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Development of Mathematical Model for the Hydrolysis Fish Qil
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The functional relationship between the number of mole of an i-fatty acid (Si) included in fish oil and the hydrolysis time(t)
was expressed as a mathematical model, S,=-—«n(s)+ 8, The average errors of calculated values on the basis of the
measured values were distributed in the range of less than 5% for all the 15 fatty aids composing of fish oil. The equation
of hydrolysis rate of each fatty acid was deduced as U—yexp( ) from the above-mentioned S,=-—o,n(s+ B, Therefore
the hydrolysis yields of fatty acids were analyzed using the equation of S v.. t. The 15 fatty acids were categorized into 4
groups from the view point of hydrolysis yield. The hydrolysis yields of the first group, including C14:0, C16:0, C16:1, C18:0,
C18:11 (n-7) and C18:1 (n-9), were higher than 70% at 48 hr of hydrolysis. Those of the second group, C20:1, C22:1,
C18:3, C20:4 and C20:5, were distributed from 40% to 60%, and third group were around 30%. The final group containing
only C22:6 was very hard to be hydrolyzed and the yield was less than 20% at the same time.
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TEEESAYA (polyunsaturated fatty acids, PUFAs) % At oyt 21 n3%9 ITBFEFA WAL BotA s
n-3 Z¢] eicosapentaenoic acid (EPA), arachidonic acid (AA)%} of, 7+g3tAY 3719 A& =W ASES, cis-trans ©]
docosahexaenoic acid (DHA)v= UAA aiz Qlsle Zo A3 Whg 2 o]FHY ] o] Fo oty u=BX A

A7AFe] B9 o] Hojgth B3] ghagrl 2270 Abe] cis n3 FE7E SHAACKR). w0l e
o, o|ZA%57} 67120 DHAE o3} H8 748t Qe %2 AU YAS BLE ARSStol, EPA, AA 2 DHA 5

Az FaxRog FYNZA AlAHe HF HRoE o] IEEXAENY] T E UMM T FAMN L] &
d A gtk Aze ¥§E THFTEL AUdA A Ho AFAE osle] FyE T Uri(1-4).

2 FPA, AA @ DHA & AT £ g7 & Aodow A A9 7ppE G409 uAe 712 ¥E-Eo]4de
FE olE IEEIIANE 24EE A slejor k. wEhx] YA o)A (positional specificity), o}dA| Q1 5o A
AEA7F AT e 22 EXIA LA A FlEo] 917 (acyl chain specificity), F-8 ZgAglol= Ea]S0]4, 20X
Bol, B3 FREIFHAWAL gEE FAEaEE A 2 g AgdE B Sol4do g FEIAN], 5). YA 504
gt} FAE = B1r] 72 Bur|e £8 1 23 S Jehle H3AZE  Rhizopus  Javanicus  lipase(6),

Y 7]

FA71Be wakd 10 WA 30%e] TEEZSAINS ¥ Rhizopus niveus lipase(7) 2 Aspergillus niger lipase(1) o)

: Qe olgd 7 AAg T4 O]'J— de 2YAE gAY
17} 39] 9ot 2—}“9“01'01 teEANkbEg dovl= 13-4
A Eo14ES Yehliz Pé]?‘ﬂ?l Eoldg vehie €
A ZE Mucor miehei 11pase(8), Candida cylindracea lipase
2 Rhizopus arrhizus lipase(9) S0] 9Jom, o] A A
AL FAsE AR gag, o|FEAYH Fol uwEkM u
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Figure 1. The moles of saturated fatty acids in the glycerides vs.
hydrolysis time. OO: C14:0, @: C16:0, A: C18:0.
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Figure 3. The moles of C18 fatty acids in the glycerides vs. hydrolysis
time. O: Cl18:1(n-7), @: C18:1(n9), &: CI8:3, A:Cl184.
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Figure 2. The moles of mono-unsaturated fatty acids in the glycerides
vs. hydrolysis time. O: C16:1, @: C20:1, 4&: C22:1.
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Figure 4. The moles of polyunsaturated fatty acids in the glycerides
vs. hydrolysis time. O: C20:4, @: C20:5, ~: C2I:5, A: C22:5, [
C22:6.

Table 1. The mathematical models between the number of mole and
hydrolysis time, and the average errors of the calculated values of the
model on the basis of the measured values

Fatty acid Function of mole and time Average error (%)

C14:0 S =-0.2550 Ln(t) + 1.6547 2.482
C16:0 S =-0.4481 Ln(t) + 3.0699 3.375
C18:0 S =-0.1057 Ln(t) + 0.6942 2714
Clé6:1 S =-0.1863 Ln(t) + 1.5394 1.932
C18:1 (n-7) S =-0.0777 La(t) + 0.5493 1.508
C18:1 (n-9) S =-0.1910 Ln(t) + 1.5581 1.257
C20:1 S =-0.0981 Ln(t) + 0.7608 5.159
C22:1 S =-0.0630 Ln(1) + 0.6427 2.006
C18:3 S =-0.0256 Ln(t) + 0.2393 2.218
C18:4 S =-0.1651 Ln(t) + 1.2690 3.980
C20:4 S =-0.0535 Ln(t) + 0.3594 4.223
C20:5 S =-0.9801 Ln(t) + 6.9499 4932
C21:5 S =-0.0235 Ln(t) + 0.2602 2.188
C22:5 S =-0.0667 Ln(t) + 0.7420 2.307
C22:6 S =-0.3165 Ln(t) + 4.7266 1.326

S;=—ea,In(d+8; 2
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Table 2. The equations of hydrolysis rate of 15 fatty acids included in
the fish oil

Fatty acid Equation of hydrolysis rate
Cl4:0 b = 000038761 «75%
C16:0 v = 000047430 T
C18:0 v = 000014852 <7
Cle:1 U = 0.00004804 ¢ 7T
C18:1 (n-7) v = 0.00006610 ¢ 7%
C18:1 (-9 v = 0.00005473 ¢
€20:1 v = 0.00004203 ¢ 7%
€22:1 0 = 0.00000234 o 7
C18:3 v = 0.00000223 ¢~ 7%
C18:4 v = 0.00007580 & 71
C20:4 v = 0.00006469 ¢~ 7O
€20:5 v = 000081599 ¢~ %%
C215 b = 0.00000037 ¢ 707
C22:5 v = 0.00000098 ¢ T
€226 v = 0.00000010 o T
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Figure 5. Hydrolysis yields of saturated fatty acid. OO: C14:0, @: Cl16:0,

o C18:0.
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Figure 6. Hydrolysis yields of fatty acids with one double bond. (:
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Figure 7. Hydrolysis yields of C18 fatty acids with different double
bonds. O: Ci8:1(n-7), @: CI8:1(n-9), A: CI8:3, A: CI8:4.
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Figure 8. Hydrolysis yields of polyunsaturated fatty acids having equal
to or more than 20 carbons. O: C20:4, @: C20:5, ~: C21:5, A:
C22:5, [}: C22:6.
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