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Abstract

Diffusion coefficient is a property of food, which measure a capability of a solute passing
througth a material at some conditions. At present, fresh water fish processing uses chemical agents
such as potassium nitrate to inhibite microoganism and improve color of products. Study on
diffusion of nitrate passed througth the meat of fresh water fish which using 0.5, 1.0, 1.5 and 2.0
Yaw/(v potassium nitrate solution and nine fresh water fish were namely Tilapia nilotica, Probarbus
Jullieni, Pangsianodon hypophthalus, Cirrhina microlepis, Channa striatus, Channa micropelts,
Hypaphthamichthyd sp., Cyclocheillichthys enoplos and Cyprinus carpio.  The result showed that
diffusion coefficient of nitrate were prepared from 0.5 %w/v potassium nitrate solution, passed
througth the meat of nine fresh water fish were not so much difference ranging from 2.602 x 107 to
3.585 x 10 cm /sec. In addition to diffusion coefficient of nitrate trend to decrease as concentration
of potassium nitrate solution increase. Diffusion coefficient of nitrate passed througth the meat of
nine fresh water fish were 2.349 x 107 2.991 x 107, 2323 x 10" - 2.592 x 10" and 2.239 x 10 -

2.491 x 10" em'/sec at 1.0, 1.5 and 2.0 %w/v potassium nitrate solution repectively.

Keyword: Diffusion coefficient, nitrate, fresh water fish
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2.2 UBATLUN (alginate) [7]
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2.3 1lanilin (Freshwater fish)
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a1 arwduduveang IRafiumAmT 2% wiv uAaFoueaTiumen U AU

Taoldlusiasia Pitched-blade turbine ANUE1T01 180 S0UADUIT

o ﬂ'J"Lul%’uﬁ’s’quﬂ”mmﬂgiﬂﬂ (InaniuAaans)
(171) Fumad | fniadi 2 Aunniad 3
5 1.24 1.04 0.88
10 2.07 1.56 123
5 2.81 2.06 2.16
20 6.27 5.23 5.04
30 10.12 8.32 7.89 .
45 29,41 21.48 20.12
60 40.16 28.32 30.19

- = P T k a3
AN Y2 MITUATIEHEDA 15 Single-Factor Repeated Measures Design Y840 THANAUY
w ¥ = = =Y
vanimang Taafiumden 2%wiv uaadeunoasum Taoldluviazia

Pitched-blade turbine AMU5 1591 180 TOUADUTH

Source of variation 58 df MS F
FEHEATNYL 56.34761 2 28,1738 4.254927*
Ao ludumg 2888.726 18 160.4848 24.23708*
IR0 2809.268 6 468.2113 70.71125%
ATTUHANA A 79.45746 12 6.621455

37U 2945.073 20

* upnAnfuRTEALInd 1Aty 0.01
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2

-l ) = () o it o | |
A5 141N U3 'FI’]’Iifl'lllf'ullﬂﬁdﬂiﬂﬂﬁﬂllﬂ?ﬂ'ﬁ-j 2% wiv J.I.ﬂfll‘ifjtllill.mfl’ill'l-l‘r'll.‘ilﬁ W AMHUAA1T

Traldlusiawiia Pitched-blade turbine A3 1501 200 TOUADUIT

(a1 mmnﬁnﬂiwmﬁmmﬂghﬂ (HaaniuAaans)

(W) A 1 e 2 Auniad 3
5 1.22 .16 0.98
10 2.34 1.92 1.92
15 298 2.17 241
20 534 5.2 4.89
30 10.26 7.69 B.42
43 25,13 22,16 20.16
&l 3549 30011 31.02

e = v ou v - y W
AITHEN YA ATUATIEVADA 15 Single-Factor Repeated Measures Design UB9A 110U
vosthmanaTnauns iy 2%wiy uaaFuuueatiun TaolFluiasiia

Pitched-blade turbine #710157381 200 TaUABLIN

Source of variation 55 df M3 F
FEHIAUMNUL 15.36892 2 7.684462 5.172726*
mnludmmua 2626.302 18 145.9057 98.21508*
18 2608.475 6 434.7459 292 6452+
ANUAANEAIR 17.82688 12 1.485573
37U 2641.671 20
+ yanalaiuitseauisdng 0.01
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e

= 1) - a [N = = a (K]
A1THNALS ﬂ“]'iﬁl;ffﬂﬂiuﬂﬂ‘Qﬂﬂ IEENUWIHTYE 2% wiv UABYELHDATIUNIDA T AIUHUIA 19

ar = - =) i =
Taeldluviawiia Pitched-blade turbine ANWIF1501 220 38UABUIN

Al m1nm’5m‘fuwmiy'|manq'iﬂﬂ (inanfunpanT)
(uM) Fumiait 1 Auniian 2 Audadi 3
5 112 0.92 112
10 1.63 1.73 1.74
15 2.83 2,65 2.37
20 5.20 5.46 531
30 8.98 8,57 8.61
45 2112 20.76 20.64
600 31.84 32.42 31.02

Sy S

o o ¢ . U
A1 4.6 N19UATISHEDA 75 Single-Factor Repeated Measures Design YBIATTMIVHUU

]
= A

vonhaiang Inafuidrn 2%wiv unaduuweatum Taeldluiasin

o ' =
Pitched-blade turbine AIUETIT0U 220 F0UADUIN

Source of variation 58 df M3 F
FEM AN 0.303581 2 0.15179 1.703991
A luA I 2453.977 18 1363321 1530.456*
1781 2452.908 6 408.8181 4589.369*
ATUAANGDIA 1.068952 12 0.089079 -
3721 2454.281 20 - -

* UANANAUATTAUNYE ALY 0.01
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mani w7 - anududuveang Inafumssin 2% wi taaFuuioaiunmg o Aunniae

2 = a1 * =] ' =1
Taul¥lufiariia diskflat-blade turbine A5 7791 180 ToUABUIN

13an ﬂ1111!.*i'fmf|’wmlf1ﬂmng'fﬁrr (iilmaniuAeans)
(u1i) Fumad 1 Al 2 Faumtiad 3
5 134 1.02 0.86
10 2.16 1.67 1.83
15 334 2.68 2.15
20 578 6.18 5.13
30 10.87 8.38 7.96
45 28.43 22.04 19.48
60 4345 3242 31.41
MIUAYE  MIIATIEHAGA 35 Single-Factor Repeated Measures Design Y03y

vouheang Iaefiunsdin 2%wiy taadouueaiun Taeldliniaia

diskflat-blade turbine AUG701 180 50UABUTR

Source of variation SS df MS F
FEMTHAIUUY 56.00418 2 28.00209 4,089332*
mwludimg 3219.544 18 178.8635 26.12063*
181 3137.373 6 522.8954 76.3619*
ANUARNEIA 82.17115 12 6.847595

571 3275.548 20

* uanAnAuiIzAIisd ATy 0.01
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ATUA LY ATHENTUUEING INAAUNTATY 2% wiv URTITEULDATIUNEA © ANHUIA1

Tae ¥ luviniin diskflat-blade turbine RIS 501 200 TOUADUIT

o | ﬂ':mﬁuirwuwfmmnﬂﬂﬁ (HadnsuABans) |
(117) Aunniei 1 Anniah 2 Aumndaf 3 |

5 0.76 1.34 LI

10 235 1.75 1.56

15 2.77 243 2.19

20 5.61 478 5.14

30 11.62 8.76 8.19

43 24.32 2213 20,98

60 36.17 30.62 30.00

= = SRy St . . . W
10 0 Y R R P ) 1ziana 35 Single-Factor Repeated Measures Design Rty
yoarhaang Inaiuns s 2%wy inaduuueatun lasldluviayia

diskflat-blade turbine ATHITITOU 200 ToUABLIR

Source of variation 55 df MS F
TEHIHATINUA 16.72106 2 8.360529 5.143953*
mwludns 2644.828 18 146.9349 90.40412*
1331 2625.324 6 437.554 269.2124%
ATUAANDIE 19.50374 12 1.625312 -

5 2661.549 20 - - |

* anAtanuRTEALEE AT 0.01
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EREL I AT HYeaIng IATNINTHIL 2% wiv LRRFuLLBATIUNDE B ANHUIA1IG

Taslaluvineiia diskflat-blade turbine A15ITOU 220 SBURDUIN

(a7 ﬂ11u1ﬂ’fuﬁ’}'uﬂ1ﬂ41{1ﬂ1aﬂa“'iﬂﬂ (Hanniuaoans) _'
() Faumadi 1 e 2 fuvdadi 3 |

5 132 0.98 1.08

10 1.76 2.03 1.54

15 2.56 2.86 1.99

20 5.74 6.08 5.17

30 10,67 9.71 8.69

45 2233 20.16 20.32

0 34.15 32.92 30.28

S - o 5 E: W g
ATWALIZ  MTIATIEHATA 9T Single-Factor Repeated Measures Design Y83 MMM
W
& .ul ) =i o o =
ﬂJ'ﬂQH'l'FI'JﬂﬂQTﬂﬂﬂilH'iH'm 2%%wiv LIRATELLDRTUN ‘Iﬁﬂj.‘ﬁ'].l'l"'lﬂﬁ’u'ﬁ

diskflat-blade turbine AUEITOU 220 SOUABUIN

Source of variation 55 df MS F
TEHTUATLNHUL 6.142638 2 3.071319 4.871869*
mu”luﬁnmﬂq 2539.722 18 141.0957 223 8125*
178 2532.157 6 422.0262 669.4375%
ANUARNAIA 7.565029 12 0.630419
57 2545.865 20

* uana iU ssAulsd 0y 0.01
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- LT i i o s Fiu
AT .13 FI'J'l'l..li.'lll.[’l]'.l-.l'H'Eliﬂqt[ﬂﬁﬂlﬂ'ﬁﬂ-lu 2% wiv Hﬂﬁlﬁﬂﬂuﬂﬁmuﬂﬁﬂ W AIMHHIAT1E9

Tav 14 luviawiia Marine-type propeller 715278 180 S8UABUIT

¥y arududuvenimangTne (iadnfurodn)

(1) Aumdadi 1 Auomiaii 2 Faumtiadi 3
5 1.81 1.04 0.98
10 1.93 116 1.32
15 3.03 2.37 2.13
20 5.01 6.03 4.04
30 14.27 12.01 10,12
45 30.16 234 20.08
60 19.87 30.16 24.36

= = ¢ oo o 3 b
AR Y14 MITUATIZHOOA 15 Single-Factor Repeated Measures Design Y8R 7110HUH
yaurhatang Inaiumssnu 2%wiy uaauieaim Tasldluiayiia

o ] =4
Marine-type propeller f71U157781 180 F01UADUTN

Source of variation H] df - MS Fo
FEWTHANUA 79.21378 2 39.60689 4.391883*
muludna 2797.007 18 155.3893 17.23063*
1381 2638.789 6 448.1315 149.69189*
ANUARKAIA 108.2184 12 9.018202

e b 2876.221 20 |

* uanannuissAuied Ny 0.01
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:: 855 3 (3] = = ol i i
AT L5 ﬂ'1mwuwwmqimﬁ;mmm 2% wiv IFDIRMELUDRUNIIA T ATEHHIA9

Tae 19 luinwila Marine-type propeller 91157591 200 50UADAT

1901 arududuvenhmangng (aansudednr)
(u7i) fuiai 1 Aumiad 2 Fumiedi 3
5 .28 i1 0.88
10 1.68 1.47 1.13
15 2.51 242 1.79
20 6.13 4.26 5.62
30 12.13 9.56 9.12
45 30.12 24.72 20.64
60 40.36 34.24 36.06

o - aty g anad . L ¥
AP VL6 MTIATIZHADA 35 Single-Factor Repeated Measures Design ¥83A 1G04
venhwang Inafunid e 2%wy unadeuioatiun laglyluviasia

& = ¥ -
Manne-type propeller AT I700 200 70LUADHIN

Source of variation 85 df MS F
TEHIIAWHUS 3031121 2 15.1566 4.292982*
maludnmia 3539.511 18 196.6395 55.70017*
18] 3497.14% 6 582.8579 165.1005*
AITUAANE R 42.36386 12 3.53031

37U 3569.823 20

-4 L e ] w

+ [ianAniuszAuiodfn 0.01
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msui 17 anududuveeng Tnafiunsi 2% wiv inadouuoaiiumioa o Al
Tnalluineiin Marine-type propeller ATAE158Y 220 SBUABMIA
(Ui amudutuvesthmangina (fadnsuredns) |
fuoniai | Funiieii 2 Fauiai 3
5 118 1.02 0.8
10 134 1.52 1.06
15 2.71 2.16 2.55
20 5.79 491 4,38
30 10.31 9.07 8.29
45 20.49 21.13 19.67
60 33.36 30.89 31.01
AIUA YIS MSIATIEH AR 33 Single-Factor Repeated Measures Design vosa 11ty
vouhnang Tnaflunssty 22%wi ipadaeasium Taul§luiasiia
Marine-type propeller A711139701 200 T9UADMTH
Source of variation 88 df MS F
FENTIIA MU 3.965752 2 01.982876 5.074993*
mgludunnia 24669,423 18 137.1901 351.1258*
1 2464.734 6 410,789 1051.377*
ATIHANAIA 4.688581 12 0.390715
79 2473.388 20

]
= ol

L

&

* IANATINURTSALLET AT 0.01
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maaamaulsEininisung

.1 mamamduilszEninisunivesiiaiang Ingruynafioueadiun

i i W = i e i o N 3
21n7 Ianarud luuni 2 annsomiidudszantinisunilaeds lag—time léan

Aums 2.17
1CD I
Q =2 {Iu __}
{ 60
-
1o
Q=0
t, = I
* 6D
3
1= 1@
D=—
61,
Tani
D = sdulszd@nsnisung (MusuAmaTanIuIN)
3
[ = ATMUHUIVBITUAIDLI (IFUAILAT)
t, = lag-time (IU79)

7.2 A2081aMIAIUI

YAMITNARDIN |

T Bl q'. i : - : L) = el
ﬂ'l'ﬂf'l-ﬂ'!ﬂllﬂ'iﬂﬁﬂﬁﬂ']ﬁllﬁ‘j“dEiﬂﬂ'ﬂ'IﬂﬁQ Ina 1 % wivEiu 2 % wiv UAREFENLLDRY

N Agunpiines

wialunIu pitched-blade turbine

AMIITL 220 SOUADUIN

AU UIUDIUARFULHEATIMN = 0.20 LHUAMAS
18.209 UI¥

lag-time iﬂﬁiﬂﬁ 4.3
1092.54 UM
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maulseansnisuns

(0.2)°/ (6 x 1092.54)

1]

6.102 x 107 @13 1 UAIATAD TN

" L At

usraanmdNlszanimsunsvanhmang Iaa 1 % wiv /11 2 % wiv unaFouneas

My fgunginos iy 6,102 x 10° mauauduasao i

nnmsAIu AR awnsanmdulszdnimsundvenimang Tnasi

2 % wiv URTIFYNUBATIUN YBIgANARDIDus TARIA1713 7.1

: ¥ 1 ::rl ' w1 1
AT ] r'l"lﬁll'lj'i::'?fﬂ'ﬁﬂ'l‘i'l-l'l'l!'i“llﬂﬁﬂ'l'ﬁ'hﬂﬂﬂTﬂﬂ aw/v HTH 2%w/v UADULETIIUNLIEE

wiinlunau pitch-blade turbine AT 1501 220 s0VABUI Tguugiiiod

FANTINADDI ATIUH U Ca alginate gel lag-time D
{cm) {rmin) {m‘nz."sau}
1 0.20 18.200 6.102x 10"
2 0.20 18.203 6.087 x 10°
3 0.20 18.279 6.079x 10"
4 0.20 18.277 6.079 x 10”
5 0.20 18.234 6.094 x 10”
6 0.20 18.109 6136 x 107
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JIAFHHIN 4

MSNATBUNIINGNADA

i =5 ' uhl - i
1.1 minageunnugndsdlumswismidinlsz@nimsunivenivianalag 1%wiv f1u 2%

wiv UAAFSULDATUNLIE

¥

= r:l ] 1 ] = = nT‘ i ]
nndEmanageuiing 1 ilude 332 Tasmsmadudsz@nimsunsvenima
ARG 1% wiv A1H 2% wiv unaEeuuaaTuntinnugndsuiissla uanli 1A

o oy pL ] J:: & e a ot
NAAOUNIIANA lab 1S 7T t-test Wasaudoaam 0.03

u=XtZ,;(81fn) (3-1)
8 =) (X, —X*)(n-1) (3-2)
Tauf
u = lfinuduni
X = Aundonldvnmananey
X, = mildvinmsmagoy
§* = anunlsliu
no = snuatiinamey
lufia
oL = 0.05
Cli2 = 0.025

A - A
WMINITNATU 6 53 Waasat A

df = n-l
df- =6-1 =235
T
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HimsnAgaURNUATINAT 1ANUA1819D
Ho : [ =L,
Hi @ L#FL,

Taof
L, = mduszansnmsunsinaodiang

O
oA

L =mdulszEnimundindsinaeyld
Wmanamey vest Assdunivdidy 0.03
t=(X = u)(S1fn) (3-3)
df =n-1
MINATBUNIIADA t-test

L ausdgumamadey flo mdulss@ninsunsvonimianglag 1%why A1
Wewiy uAATUILEATIN  # lAnNmMInARensTiamuANA 1 INAIRGUYeq Hannoun
L6z Stephanopoulos [2]
2. guuAgIINIODA
Ho: b = 6.1x 10" @110 ualaIneaui
Hi: HL#6.1x10° asiaaudiumiasiuii
3. ssAuiedigselemanzfinnuAanain FaRavnmaUders Ho o Ho A
(ua54Ai0 0.05
4. (ilan1saddd « AssauiivdiAg 0.0 fsuvesnmuihidasaniiu 5 1w« =
2.228
5 fasd conani ldnmsnagen
t=(6.096 x10° 6.1 x 10°)V6/2.114x10"
=-2.015
6. A1t ﬁ1ﬁﬂ1ﬂm'sﬁ‘m'atuﬁfi"m;j'smrhqm £ 97NATT19 ( -2.228 D4 2.228) Fuhise

851 Ho

f ! : ] =] “
a7l lan mdulszanimaunsvsnhmiang Ina 1 % wiv WU 2% wiv URAITUNLBAT

wnd ldsnmsnaneu lulinonuand1a91nagiads (2] Rszaudvdiny 0.05
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[ i ar = ci-.l ¥ -:I ¥
1.2 f‘IT':TL]}‘?U'JJL'FEEIU'FI"I?TH'lI'iZ‘E‘I’“ﬁﬂT“.ilI.'I"‘I“.i"I.I'EN'!».I’I'FI’EﬂﬂQT'F!ﬂ 1 % wiv HIM 2% wiv unaifeiies

Siunii ldnnnmsdiwan Taold lag-time NUDINAUNTS (2.17)

2 M =
‘Tf'lﬂﬂ'|‘iﬁﬂ'ﬂ‘l'FI'|'f'fHﬂiﬁﬁﬂ'ﬁﬂ‘lﬂﬂ'ﬁﬁl'ﬂQﬁ‘iﬂ‘lﬁﬂiﬂ?ﬂﬁ 1%wiv  HIW 2% w/v LIRRAHOULDGE

Sum fgumgides fildvamsdminTaold lag-time fusnaums 2.17)  ldddslumsn

o

R

i o ¥ )
iz a1 mdulszEnEnsunsvenhanglad 1%wiv WU 2%w/v uAREuNIoaRMm 7

gugines filannnsdnou Tauld leg-time Aunineums (2.17)

HANINATDY dulsEANImsing em’sec)
Tao14 lag-time AU (2.17)
1 6,102 x 107 6.090x 10°
2 6.087 x 10" 6.066x 10"
3 6.079% 10" 6.071 x 10°
4 6.079x 10" 6.068 x 10"
5 6.094 % 10° 6.056 x 10"
6 6.136 x 107 6.103x 10"
Mean 6.096 x 10" 6.076% 10"
5D 2.144 x 10" 1.728x 10"

i o & lﬂel L] :’ - 1 =) =
Lﬂ?ﬂULﬁUﬂﬂ1ﬂﬂﬂiﬂﬁﬂﬁﬂ15llHTﬂBQUTﬁ-!ﬂﬂQ Ing 1%wiv WU 2%w/v LARITUNLIDET

-r_': =y 1 £ N = ¥ ==- .
i figampiives AldainmsdnnuTaold lag-time Auvinaums (217) Taold cest #szAy

wedAn 0.05

e (3-4)
\(T 1
S e
”I n"_r
2 — 1yl
gt = Cu= DS =S} &

Ubon Rajathanee University




Ubon Rajathanee Unive?r[sbity

unuAY luaums (9-5)
»  (6-1)(1.728x107") + (6-1)(2.144x107°)°

= 6+6-2
= 1.493x10™"° +2.298x107"
= 3771x107"

Sp=1974x107

SnuATuEunIg (3-4)
 (6.067%107)—(6.096x10™")

{0
1.974%107 xl 1 + l}
b

f
=-0.1779 |
wananmdulszanimsunsuoniimang Ina 2wy F1H 2%wiv URBITUNILBATIUN
fgunaires fldnamsdnonTauld lagtime fuonmums 2.17) Lidamuandieiu i

FEAULUEIAY 0.05

Ubon Rajathanee University



wt Oy
TaveihufiaaThay Az

MMsfouRUns inas

Ubon Rajathanee University

NIRHYIN

madanBinaliunsg

= -y [ Y
i .1 diesudnSine ugse

s lwasa (ppp)

200

ATUANANG (mV)

=
a1 asnhnasguesunse

= o i - I :
D3RRI Nitrate electrode FIA01T pH meter Aa Iy

9 =] dl -d
e lumsafingonly semilog paper  dqly
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