.76+2.34" 61.01+2.27"° 61.76+1.86™"

PP+ moisture

absorber

PP+O,+ moisture

abA

66.60+1.26 60.23+1.42°"

62.93+1.48™"  58.48+1.73*"

60.42+1.32°"

61.07+2.03™"

60.13+1.74°"

63.0622.42""

61.26+0.96™"°

57.99+3.03*°

67.58+0.62™"

59.26+0.83"°

ZENMAINGT)

AN INNWLANUNLDNANRAE AN LU LAUN AP AN LANANNDE 1N 1

ANEINNW NN L DIARR AN LLIAINLAASANNLAN AR e eilTidn
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a

1 14 a a ' 1 [~ = [ o
A1519 12 ATAMNLANURNA (chroma) °1|ermazm"luszmwmsmmnqumunu 30 asAndardadiiluszaziaan 90 Hu

u

Chroma

U399770UN 52821981 MNTLFNE (F44)
15 30 45 60 75 90
PP 40.49+1.93" 4527+1.20™"  45.61+1.25""  44.5241.66™" 46.71¢1.17*"  44.55+0.99°°
PP+0,absorber 40.63+1.24°"  43.22+41.07°" 45.77+1.07"" 46.76+1.02"" 43.62+0.99°™" 47.20+1.06™"
PP+ moisture 43.25+1.36°" 45.22+41.19™" 4565+1.03"" 46.59+1.43"" 46.76+0.61*"  47.16+0.615™"

absorber

PP+O,+ moisture

43.97+0.86™" 42.86+1.44™"  44.84+1.68™"  44.11+1.66™" 36.65+1.40°°  41.60+0.59°°

ZENMAINGT)

o a @ =2 { dl dl ] 1 = o
ANHINUALANUNIETIANRAL AN ULUIURUN LA AN AN ULANF BN IEN Ey(p<0 05)

1%

ANEINNW I NUN L DIARRLANNLLIAINLAASANNLANFNa e TTad ATy (p<0.05)
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a

m1519 13 Banuaduvisinaunaluladieszuinamainuinenyianmundl 30 asrmgadasifluszeaziaan 90 4u

u

ﬂ?‘mm@mm fm‘wm (cfu./g.)

U997 T0U 52810 AN LNTFALTNEN (334)
15 30 45 60 75 90

PP <10° 6.1x10’ 7.6%10° 9.2x10° 1.0x10" 1.3%10"
PP+0,absorber Tadwl 7.8X10° 8.0X10’ 9.4x10"  9.8x10°  1.0x10°
PP+ moisture <10° 8.9%10° 9.2x10° 1.1%10" 2.0x10° 2.7x10"
absorber

PP+0,+ moisture <10° 9.1x10’ 9.4%x10’ 1.3%10° 2.2x10" 2.5%10°

NUNELUB snwsfnidnuneferaimuiiueuiiuanspuuansetnittddny (p<0.05)

o

ANEINNW I MUN L DIARRLANNLLIAINLAASANNLANF a9 TTad ATy (p<0.05)
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= a ' ' & o S I v
A58 14 USanagdauazslualageszuinensinudnenauugi 30 asanaadasiiluszeazioan 90 Ju

u

Buaiiafuaz (cfu/g.)

U997 T0U 528121987 lNFALTNEN (334)
15 30 45 60 75 90
PP 1.0 4.0 18.0 31.0 39.0 46.0
PP+0,absorber Tadwu 18.0 29.0 37.0 45.0 68.0
PP+ moisture T 3.0 12.0 27.0 35.0 41.0
absorber
PP+0,+ moisture 2.0 17.0 32.0 49.0 64.0 92.0
VLR SR A NN 8T AR AL LLIUAUT LA A AN AN ARt TRId ity (p<0.05)
é”ﬂmﬁmwnlmgumaﬁqmm?qlﬂmml,mﬁiiﬁLmemmLL@ﬂﬁm@ﬂ'Nﬁﬁﬂzﬁﬁ ity (p<0.05)
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ARUNANULAIRNTRL (Solar dryer)
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Optimization of drying-process efficiency and shelf-life extension by active
packaging in crispy minced-fish snacks.
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The traitional drving process of minced fish sheet wses either solar drving or hot-nir ovens that require a long persod of time. The products also have a short shelf-life due 1o poor
packaging. This research explored improving process efficiency by drying time optimization and extending shelf-life by active packaging technology. Drying processes were hot-ag
oven, microwave heating, and o combination of both. Physical properties of samples were compared with a control which was processed by hot-air oven at 45°C for 4 hr. Then. all
samples were fried and packed in vanous packages inclisding polypropylene bag (PP) as control. PP wath oxygen-absorber sachet and PP with mossture-absorber sachet. Sample qualities
were determined and compared dunng stomge at 30°C. For hot-air oven, increasing temperature and time mised the drying rate of treatments. resulting in samples with lower moisture
comtent, wiler activity amd slightly darker color than control p=0.05,. For microwave heating. treatment a1 power of 50 Watts for 6 nun and 30 Want for 6-8 mins achieved moisture
content and water nctvity that were closer 1o control (p-0.05). However. samples treated wath lower power resulted i a vellowish-brownish color which was more desimble. The
combination of mictowave heating and hot-air oven significantly reduced drying time ps0.05, and the opumum condition was using microwave a1 30 Wats for 8 min followed by hot-
ar oven of 43°C for | e Dunng storage, modsmure content. water activity and TBA increased whereas crispness decrensed with increaung storage tme. Using oxygen absorber resulted
in samples with the least oxsdation udging by TBA changes. Using moisture absorber achieved samples with the least moisture content, resulting in better texture. According o standard
for total plate ount and yeast & mold count, samples could be stored up 10 60 days. Thus, active packaging could be an alternative way to extend shell-life of crispy minced-fish suncks

Introduction

The minced fish snack are developed as an al o val Ided proshucts from
Catfish. The traditional drying process of minced fish sheet uses either solar dryving or hot-
wir ovens that fequire a bong penod of tme. The products nlso have o short shelf-life due
o poor packaging Tlus research explored improving process efficiency by drying time
opiimization and extending shelf-life by active packaging technology.

Prepavation of crisp mined-fish snack

-2~

Fillets and flayed Grinded Catfish Ingredient and seasoning
Catfish
Diried o 18 sanphs sise Sheeted thickness =2 mm. Mixeure ssrini, ingredient snd seasoning
15718 lInc, lended for & i

Crsp maned-fish snack

W condihr

sands hr.
and 4 hr.

sowaltts 6,5, joand 12min.
swalts 46 sand wmin.

Jowatts s min, + hot-air oven 4s°c 1 and zhr,
sowatts 4 min. * hot-air oven a5 "¢ 1 and 2hr.

Physical and chemical properties of sample mchsding mosture content (Sartourms,
MAAD, Germany, water acuvities (a) Novasina-RS 200, Switzerland, hardness (Instron
Texture Analyzer) and color value (L*a" b* CRI0. Konica Minolia sensing Inc., Osaka,
Japan). Data was statistically analyvred using the analysis of vanance (ANOVA). Samples were
compared with a control which was processed by hot-air oven at 45°C for 4 hr. The switable

drying condition was selected to be wsed in the next experiments.

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

The sample were fried and packed in vanous packages includmg polypropylene bag

(PP) s control. PP with oxygen-absorber sachet, PP with modsture-absorber sachet. PP with

L bsorber and

baarber sachet. Physical and chemical qualities of sample

were determined and comlpnml as deseribed in (1), the 2-thiobarbitunc acid value (TBA).
tolal plate count and veast & mold, during time storage for 90 days at 30°C

Results and Discussion

For hot-air oven. increasmg temperature and time maised the dnving mate of
eatments, resulting in samples with lower moisiure content, waler activity and
shightly darker color than control <005

T S R R R w
i ) ——
For microwave heating, treatment at power of 30 Wasts for 6 min and 30 Want
fior 68 mans achseved modstere content and water activity that were closer 1o control

{p=005), However. samples treated with lower power resulted in a vellowish-
brownish coloer which was more desimble,

The combinanon of microwave heatng and bot-ar oven sigmficandy reduced
drying time 0,05, and the opimum condition was using microwave at 30 Watts
fior & mun followed by hot-air oven of 45°C for | hr

During storage, modsire content, water activity and TBA increased wheress
cnspness decreased with increasmg storage time. Using oxvgen absorber resulted in
samples with the least oxidation judging by TBA changes. Using moisture absorber
achieved samples with the least moisture comtent, resulting in better texture

According 10 standard for total plate count and yeast & mold count, samples coubd be
stored up to 60 days

Conelusion
The optimize of drving conditions were 30 watts of microwave power for
mirutes followed the hot-air oven of 45°C for | hr Duning storage using oxyvgen-
absorber resulted in sanple with the least oxidation judging by THA changes, Using
morsture ~absorber nchieved sample with the least moisture content, resuliing in
etter texmre. According 1o standard for total plate count and yeast & mold count.
samples could be an alternative way to extend shelf-life of crispy maned-fish snacks
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Abstract

The wmditional drying process of minced fish sheet uses either solar drying or hot-nir ovens that require a long period of time. The products also have a short shelf-life due to poor
packagimg. This research explored improving process efficiency by drying time optimization and extending shelf-life by active packaging technology. Drying processes were hot-nir oven,
microwave heating, and a combination of both, Physical properties of samples were compared with a control which was processed by hot-air oven at 43°C for 4 hr. Then, all samples were
fred and packed in vanous packages mecluding palypropylene bug{PP}us control, PP with oxygen-absorber sachet and PP with moisture-absorber sachet. Sample qualities were determined
and compared duning stornge at 30°C. For hot-air oven. mcreasing temperature and time mised the drying rate of treatments, resubting in samples with lower maasture content. waler activity
and slightly darker color than conirol =05 For microwave heating. ireatment ai power of 30 Waits for 6 man and 30 Wan for 6-8 min achicved moisture content and water mmydm
were closer to control (p-0.05). However, samples treated with lower power resulted in a yellowish-brownish color which was more desirable. The combination of microwave
Tsot-air oven sypnificantly reduced drving time (p=0.05), and the optimum condition was using microwave at 30 Watts for 8 mun followed by bot-air oven of 45°C for | hr. During stomge,
moisture content, water activity and TBA increased whereas crispaess decreased with increasing storage time. Using oxygen absorber resulted in samples with the least oxidation judging by
TBA changes. Using moisture absorber achieved samples with the least moisture content. 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 aliernative way 1o extend shelf-life of crispy minced-fish snacks.

eparation of crisp minced-fish snack

1. Drying process improvement of crispy minced fish snacks.

———

e

The combination of microwave heating and hot-nir oven significantly reduced
drying time p=0.0%,, and the optimum condition was using mucrownve at 30 Watts
for & min followed by hot-nir oven of 43°C for | hr.

During storage, moisture content, water activiry and TBA mereased whereas
cnispness decreased with mereasing storige time. Using oxygen absorber resulted m
mmmmmnowmwmmumwm

! samples with the least moi betier texture,
mwmmmcmqmmwdmmmm
Lo-ln‘s-la}nwlnulphumdmhumwmmxm‘m_pﬁ

Phiysical and chemical properties of sa moisture confent, water activities mﬁﬁsl' T:utl'm'. m%*“: llll_l??d:;::lﬁ :
(n,}. hardmess (Instron Texture Analyzer) mlnr \'nhw (L*a*, b*, Datn was statistically :udilimnmldi:::ﬂ?r?m lhte‘nf'l;-:pdt:'smlﬁ hwﬁm
annlyzed using the analysis of variance (ANOVA). Samples were compared with a control values exceeded the product’s standard limit, As for the yeast and mold count, the
which was processed by hot-nir oven at 45 *C for 4 hr. The suinble drying condition was vﬂmmwm!mmmmﬁdmmhmﬂh

selected 10 be used in the next expenments. weast and mold (100 colonkes per gram) in samples
2. Study the extending shelf-life crisp minced-fish snacks by active Foem——
.P‘fmm technology. The optimize of drving conditions were 30 watls of microwave

power for § minutes followed the hot-air oven of 45°C for 1 hr. During
storage using oxygen-absorber resulted in sample with the least oxidation
judging by TBA changes. Using moisture absorber achicved sample with
the least moisture content, resulting in better texture. The shelf-life of
sample was 45 day before being considered mncid whereas it was |
considered spoiled at 90-day stornge based on the microbiological

‘standard.

fﬂl:‘}gr_vm'-lm_eh_m (PP) PP +oxygen-absorber sachet PP+ oxygen-absarber sachet

The sangple were fried and packed kages mcluding polypropylen lﬂs(l'FJ i

o LE KNG, Pachigeh g " . Jamamake 1(1993). Food science and technology, Department of food science and.
as control, PP with oxygen-absorber sachet, PP with moisture-absorber sachet, PP mmrmﬁmumxuﬁwmmmm
mwuwmwdmmwmuw wasik P. (1989) Food process " f Agro-Industry, Faculty
were determaned and compared as deseribed n (1), the 2-thicharbitunic acid value (TBA), naturn] resource, Prince 'MII-IUIIM' ity i P52
total plate count and yeast & mokl. during time storage for 90 days a1 30°C. “mmwm&m i Conr __'nn\_'_q.m -
(2004 (TCPS.1040:2548). P, 1-6

Results and Discussion Mmf&muuumdntzﬂln} Mﬂwmﬁmm

thﬂnmmwﬂmmmmmﬁ packag Wy gen - and storage
resulting in samples with lower moisture content, water activity and slightly darker color than mpecled alimand k ris dulcis). EWT. 43, P1-11
control =005,

For microwave heating. treatment at power of 50 Watts for 6 min and 30 Watt for 6-8 min Acknowledgement
achicved moisture content and water activity that were closer to control (p-0.05). However, The research was funded by the Office of the Nationn] Rese
mmmmmmaammm“m (NRCT) for Naresuan University fiscal vear 2553
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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 control (pS0.0S). 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 (pS0.0S). The optimum
condition was using microwave at 30 Watts for 8 min with hot-air oven of 45 °C for 1 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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The conference will provide opportunity to meet and share experiences as well as strengthen networking
among international food scientists and scientists in related fields both from academia, government official and food
producers industries. The purpose of ASEAN FOOD CONFERENCE 2011 is to highlight significant developments in
research and innovations in food science and technology with an emphasis on food products innovation. The
conference will feature a series of presentations and discussions in plenary, concurrent and poster sessions, informal
gatherings, competitions and exhibitions.
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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.", WongSa-Ngasri, W.?, 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.1a-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.

1.00 100.0
¢‘~“ ] 80.0 °
0.80 ~; M ;; .
“\ . = [ ] === 450C
0.60 M M E 60.0 —--\i;- ---------------------------------------------
\...‘_ ().__0 E " === 550C
0.40 - v 40.0 N
g Y
0.20 2 200 Y
. n
0.00 . . 0.0 . .
0 2 4 6 0 2 4 6
drying time (hr.) drying time (hr.)

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.)

Packagin
Con digt]ior? Storage (days)
15 30 45 60 75 90

PP 0.63+£0.01"  0.80+0.01%* 7.3 +0.02**  7.5+0.02%*  8.3+0.01™*  8.7+0.04*"
PP+oxygen 0.49+0.01°°  0.52+0.01%¢  4.9+0.05%°  5.4+0.02°C  5.7+0.18"%  6.3+0.01*
absorber
PP+ moisture 0.58+0.01%¢  0.63+£0.01%®  5.3+0.02°¢  5.3+0.03°C  6.2£0.03*¢  6.6+0.01*€
absorber
PP+oxygen+ 0.79+0.01°*  0.78+0.01°*  6.9+0.11%®  7.5£0.02°®  7.4£0.01"®  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 (%0)
Packaging
Condition Storage (days)

15 30 45 60 75 90

PP 6.41£0.13*  526£0.52%C  6.02£0.20°"C  6.69+0.04°C 7.65+0.12°°  10.7+1.00**
PP+oxygen 5.1040.29°¢  5.68+0.68""  6.12£0.13%¢  6.95+0.12°%  8.84+0.06"%  11.6+0.58>*
absorber ¢
PP+ moisture 4.63+0.33%C  6.46+0.16%%  7.57+0.07°% 6.8620.12°%C 8.36+0.06*C  7.50+0.48>"
absorber
PP+oxygent  5.80+0.37"F  7.11+£0.13%*  8.47+0.04%* 7.72£0.08**  9.34+0.09"* 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.)

oy Sorage (@9
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.)

ool “Storae (i)

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+oxygent+ 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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