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E 
a,::: A 

f.l 
mI 
W}I 
PCA 
ACC·~o 

Nomenclature and Abbreviations 

represents a fatty acid with a chain length of 22 carbon atoms with six double bonds 
Gas liquid chromatography 
High performance liquid chromatograph:­
Thin layer chromatography 
Phospholipid 
Lecithin. Phosphatidylcholine 
Phosphaticlylserine 
Phosphaticlylethanolamine 
Xon phospholipid 
Diglyceride 
Sterol 
Free fatty "ciel 
Triglyceride 
}Iolecuhlr species 
Relative retention time 
Total acyl carbon number 
X umber of total double bonds 
Partition number 
Equi"alent carbon number 
Effectiye carbon number 
Acyl group 
Glycerol residue 
a belongs to A 
Chemical potential 
Dark muscle 
Whit€ muscle 
Principal component analysis 
Accumulative yalue of the contribution. 

General Introduction 

Analytical techniques or instruments han been deyeloped for fatty acid 
analysis. Resultingly, much knowledge has been achieyed on the study of fatty 
acid analysis. 

In contrast to this, the study of molecular species, namely, the study of the 
intact or unmodified lipid is still away behind of deyelopment. This might be due 
to the limited and time consuming connntional techniques represented by silnr 
nitrate impregnated thin layer chromatography (Ag+-TLC) followed by gas liquid 
chromatographic analysis (OLC) (such examples are too numerous to mention). 
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1985j TAKAHASHI: Identification of Lipid :lIolecular Species 

Generally speaking, Ag+-TLC can separate only up to heptaene. And GLC can 
analyze quantitati,-ely only up to 700-800 molecular weight. If the sample 
contains highly unsaturated fatty acids such as 20 : -1, 20 : 5 or 22 : 6, the degree of 
unsaturation will drastically increase and exceeds the analytical limit of the 
Ag+-TLC. 

Fats and oils from marine sources are rich in highly unsaturated fatty acids. 
Accordingly, it is almost impossible tD analyze the molecular species from these 
sources by the conyentional method)). 

High performance liquid chromatograph has become the most expected instru­
ment in separating the nonyolatile or high molecular weight compound. Since 
there are significant amount of triglycerides in marine lipid that exceed the 
molecular iwight of 800 which is the limit of GLC, the utilization of high perfor­
mance liquid chromatography (HPLC) is expected to separate the molecular species 
of lipids from these sources. The reyersed-phase type HPLC2-4) is becoming the 
main analytical type in separating the most analogous compounds5). The earlier 
workers in this field tried tn characterize the chromatographic rules such as parition 
number (P:0i)6.7) or effecti'-e carbon number (EC )8) which are defined as PK = C~-2 X 

DB and EC = C:0i-DB, respecti,-ely, in the elution of triglyceride or lecithin molecu­
lar species. C:0i is the total acyl carbon number and DB is the total double bonds 
in the molecule. This empirical equations were useful in predicting the approxi­
mate retention ,-alue (in practical cases, retention time or retention ,-olume) though 
these equations lacked the theoretical background. In the same year, Plattner et 
al. 9

,10) has proposed equiyalent carbon number (ECN) iYhich is the same concept 
iyith PK. And recently, in accordance with the impro,-ement of separation on 
HPLC, theoretical carbon number (TCN) has been proposed by Perkins et al.ll) In 
1982, the generalized form of ECK (or PN) and EC has been presented by Comptnn 
et alY) that can be written as Iu =Is-C.Db, where Is is the carbon number of the 
standard alkane, Db is the total double bonds in the molecule and Iu is the index 
obserwd for unsaturated triglyceride and phospholipid molecular species by the 
coefficient of C. 

In this stud~-. the formulae that control the sequence of elution of lipid 
molecular species on rewrsed-phase HPLC are proposed. The theoretical aspect of 
the presented formulae has been discussed in relation tn ECN (or P~). And it is 
demonstrated that the formulae proposed in this study might be im-ariant rules. 

Lecithin (phosphatidylcholine) were analyzed by HPLC from yarious sources 
including those from fish muscle. Though there are some reports concerning the 
phospholipid molecular species analysis done by HPLC from land sources13 - 20 ), the 
study done by the author might be the only example that haw iyorked on the phos­
pholipid molecular species analysis on HPLC from fish lipid except the conyentional 
way of analysis based on the probability simulation done by Oshima et al. 21 -

25
) 

In chapter I. it is demonstrated that the modification of lecithin into diglyceride 
acetate yia diglyceride is necessary for the rewrsed-phase type HPLC analysis in 
order to haw a sufficient separation between the critical pairs that haw the same 
ECN. PK or EC. And a new matrix model is proposed instead of the EC:N, PN or 
EC concept. 

In chapter II. the proposed matrix model that exhibits the chromatographic 
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rules of diacyl type molecular species is de,'eloped into the rules for triacyl type 
molecular species such as triglycerides. And the physicochemical background, as 
well as the theoretical relationship between the ECN (or PN) and the new matrix 
modeL is demonstrated. 

In chapter III, the lipid molecular species identification software is designated 
for the personal computer. The accumulated data were fully utilized for the actual 
identification since the equation that regulates the sequence of molecular species 
ineyitably contains errors due to the deyiation of relatiye retention time (RRT) on 
HPLC. 

In chapter IV, characteristics of several kinds of fish including cartilaginous 
fish, as well as fresh water fish, are discussed from the "iew point of muscle lecithin. 

In the final chapter, summary and conclusion of this work is described with a 
few supplemental discussion. 

CHAPTER I 
Identification of Lecithin :Molecular Species on 

Reversed-Phase High Performance Liquid 
Chromatography 

A Ne,Y Concept that Helps the Molecular 
Species Determination 

A satisfactory separation of lecithin molecular species from natural sources 
including those from marine sources was made by modifying the lecithin into 
diglyceride acetate for HPLC analysis. 

In this chapter, the necessity of modification of lecithin into diglyceride acetate 
through the hydrolysis by phospholipase C and the subsequent acetylation by acetic 
anhydride are discussed. And also the discovery of a new empirical equation 
instead of the traditional ECN or PN for the identification of molecular species of 
lecithin is discussed. 

Species 

Chum salmon (Summer)* 
Oncorhynchus keta 

Chum salmon (Fall)* 
Oncorhynchus keta 

Big-eyed tuna 
Paratlwnnus obesus 

Alaska pollack 
Theraqra chalcogramma 

Carp 
Cyprimls carpio 

Table I-I. Fish examined 

~1ean body length I 
and weight I 

65 cm. 3.5 kg, (1)** I 

73 cm, 4.5 kg, (1) 

110 em, 20 kg, (1) 

44 em, 610 g, (10) 

23 em, 175 g, (5) 

Locality of catch 

The offing of Akkeshi, 
Hokkaido 

The Moheji River, 
Hokkaido 

Purchased from the 
Market. 

The Uehiura Bay. 
Hokkaido .. 

Cultured 

* :)1ale. ** ~os. of indiyidual used. 
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I Date of catch 

June 1980 
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Dec. 1981 

Sep. 1980 
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Section 1. Experimental 

Preparation of Lecithin 

Total lipids were obtained from the fish muscle tabulated in Table I-I, accord­
ing to the method of Bligh &: Dyer. Soybean lecithin \yas purchased from \Yako 
Pure Chemical Industries, Ltd., Osaka, and egg yolk lecithin was kindly supplied by 
Asahi Chemical Industry Ltd .. Tokyo. These total lipid and crude lecithin were 
subjected to a column chromatography which has been successfully done by Lands 
et al. 261 , namely, aliquot amount of total lipid was dissoh-ed into double yolume of 
diethyl ether/ethanol (9: 1, y/,-) and then applied to the silica gel column. And 
elutions were done through diethyl ether/ethanol (9: L Y/Y), diethyl ether/ethanol 
(1: 1, v/,-), ethanol/methanol (9: 1, ,-/v) and finally by 100% methanol. The 
100% methanol fraction ,,-as collected with a fraction collecter, monitored by TLC, 
and lecithin of more than 95% purity ,yas collected. 

Pu rification of Diglyceride Acetate from Lecithin 

Pure lecithin was hydrolyzed ,,-ith phospholipase C (Clostridiam peijringence, 
P-L Biochemical Inc., Milwaukii), according to the method of Renkonen271 • It was 
done in the following manner. First, 50 to 100 mg of lecithin was dissolyed into 10 
to 15 ml of diethyl ether. Then, 10 to 15 ml of 1 molar Tris buffer (pH 7.3) 
including calcium chloride with 5 mg of phospholipase C was added to the ether 
solution. The head space gas of the container was filled \yith nitrogen gas and the 
hydrolysis of lecithin was continued for four hours under room temperature. The 
hydrolysate was washed sewral times with water and diglyceride was purified by a 
preparati,-e TLC from this hydrolysate. The dewloping soh-ent 'was n-hexane/ 
diethyl ether (1: L y,-). 

Acetylation was performed by adding an appropriate amount of acetic anhy­
elI'ide to the solution of diglyceride in pyridine, and by standing it for 12 hours at 
room temperature2SI

. The resulting diglyceride acetates were purified by the 
method of preparatiw TLC by using the solwnt n-hevane/diethyl ether (75: 25, y! 
,-). Finally, they were filtered through a 0,45 J-l type FP-J5 Fluoropore filter 
(Sumitomo Electric Industry, Ltd., Osaka) and subjected to HPLC. 

HPLC Fractionation of the JIolecular Species of Diglyceride Acetate DeriL'ed from 
Lecithin 

The diglycericle acetates were fractionated into major molecular species on t\yin 
8 X 250 mm LiChrosorb RP-18 (Merck West Germany) columns 'which were con­
nected in tandem. A Hitachi Liquid Chromatograph Model 638-50 (Hitachi Ltd., 
Tokyo) equipped \yith a Shodex RI detector Model SE-ll (Showa Denko Ltd., 
Tokyo) was used. The eluting soh'ent used was isopropanol/acetone/methanol 
acetonitrile (1 : 1 : 3 : J. Yh). Diglyceride acetates were dissolwd into fiye ,'olumes 
of tetrahydrofuran, and 25 J-ll of these solutions were applied to the column under 
room temperature (1o\\-er the better) and at a flow rate of 1.5 ml/min. 
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Identification oj Jlolecular .species oj Each Peak on HPLC 

Peaks on HPLC chromatograms 'were numbered in sequence of elution. The 
fatty acid composition of each collected predominant peak was analyzed by gas 
chromatography. The analytical conditions for fatty acids were as follows: 

Gas chromatograph: Hitachi 063, Column: Unisole 3000 (Gasukuro K6gy6 
Ltd., Tokyo), Glass column 0.2 X 200 cm, Column temp.: 220'C, Detector: FID, 
Detector temp.: 250'C, Injection temp.: 280'C, Carrier gas: N2 , Flow rate: 20 mIl 
mm. 

Methyl esters of fatty acids \yere prepared according to the method of Christo­
pher and Glass described by Preyot and l\IordreF9). An aliquot amount (less than 
20 mg) of lipid \yas dissoh-ed in 1 ml n-hexane and 0.2 ml of methanolic 2N-N aOH 
solution was added. After shaking this mixture, it was stand for 20 seconds under 
50'C and then 0.2 ml of methanolic 2N-HCl solution was added. The n-hexane 
layer \yas collected and then concentrated. :Methyl esters prepared as described 
aboYe were subjected to a GLC. 

The small peaks ,,-hich haye critical pairs were first subjected to Ag+-TLC. 
The developing soh-ent used was benzene/diethyl ether (4: 1, y Iv)30). The band 
obtained by Ag+-TLC were then eluted with diethyl ether containing dotriacontane 
which was used as an internal standard, and then applied to fatty acid analysis and 
total acyl carbon number analysis. The analytical conditions for total acyl carbon 
number analysis ,,-ere as follows: 

Gas chromatograph: Hitachi 063, Column: OV-I0l (Gasukuro K6gy6 Ltd., 
Tokyo), Steel column 0.:3x50cm, Column temp.: 300-330'C, programed as I'C/ 
min, Detector: FID, Detector temp.: 340'C, Injection temp.: :345'C, Carrier gas: 
Nz, Flow rate: 60 ml/min. 

Hydrolysis oj Diglyceride Acetate Deri~'ed Jrom Lecithin by Pancreatic Lipase 

Fraction of the molecular species of 16 : 0 in position 1 and 22: 6 in position 2, 
that is, (16: 0) (22: 6) \yas collected by HPLC. This lipid (less than 5 mg) was then 
suspended by shaking vigorously in a mixture of 1 molar Tris-HCl buffer, pH 8 (1 
ml), 2.2% calcium chloride (0,1 ml), and 0.05% sodium taurochorate (0.25 ml) at 
40'C for 1 min. Then, 40 mg of pancreatic lipase (Calbiochem, San Diego, Calif, 
92112) was added to the mixture and the reaction was processed for 4 min at 40'C 
by shaking it Yigorously. The reaction was stopped by adding 1 ml of ethanol and 
1 ml of 6X-HCl. The hydrolysate was extracted with diethyl ether and purified by 
using a preparati\'e TLC with n-hexane/diethyl ether/formic acid (40: 10: 1, y/y) 
as denloping solYent. These procedures were the modified form of the experiment 
done by Kosugi et al31l. 

Section 2. Results 

Figure I-I shows the comparison of separation on HPLC by the differences in 
the molecular form of the molecular species which has the same acyl combination. 
Examples here are of soybean lecithin: 
A: In tact lecithin, 

Denloping solnnt: methanoU\yater (95: 5, \' /\') 
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\ 
\ ;\ 
\j \----

A 
ff L2-DG derived from PC 

methanoll:,ater (95:5, I'll') methanol 100 
Linear Gradient 90 min 

1,2-DG acetate deri veo from PC 
ncthanolhlater (97:3, I'll') methanol 100 

Linear Gradient 60 min 

D 
L2-DG acetate oeri veo from PC 

isopropanol/acetone/methanol/acetonitrile 
U:1:3:4, 1'/1'), !socratic 

A,B,C: DvLV 
D, b)':U 

Fig, I-I. Comparison of separation on HPLC by the defferences in the molecular species 
form, 

methanol 100. gradient l"i,T detectDl'. 
B: L 2-Diglyceride i.e. the hydrolysate of lecithin. 

De,-eloping solYent: methanol/water (95: 5, v,h-) 
methanol 100. gradient, UY' detectDr. 

C: L 2-Diglyceride acetate derived from lecithin, 
Developing solvent: methanol/water (97: 3, v Iv) 

methanol 100, gradient, UyT detectDr. 
D: L 2-Diglyceride acetate derived from lecithin, 

DeYeloping soh-ent: isopropanol/acetone/methanol/ 
acetonitrile (1: 1: 3: ±, v/v), RI detector, 

As it is clear from this figure, the acetate form is the best in separation on 
HPLC followed by diglyceride. The intact lecithin is the worst among these three. 
It is considered that the '-ery high polarity of phosphorylchorine group interferes 
with the intk~ractions between the acyl groups and the stationary phase of HPLC. 
Although the polarity of hydroxy group is not so high as those of phosphorylcholine, 
this group also interferes with the int€ractions between the acyl groups and the 
stationary phase, resulting on the poor separation on HPLC as shown in chromato­
grams A and B. The combination of four soh-ents are better than that of two 
solvents for the elution of diglyceride acetate as shown in chromatograms C and D. 
For the diglyceride acetate analysis, this isocratic condition was used throughout the 
experiment. 

Figure 1-2 shows the Ag+-TLC chromatograms of the collected fractions on 
HPLC. It is numbered in sequence of elution. This is an example of diglyceride 
acetate from soybean lecithin. As seen in this chromatogram, this type of column 
packing i.e. the reYersed phase column elutes the polyunsaturat€d types first foll­
owed by tri, di, mono and finally saturat€d types, This is the basic characteristics 
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I I , I 
! I 
; J 

~ 

l I eJ , I 

i." I 

! i , i I' 
j ! !I ' : ! 
i 1&'\ A II i i Ii' \II I 

! ~ 1 I 
I ' I I II It; I I I ! !! 

§ l , : ~ i :. 
i ' ! , 
, 

, 
7 ! 9 : 10 i. 11 12 13 

Sequence of elution on HPLC ~ 

F: Number of double bonds. 

F 2-4 

Developing solvent : benzene/diethyl ether (4:1, v/v) 

·XXXIL 2 

Fig. 1·2. Ag-·TLC of diglyceride acetate deri\'ed from soybean lecithin separated by 
HPLC. 

of this type of column. 
Figures 1-3-5 shm\' chromatograms of diglyceride acetates deriyed from seyeral 

kinds of lecithin sources on HPLC. Chromatography 'was regularly completed in 
about two hours. The acyl combination of each predominant peak collected was 
easily determined by fatty acid analysis, as sho,Y!1 in Table 1-2. This table shows 
the results on big-eyed tuna lecithin as an example. Peak number 7 in Fig. 1-5E is 
obyiously ascribed to the diglyceride acetate composed of 16: 0 and 22: 6. It is 
considered that 22 : 6 is bound in position 2 of the molecule since this peak is the 
most predominant, and it is said that highly unsaturated fatty acids such as 20: 5 
or 22: 6 are usually dominantly bound in position 21.32-36). In addition, after 
pancreatic lipase hydrolysis, only a trace amount of 22 : 6 was detected in the free 
fatty acid fraction (this fraction represents the fatty acid in position 1), although 
more than 70% of the lipid ,\'as hydrolized (determined by a densitometric method). 
Peak number 6 has the same combination as that in peak number 7, whereas (18: 1) 
(20 : 5) is considered as contaminants of peak number 5. N eyertheless in this case, 
22: 6 is considered to be bound in position 1 in the molecule, Peak number 5 has 
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A 

:\ 

B 

I 1\ 

Fig. 1-3. HPLC chromatograms of soybean and egg yolk lecithin . 
.-\.: Soybean B: Egg yolk 

c 

II I 
,I --......., -...........' 

" L 
\" I 
I 0 

-
I: :101ecular species composed of highly unsaturated fatty acids 

such as (20:5)(20:5), (20:5)(22:6) and (22:6)(22:6). 

III: !-!olecular species composed of generally round fatty acids 
such as 16:0 or 18:1 with combinations of 20:5 or 22:6, 
that is, (16:0)(20:5), (16:0)(22:6), (18:1)(20:5) and (18:1)(22:6). 

II IV: Others. 

Fig.I--1. HPLC chromatograms of chum salmon muscle lecithin. 
C: Captured in summer D: Captured in fall 
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Fig. 1-5. HPLC chromatograms of big-eyed tuna. Alaska pollack and carp 
muscle lecithin. 
E: Big-eyed tuna F: Alaska pollack G: Carp 

Table 1-2. Determination of molecular species of major 
component' 

~! !~I 
15: 0 

16: 0 

Ii: 0 

18: 1 

20: -1 

20: 5 

22: -1 

22: 6 

~Iolecular species 

5 

25.6 

25.9 

23.3 

25.1 

118: 11 
120: 5! 

(I i~ : ~ I) 

6 

-18.-1 

-1.1 

3.7 

-13.8 

I i~ ~ ~ 1 

, Example of big-eyed tuna in Fig. I-5E. 
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trace 

53.8 

trace 

trace 

trace 

trace 

trace 

-16.2 

1

16: 0 1 
22: 6 
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an almost even amount of fatty acids of 16 : 0, 18: L 20: 5 and 22 : 6. Among these 
fatty acids, 16: 0 as well as 22 : 6 are regarded as contaminants from peak number 
6, considering that peak number 6 is larger than peak number 5. It is concluded 
that peak number 5 is the combination of 18 : 1 and 20 : 5. Molecular species from 
other biological sources were also determined in the same manner. The small peaks 
which han critical pairs were first subjected to Ag+ -TLC and separated according 
to their degree of unsaturation. In most of the small peaks in the first half of the 
HPLC chromatograms of fish lecithin, only one band appeared on Ag+ -TLC plate. 
The complex combinations of molecular species were identified in the follOlying 
manner. An example of determination of molecular species in the small peaks ,,-ith 
critical pairs appeared in the first half of the HPLC chromatogram of chum salmon 
(captured in fall) is shown in Table I-:3 (also see Fig. I-±D). Small peak number 1 
is obyiously a combination of 20: 5 and 16: 1. Small peak number 2 is also a 
combination of 20: 5 and 16: 1 w'ith 10% unidentified contaminants. The 
differences in retention time on HPLC between these two peaks is attributed to the 
differences in binding position of the fatty acid. It is considered that small peak 
number 1 has 20: 5 in position 1, whereas small peak number 2 has it in position 2 
in the molecule, since molecular species which ha\-e a highly unsaturated fatty acid 
in position 2 are likely to elute later than the one which has the same fatty acid in 
position 1. Small peak number 3 is a combination of 20 : 5 in position 1 and 1± : 0 
in position 2, and also 16: 1 in position 1 and 20: 5 in position 2 since this peak is 
composed of two combinations of total acyl carbon numbers of 3± and 36, respectin­
ly. Howe\-er. the lattBr molecular species, i.e. (16: 1) (20: 5), are considered to be 
contaminants from the previous peak. From the fatty acid composition and total 
acyl carbon number, three molecular species are presentBd in small peak number ±, 
i.e. combination of H : 0 in position 1 and 20 : 5 in position 2 for 63.3%: combina­
tion of 16 : 1 in position 1 and 20 : 5 in position 2 for 5.7%: and combination of 22 : 
6 in position 1 and 16: 1 in position 2 for 31.0%. Among these molecular species, 
(16: 1) (20: 5) can be considered as contaminant from the hro previous peaks. In 
small peak number 5, three molecular species, i.e. H: 0 in position 1 and 20 : 5 in 
position 2: 22: 6 in position 1 and 1± : 0 in position 2; and 16: 1 in position 1 and 
22 : 6 in position 2 is identified in the same manner as that in small peak number ±. 
In this case. molecular species of (1±: 0) (20: 5) is considered to be a contaminant 
from the pre\-ious peak. In the case of small peak number 6, molecular species of 
l± : 0 in position 1 and 20 : 5 in position 2 are considered to be the contaminants from 
the previous peak. By analyzing the data in this \yay, molecular species of all other 
small peaks \\-ere identified. 

The relati\-e retention times (RRTs) of all peaks were determined by dividing 
the retention time of each peak by the retention time of (16: 0) (22: 6). In the case 
of soybean lecithin, (16: 0) (18: 2) was used as a reference peak and the RRT \yere 
recalculated against (16: 0) (22 : 6) by using the RRT data in egg yolk lecithin. 
The RRT of each molecular species is summerized in Tables I-± - 7. 
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Table 1--1. Relation between relative retention time 
on HPLC and molecular species of soybean 
lecithin. 

PX M8 Rt RRT' 

26 1
18 : 21 

.18: 31 
27.6 70A 

28 1
18

: 21 18: 2 
37.6 95.8 

" 118 : 11 
118: 3 

:39.2 99.9 

" 
116:01 
118: 3 

-12.0 107.1 

30 1
18

: 11 18: 2 
5U 131.0 

" 
'16:01 
118: 2 

55.2 1-10.7 

" 1
18

: 0 I 18: 3 
60.0 1.52.9 

:31 1
17

: 0 I 18: 2 
62.8 160.1 

32 1
18

: 11 18: 1 
73.8 188.1 

120: I' 
" 118: 21 " " 

" 
! 16: 0 I 
118: 1 

79.6 202.9 

'I 118 : 0 I 
! 18: 2 

II " 

" 1
16

: 0 I 16: 0 
83.6 213.0 

3-1 118: 0 I 
18: 1 I 113.2 288.6 

'18' .) ! 
1/ 

120: 0 1 " II 

Abbreviations: 
PX Partition number 
)18 )lolecular species 
RRT Relatiw retention time 
Rt Retention time 

116: 0 I . I I f I • I 22 : 6 IS usee as t Ie re erence pea ,. 
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Table 1-5. Relation between relatiye retention time 
on HPLC ane! molecular species of egg yolk 
lecithin 

P:-;-

28 

:26 

:28 

" 

30 

:28 

:31 

30 

" 

:us 

I i~: ~ I 
118: :21 
118: :2 , 

'11-1 : 0 I 
1 18 ::2 I 
1
16 : 0 

1:2:2: 6 

1

16 : Oi 
18: 3 i 

1
18: 1 I 
:20: -! 

1

16: 0 I 

:20: -! 

1

16: 0 1 

:2:2: -!, 

1

16: 1 I 
18: 1 I 

1
18: 11 
18: :2 

1

16: 0 I 

18: :2 

I ~~: ~ I 
1
15:01 
18: 1 

I
, 16: 0 I 
17: 1 

'1

17 : 0 I 
I 18: :2 I 

, 18: 0 I 
1:20: -! I 

1
18: 1 I 
18: 1 

1

18: 0 I 

:2:2: -! 

Abbreyiations: 
P::;- Partition number 
}IS }Iolecular species 

Rt 

-!l.2 

'I 

-!7.0 

50.-± 

5U 

55.6 

:39.:2 

7:2.-± 

II 

79.0 

8:3.6 

1:21.8 

RRT Relati\'e retention time 
Rt Retention time 

• i 16: 0 i· e! 1 f I I :2:2 : 61 IS use as t le re erence pea;:. 
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RRT' 

100.0 

" 
1l-!.1 

1:2:2.2 

13:2.0 

13-!.9 

1-13.7 

17:3.7 

191. 7 

20:2.9 

295.1 
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Table I-!i. Rd!LLioll IwLw(,PIl ndaLivn rdp!l(,ioll Lillw 011 II PLC alld Ilmill Illole(;ular slleeies of fish Illusele leeit,hill 
;,; 
fYJ 

Chulll salmoll Chulll salIlloll c." 

(~ullllller) (("all) Big-eyed tUlia Alaslm pollaek Carp 
,------_ .. ---~-----.---~.-- .--~-- .. _-- ~.--------.--.----~ .. ---.. -

lVlR PNjlutT* lVlR PNjRlt'I'* lVl~ PNjlutT* M:-l PNjRRT* lVl:-; I'NjlW,T* 
--_. 

1
20

: fl I 
20 12(): fl I :W 

1
20

: fl I 
20 

1
20

: fl I 
20 

1
20

: 51 
20 

2(): 5 :17.:1 2(): fl :17.fl 22: G ·11.2 20: fl :n2 22: G ,12.fl 

12(): fl I 
20 

1
20

: fl I 
20 

1
22

: G I 
20 

1
20

: fl I 
20 

1
22

: G I 
20 >-l 

22: (j ·10.7 22: (i ·I(H 22: G ·'·Ui 22: G 40.'1 22: G ·l(j.2 :v 
" :v 

1
22

: G I 
20 122:!i I 20 

1
20

: "I 
22 

1
22

: G I 
20 IHi: I I 2,' ill 

:.-
22: !i ·1·1.2 22: (j ·1·1.1 22: Ii flfl.2 22: G ,1·1.:1 20: fl G2.fl In 

:::: 

II.!: 0 I 2·1 IIH: II 
2(i 

1
22

: fl I 
22 IIH: II 2G IIH: 21 

2,1 
22: !i !iH,7 20: fl S7.0 20: fl flfl.2 20: fl HG.7 20: fl li2.fl 0:: 

11> 

I Hi: 0 I 2!i 
1
20

: fl I 
2!i I'N' 'J I 

22 
1
20

: fl I 
2G IIG: II 2,' ~ .;.J ..... 

2(): fl U2.2 IG: () H!J.fl 22: !i GO.fl ](i : 0 Sf).H 22: () !i7.7 
::;; 
'" 

IIH: II 
2(i 

IIG: 0 I 
2(; 

lIS: II 
2(i 

1
22

: G I 
2G 

1
18

: 21 
2·1 

::; 
,'-' o· 
UI 22: (i !)2.2 20: fl HU) 22: Ii U:l.fl IH: I HH.S 22: (; (;7,7 ::: 
CO 0 

1
22

: G I 
2G I'H: II :W I Hi:OI 

2(i 
IIG: 0 I 2G 11'1: 0 I 2,1 

..., 
r 

Hi:O H7.1 22: (i H I.H 20: fl U:l.fl 20: fl ll2.0 22: Ii G7.7 '8: 
0.-

I Ui : 0 I 2G 
1
22

: G I 
2(i 

1
22

: Ii I 
2G IIH: I I 2G 

1
18

: II 
2G ' ..... 

22: (j 100.0 Hi:O !)(i.7 l(i:() !Hi.H 22: !i H2.0 20: fl SR.;) 0' 
CD 

IG: 0 I 2G IHi : () I 26 
1
22

: (j I 
2G I Hi: 0 I 2G '" e... 

22: G !OO.O 22: !i WO.O Hi: 0 H7.1 20: fl U::I.7 f; 
l/J 

IIG: 0 I 28 I J(j : 0 I 2!i IIH: II 2G 't:> 
11> 

')'i . 'J I::I·UJ 22: Ii WO.O 22: G U:l.7 '" ....... , ~ . 

Hi: 0 I ::12 111i: 01 2!i 
IH: [ 21G.1i 22: G 100.0 

[·1: 0 I :12 I }(i:() I 2H 
20: I 2IG.G 20: ·1 12·1.0 

.~I __ ._._-

Abbn'vi>lLiolls: 
PN: Partitioll !lumber. MI::;: Mo(ecular speeies. ltltT: Jtp\aLivp rpt.P!lt.ioll t.illH'. 

, I ~~ : i: I is used as the referellen peak. 



Tldll(\ 1-7. Relatioll I)(,t\\"p.ell rdaLive rptpnt.ioll time 011 II PLC amI the appreciable amoullt molecular ~peei('~ of fi~h mu~e1(\ 

leeithill 
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Big-eyed tUlla Alaska pollm:k 

(NUIllIl!!'!') I ll") II \ 

------_ ... --
MN PN/IWT* MN PN/RRT* MN PN/RRT* MIS PN/RRT* MIS PN/RRT* 

12() :11 22 IIH : :3 I 22 
1
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: Ii I 

2,1 
IIG: II 

2,1 
1

18
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1 

I 
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22: Ii ii2.H 20: ii ,18.7 22: (i 71.1 20: ii (H.2 22: G ii,l.ii '" " 
IIG: II 

2,1 
1

20
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0 ::q 
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1
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2,1 

IIG: II 2G 
1

18
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IIG: I I 2G 0 

i'7' 
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'" 
J(i: I I 2,1 

IIG: II 
2,1 
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2,1 
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I J.l : 0 I 

24 
1

18
: 21 

2G 0 
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I
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1
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1
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1
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1
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1
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1
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Section 3. Discussion 

'Ve haye plotted the RRT of each molecular species semilogarithmically against 
the partition number (PN) defined as PN = ON - 2 X DB where ON is the total acyl 
carbon number and DB is the total double bonds since PN is proportional tD the 
logarithm of RRT3i). A general expression for this can be written as : 

PN 0:: log (RRT) (1) 
After plotting the RRT of each molecular species semilogarithmically, a similar 

correlation \yas obtained, that is: 
PNcdog (RRT)+LlQ (2) 

(2) is similar to (1), and if we formulate (2) into an equation: 
PN =P .10g(RRT)+LlQ (3) 

where P becomes the slope of the oblique line, and .::JQ becomes the intersection on 
the ordinate. This equation (3) suggests that PN is not only a function of RRT 
alone, but also a function including flQ. 

Back tD the definition of the PN, that is, PN = ON -2 X DB, the left member 
in (3) can be changed as: 

ON -2 X DB= P • 10g(RRT)+.dQ (4) 
So, RRT can be expressed as follows: 

RRT = lOc.y-z.:B-JQ (5) 

If we put flQl as Ql + a, equation (5) may be written as : 

RRT = (QJ is a minimum of LlQ) (6) 

where P and Q are inyariables and a is a yariable range of Ql' By letting ON and 
DB be im-ariables, RRT becomes a function of a which is : 

RRT=!(a) (7) 

Back to equation (±), by putting LlQ as Ql + a, the following equation can be 
obtained: 

ON -2xDB=P .10g(RRT)+Ql+a (±') 

If we let DB be im-ariable and rearrange the expression for UN, (±') will 
become: 

(8) 
On the other hand, if \ye let ON be inyariable and rearrange the expression for 

DB, (±') will become: 

P a 1 ) DB=- 2 10g(RRT)- 2 +Q3 (Q3=- (QJ-ON) (9) 

These two functions, i.e. (8) and (9) ha\-e a deyiation which are a for the former 
and - a/2 for the latter. Alfa is considered tD be a factm that has a small but 
significant effect on RRT, and it may be due tD the positional isomers such as 
between 1 and 2 positions in the molecule, or by the large differences in number of 
double bonds between the two acyl group in the molecule. This leads us to the 
model of a matrix since it is conyenient to distinguish the positional isomers or the 
bias in the number of double bonds between the two acyl groups in the molecule. 
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So in order to simplify the equation, we can induce the following equations from (8) 
and (9) respectiYely under the conditions of: 

a, 

.~ 

c 
0 

C 
a, 

~ 

a, 

700 
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200 
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70 

50 
40 
30 

20 

10 

.:: 500 
~ 400 
~ 300 

200 

100 

70 

50 
40 
30 

20 

10 

C"y'=I.r dd! 1 (ce, d! and de are im-ariables) 
C2 e 

DB' =1 c) Y I' (c1 , C2 and d2 are im-ariables) 
C2 de 

1 '11~ °01 °1 21" 0, I ,,11 31 :< 01 41 x 11 51 :< 01 6! ;.: 11 
u O. 18 1: .16 O. 118 21. ,18 11, 118 31, ,182. 

I x 01 1 x 01 1 x 01 I x 01 I" 1 I I vOl I y " 7,20 41, 8 22 4, 9 20 5, 10 22 5, 11; 20 41, 1222 6, 13 20 51, 
I x 11 I x '1 1 x 51 I x 51 14,22 51, 15,22 6, 16 204 1, 17 20 5, 

18! 2~ ~I 

30 32 34 36 38 40 42 
Total acyl carbon number 

44 

16 

17 

18 

2 3 4 5 6 7 8 9 10 11 12 13 II. 15 16 17 
Number of total double bonds 

Fig. I-6. Relation between relati"e retention time and total acyl carbon number and 
relation between relative retention time and total double bonds of lecitbin on 
HPLC. 
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CN'=PI .10g(RRT)+ql 
DB'=P2 .10g(RRT)+q2 

by analyzing the RRT data of each molecular species. 

:XXXII. :2 

(8') 
(9') 

Aft€r plotting the RRT of each molecular species from the source examined 
against the total acyl carbon number or the number of total double bonds of each 
molecular species, the RRT plots of molecular species laid almost on a straight line 
by gi,"ing a yariable integer :Y for the carbon number and a yariable integer y for the 
number of double bonds of each acyl group in the molecular species, 'when we 
express the molecular species in matrix form. The oblique line is almost parallel to 
each other as shown in Fig. 1-6 .. By applying these correlations between the RRT 
and the corresponding molecular species under the condition of matrix for the 
determination of molecular species, it is suggest€d that an unidentified molecular 
species can be predict€d from RRT on HPLC eyen if it has the most complicated 
composition 9f molecular species such as fish muscle lecithin. 

Another method for HPLC analysis of phospholipid molecular species was 
published by Patton et al. 19

) To our surprise, the sequence of each molecular 
species in elution on HPLC, when the RRTs are plotted against the total acyl 
carbon number from our biological material, are the same as common molecular 
species of rat liYer which was analyzed by Patton et al. 19 ) despit€ the fact that the 
analytical conditions are significantly different. This suggests that, although there 
are differences in retention time or in RRT among the different conditions on HPLC, 
the sequence in elution of each molecular species might be unchangeable. This 
leads us to a conclusion that in HPLC, the sequence in elution might be controlled 
by a fixed correlation, that is matrix relation *. By accepting this idea, we can 
expand this matrix model to triglycerides. Details ,yill be discussed in the next 
chapter. 

CHAPTER II 
A Novel Approach for the Identification of Triglyceride 

I\-Iolecular Species on Reversed-Phase High 
Perfomance Liquid Chromatography 

In chapt€r I, two rules in the elution of diglyceride acetate deriyed from lecithin 
on HPLC were discoyered, that is : 

CN = PI • log( RRT)+ QI CN=I~ dl I d2 
(1) 

DB=P2 .10g(RRT) Q2 DB=I~ rl (2) 

where P is the slope and Q is the intersection on the ordinate of the semilogarithmic 
plots of the RRTs of molecular species against CN or DB. c and d are acyl carbon 
number and number of double bonds in each acyl group, respectiyely. .l" and yare 
,"ariables of acyl carbon number and number of double bonds, respectiyely . 

• This matrix expression is for the ease of expressing the invariables and yariables in the acyl groups 
in the lipid molecule. It does not follow the mathematical operations. 

- 26~ 



1985J TAKAHASHI: Identification of Lipid )Iolecular Species 

The structure of diglyceride acetate is : 

rAcyl) 
I-AcyL (Acyl: esterified fatty acid) (3) 
Lco.eH3 

And the structure of triglyceride is : 
.Acyl) 
~Acy12 (4,) 
LAcy13 

The difference between (3) and (4,) is at position 3 in the molecule. But CO • CH3 

in (3) can also be considered as the shortest form of acyl group. 
So: 

,Acyl) IAc}:l) 
lAcy 12 
-Acy13 

I . -
:::::J rAcy12 (\\here 3 means "include") 

LCO· CH3 

therefore, (1) and (2) can be rewritten as: 

I 

J.: 
01V = C2 

2 
(I') 

(2') 

since (2,0) in position 3 exhibits the acyl (acetyl) group \yhich has two carbons and 
no double bond. So we can conclude that (1) and (2) are members of the general 

I 
:l' d) I I c) Y I rule for triglycerides under the condition of C2 d2 or C2 d2 • By adapting the 
2 0 2 0 

general expressions tD triglyceride, the follO"lying equations can finally be obtained. 

I 
J,' d) I 

ON = C2 d2 

C3 d3 

(5) 

I 
C1 Y I DB= C2 d2 

C3 d3 

DB=Pz .10g(RRT) (6) 

In this chapter, the theory that has proyed mathematically, is yerified by the 
actual experiment. 

SectiDn 1. Experimental 

Preparation of Triglyceride 

Linseed oil and oliye oil \yere purchased from Wako Pure Chemical Industries, 
Ltd .. Osaka. Rapeseed oil ,,-as obtained from a commercial source. Cacao butter 
'was supplied by Yunokawa Seiyaku Co. Ltd., Hakodate, Hokkaiclo, Japan. 
"Ogonori" (Gracilaria c'errucosa) was collected at the shore of Taisei-chiS, Hol~kaido, 
Japan. Total lipid ,,-as extracted from "Ogonori" using chloroform/methanol (1 : 2. 
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Y/Y) with the use of an ultra-turrax for comminution. 
Triglycerides from these oils ,-rere purified by a preparative TLC usmg n­

hexane/diethyl ether (± : 1, ,-/Y) as the developing soh-ent. 

HPLC Fractionation of Jioleuclar Species of Triglyceride 

The purified triglycerides were filtered through a 0.45 fl. type FP-±5 Fluoropore 
filter (Sumitomo Electric Industry, Ltd., Osaka) and subjected to HPLC. Separa­
tion of triglycerides by HPLC has been achieyed on LiChrosorb RP-18 (Merck, West 
Germany) twin 8 X 250 mm columns. These columns were connected in tandem. 
The instruments used consisted of a Hitachi 638-50 Liquid Chromatograph (Hitachi 
Ltd., Tokyo) equipped with a Shodex SE-ll RI detector (Shm-ra Denko Ltd., 
Tokyo). The eluting soh-ent used was acetone/acetonitrile (3: 1, Y/Y). Triglycer­
ides ,-rere dissolyed in chloroform at 5 fl.g/25 fl.l and applied to the column under 
room temperature (20-22'C). The flow rate was 1.5 ml/min. 

Identificat1'on of Jlolecular Species of Each Peak Oil HPLC 

Peaks on HPLC chromatograms were numbered in sequence of elution. The 
fatty acid composition and the total acyl carbon number of each collected predomi­
nant peak ,-ras analyzed by GLe as preyiously shown in chapter 1. 

Section 2. Results 

FigureII-1 shows chromatograms of triglycerides on HPLC. The acyl combi­
nation of each predominant peak collected ,-ras determined by fatty acid analysis 

LINSEED TG 

,,,,Iv''-../'-.../'-----r--
~ S:J 80 ::0 """'n 

OLIVE TG 

" ''-'~''-
ec ":C~'" 

I 

I I 
I .. ' ~' 

RAPESEED TG 

"OGONORI" TG 

., '"j.' min 

; CACAO BUTTER TG 
i II 

PAUl TG 

Fig. II-I. HPLC chromatograms of triglycerides from natural sources. 

-266-



1985~ TAKAHASHI: Identification of Lipid }Iolecular Species 

Table II-I. Determination of triglyceride molecular species' 

Fatty acid 

16: 0 

IS: 1 

IS: 2 

IS: 3 

Carbon number" 

52 

5-! 

}Iolecular species 

in relatiw % 

1 

9S.0< 

9SA'" 

i IS : 31 

118 : 3
1 

IS: 31 

2 

33A 

66.6 

9S.3*" 

118: 31 
118 : 3 i 
IS: 21 

Peak number 

3 

63.2 

:36.S 

96.6"* 

118 : 31 
1
18 : 2 i 
IS: 2! 

2S.9 

9.7 

6U 

96.8'" 

1
18 : 31 

,IS: 31 
: IS: 11 

5 

29.6 

:3.7 

1.1 

65.5 

9S.0 <." 

! 16: 0 i 

\
·18: 31' 
1 IS: 3 

* Example of linseed oil. Total acyl carbon number. Percentage by weight. 

and total acyl carbon number anaylsis as s10,Yn in Table II-I. This table shmys the 
results on linseed oil in Fig. II-I as an example. Peak number 1 in Fig. II-I is 
triglyceride composed of 18 : 3 alone, i.e., (18 : 3, 18: 3, 18: 3) because oyer 98% of 
fatty acid of this fraction is 18 : 3, in addition, the total acyl carbon number of this 
peak is mostly 540. Peak number 2 is considered to be the combination of one mol 
of 18 : 2 and two mols of 18 : 3, that is, (18: 2, 18: 3, 18: 3). This is supported by 
the data of total acyl carbon number of this fraction. Peak number 3 is mainly (18 : 
:3, 18: 2, 18: 2) for the same reasons in peak number 2. Peak number 4 is (18 : 1, 18: 
3, 18: 3) with 40-10% contaminants because 9.7% of 18: 2 is detBcted as overlaps 
from the previous peak. Peak number 5 has at least two contaminants, i.e. 18: 1 
and 18: 2. This peak is concluded to be (16: 0, 18: 3, 18: 3) from the data of total 
acyl carbon number. All other peaks were indentified in the same manner. 

The relati';e retBntion times (RRTs) of all peaks were determined by dividing 
the retBntion time of each peak by that of triolein. When the amount of triolein 
was very small and or the peak o\-erlapped considerably, purified triolein was added 
to the sample as an intBrnal standard. Predominant or reliable peaks were selected 
(Table II-2) to plot the RRTs of individual triglycerides on a semi logarithmic graph 
paper. Results are shown in Fig. II-2A. The RRTs were also calculated from the 
chromatograms in the reports of Perkins et al.II.381 (see Table II -3 in the next section) 
and those of :JIerritt et al. 391 , and plotted on a semilogarithmic graph paper as shown 
in Fig. II-2B and Fig. II-2C, respectively. As it is clear from these figures, the 
sequence in elution might be controlled by a fixed correlation, that is, a matrix 
relation, though the analytical conditions are different among the three figures in 
Fig. II-2. If we express these by empirical equations, the t,yO equations described 
pre\-iously (equations (5) and (6) in page 265) can be obtained. 

In Fig. II-2, it is observed that even triglycerides from plant sources show 
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Table II-2. Relation between relatiYe retention time 

Repeseed oil Linseed oil Cacao butter 

RRT* Molecular species RRT' :'Iolecular species RRT* ~Iolecular species 

28.6 (18:3)x2(18:2) 22.5 (18:3);<:3 91.2 (16: 0) ;<2(18: 2) 

35.9 (18: 2) x2(18: :3) 28.6 (18:3)x2(18:2) 117.5 (16: 0) x2(18: 1) 

37.5 (18 : :3) X 2( 18 : 1) 35.5 (18:2)x2(18:3) 136.2 (18: l)x2(18:0) 

015.0 (18: 2) x 3 36.8 (18 : 3) )( 2(18 : 1) U3.7 (18:0)x2(18:2) 

016.8 (18: 1)(18: 2)(18: 3) 010.1 (18: 3) ><2(16: 0) U6.8 (16: 0)(18: 0)(18: 1) 

.,)8.01 (18: 2) x2(18: 1) Hoi (18:2p<:3 1801.8 (18: 0) x2(18: 1) 

61.0 (18: 1) ;<2(18: 3) 016.5 (18: 1)(18: 2)(18: 3) 238.5 (18: 0)(18: 1)(20: 0) 

76.3 (18 : 1) X 2( 18 : 2) 51.0 (16: 0)(18: 2)(18: 3) 

8.5.5 (16: 0)(18: 1)(18: 2) 58.01 (18: 2) x2(18: 1) 

100.0 (18: 1) x:3 61.0 (18: l)x2(18: 3) 

112.01 (18: 1) x2(16: 0) 76.6 (16: 0)(18: 1)(18: 3) 

122.01 (18: 1)(18: 2)(22: 1) 92.6 (16: 0)(18: 0)(18: 3) 

128 .. 3 (18: I) >:2(20: I) 100.0 (18: 1)>:3 

U3.9 (18: l)x2(18:0) 

160.0 (18: 1) >:2(22: 1) 

* RRT: RelatiYe retBntion time when (18: 1) x 3 is used as the reference peak. 

complicated sets of oblique lines. This is due to the extreme increase in probability 
in combination of fatty acids. For example, if we have four kinds of fatty acids, 
there is a probability that diglyceride or lecithin might haye a maximum of .J} = 16 
kinds of acyl combinations. But in case of triglycerides, this will drastically 
increase up to -13 = 6J kinds of acyl combinations. :More specifically, in case of fish 
lipid, for instance if ,ye have ten kinds of fatty acids, there is a probability that 
diglyceride or lecithin might have a maximum of 102 = 100 kinds of acyl combina­
tions, ,yhile in case of triglyceride, 103 = 1000 combinations might be possible. The 
author has tried to analyze the molecular species of triglycerides from fish muscle. 
But the theoritical plate of the HPLC column is still not enough to separate the yery 
complicated combination of molecular species of triglyceride from marine sources. 
Recently, column packing with 3,um particles has been del-eloped by Dong et al. 4D ) 

for triglyceride analysis from yegitable sources. Though the life of this type of 
column packing is shorter than the coyentional 5-,um particle type, it is expected to 
gi\-e a high resolusion chromatograms. 

Section 3. Discussion 

The chromatograms of Perkins et al. ll .3S ) ,yere used in this study. RRT's of 
each peak on their chromatograms ,,-ere calculated by dividing the retention time of 
each peak by that of triolein. Multiple regression analysis4

!) was performed against 
the RRT using a Personal computer l\Iodel PC-SOOl (NEe, Tokyo). 

l\Iartin-'2) formulated the equations: 
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and molecular species of triglyceride from natural sources 

Palm oil Ogonori Olin oil 

RRT* l'IIolecular species RRT* :lIolecular species RRT* lIIolecular species 

62.3 

74.7 

83.6 

92.1 

128.6 

(l8:2)x2(16:0) 27.8 (20:4):<3 76.3 

(18:1)x2(18:2) :32.8 (20: 4) x 2(20: :3) 100.0 

(16: 0)(18: 1)(18: 2) 37.0 (20:4)x2(14:0) 125.4 

(16:0)x2(18:2) n8 (20:4)x2(18:1) IH.8 

(16:0)x3 47.8 (20:4)x2(16:0) 

LlJ-LB _ .df1.4 _ LlfJ.x 
R·T R·T R·T· 

In (~)= L1J.!x 
a..l R· T 

(18: 1) x2(18: 2) 

(18:1)x:3 

(16: 0) 2(18: 1) 

(18 : 1) X 2( 18 : 0) 

( 1) 

where A, B are members of a homologous series, differing by the functional group X, 
a is the partition coefficient, and LlJ.!x is the difference in chemical potential of the 
group X in a polar or nonpolar phase of the chromatographic system. It follows 
that each functional group in the solute molecule contributes more or less indepen­
dently to the differences in standard free energy of the solute between the two 
chromatographic phases. Thus in general, there is a linear relationship between In 
a or log a and the number of functional groups in a homologous series. By 

I 
C1 dj I substituting A in Martin's421 equation with a triglyceride species C2 d2 and B with 
C:J d3 

I 
Cj + X dj I . . I C1 dj I . I C1 dj + r I - -

C2 d21' or substItute A wIth C2 d
21 

and B wIth c2 d2 , then X and :1 
c3 d3 c:J d3 c:J d3 

will denote functional groups. In simple triglycerides, X corresponds to the -CH2 -

unit and r corresponds to the -CH = CH - unit. The chemical potential of the 
triglyceride molecule is principally affected by X or Y because an elongation of the 
hydrocarbon chain or an increase in the number of double bonds in the acyl group 
affects the RRT of each molecular species. Plots of (empirically determined) 
log(RRT) against C~ or DB on semilogarithmic paper draw ascending or descending 
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B 

:s: 

c 

~ 
t '--. 

1 2 ] .. 5 €i 7 is S ::; 
Number of Ictal do~~.:!..' benes 

Fig. II-2. Relation between relati\'e retention time and total acyl carbon number and 
relation between relative retention time and total double bonds of triglyceride on 
HPLC. 
A: Plant sources in this study B: Data of E.G. Perkins et al. in J. Am. Oil 
Chem. Soc., 58. 867-872 (1981) and in Lipids, 17. -160--16:3 (1982) C: Data of C. 
}Ierritt ct al. in J. Am. Oil Chon. Soc .. 59. -122--132 (1982). 
(or and yare yariables of acyl carbon number and number of double bonds respec­
tively, for example . .r can take 16. 18, 20, 22 .. · and y can take L 2. 3, -1 .. 5 .... ··etc) 

a·1 i~ ~ II" b·1 i~ i I c. II in I d·1 i~ i I e·l;o ~ I f·1 ~~ ~ I, 
:c 0 .r 0 or 1 .r 1 20 -1 20 -1 I 

118 y I 1
18 

0 I 1
18 

1 'I 1
18 

21 1
18 

31 1
16 

0 i A g. 118 1 h. 18 0 i. 18 1 j. 18 21 k. 18 3 l. 18 0 I' 
22 1 18 Y I I 18 Y I 18 Y 18 Y 18 Y 

116 0 16 0 

m. 18 21 n. 1
16 0 I 

118 Y 1
18 y 

a·1 i~ ~ I b·1 i~ ~ I 
.T 0 or 01 

118 11 1
18 

'! I f. I' 18 1 g. 18 2 
18 y, 18 Y 

1

18 11 1
18 

11 a. 16 0 b. 18 1 
.r 0 I .T 0 I 

116 0 I 
g.116 0 

,18 Y I 

1

18 11 c. 18 1 
.T 0 

1

16 0 I h. 18 1 
18 Y 

'18 l' 
c. 118 21 

lor 0 I 

'18 11 
d.118 2 

.r 0 

1

16 0 I i. 18 2 
18 Y 

1

18 21 
d. i~ ~ I 

1

18 0 I e. 18 1 , 
18 Y 

1

16 0 I j. 16 0 
18 Y 

1

18 11 e. 18 1 
18 Y 1

16 0 I f. 18 1 
18 Y 

straight lines (See Fig. II-2). Though there is no doubt that the chemical potential 
of a triglyceride molecule is principally affected by the number of -CHz- units or 
-CH=CH- units, more precise concepts can be introduced. Namely: 

1. One hydrocarbon chain of the triglyceride molecule, -CHz- and -CH = CH-
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Table II-3. Relatiye retention time calculated from the HPLC 
chromatograms of E.G. Perkins et al. in J. Am. Oil Chem. 
Soc .. 58, 867 -872 (1981) and in Lipids, 17, -I60--!63 (1982) 

:'.1olecular species RRT* Molecular species 

La La La 21.9 MOP 

tri-l:3 : 0 :33.9 80 L 

L L Le 3-1.3 8 P L 

}1 M :\1 -12.1 POO 

LLL -1-1.8 80M 

L 0 L 58.7 POP 

LLP 63.3 PPP 

LOO 76.7 800 
tri-L5:0 81.8 8 8 L 

P L 0 83.7 8 0 P 

P P L 89.5 (800) 

P L P 90.7 8 P 0 
LPP 9-1.2 8 P P 

000 100.0 808 

Abbreyiations : 
La: LauryL L: LinoleyL Le: LinolenyL 
:'.1: }1yristyL 0: OleyL P: PalmityL 

RRT* 

lOLl 

lOn 

108.7 

113.1 

11 7.3 

120.1 

132.9 

1-1-1.2 

145.0 

152.7 

155.3 

162.3 

179.8 

208.1 

*RRT: Relatiw retention time when 000 is used as the reference 
peak. 

can be considered as a physicochemical functional group. In addition, the 
differences in arrangement of these units might affect the total chemical potential of 
triglyceride molecule and this should be considered (We \yill call this the Q factDr). 

II. Unless the three carbon chains are the same, \ye should consider differences 
between the positional isomers (i.e. binding position of the acyl group). 

III. Specific fatty acids such as iso-, trans- or hydroxy fatty acids should also 
affect the total chemical potential of triglyceride molecule. 
For the purpose of this discussion, we will not consider III, since retention data on 
these triglycerides are not forthcoming. The chemical potential (u) of triglyceride 

d
l 

I d~ can then be written as follows: 
d3 

f-!=g!J(c l , dl, _QI)'!(C~, dc, _Qc),!(c3 , d3 , _Q 3 )} (2) 
where _Q is the Q factor,] is the chemical potential giyen by the hydrocarbon chain, 
and g is the function of chemical potential given by the differences in positional 
Isomers. 
Function (2) sums up the chemical potential of the triglyceride molecule, and, 
therefore represents factors that control the sequence of elution on HPLC. 
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In order to derive an ECN from function (2), we shall neglect factor II, and 
suppose that there is no contribution from positional isomers. lYe can re'write 
function (2) as: 

f.L=j(c l , C2 , QI)+j(C2 , d2 , Q2)+j(C3 , d3 , Q3) (3) 

In addition to this, if we neglect the Q factor, function (3) 'will become: 
f.L=j(c l , dl )+j(C2 , d2)-':-j(C3 , d3 ) (±) 

A commutative law should hold at function (-±) since positional isomers (binding 
position of the acyl group) are not considered. Therefore: 

f.L=j(C1 +C2 C3 , d1 d2 +d3) (5) 
= j( CS, DB) (6) 

This function (6) corresponds to the function for ECN. 
There is an empirically a derived linear relationship bet\\'een the logarithm of 

the RRT of a molecular species of a triglyceride versus C .. V or DB when only one 
acyl group differs in carbon number or number of double bonds. For ease of 
comprehension, a matrix model has been used to exhibit this relationship. Mathe­
matically, this can be written as follO\\'s : 

10g(RRT)=PI • Cj ql 
10g(RRT)=P2 • C2 q2 
10g(RRT)=P3 • C3 q3 
10g(RRT)=PI'· DI q; 
10g(RRT)=P; • D2 +q; 
10g(RRT)=P;. D3+q~ 

(1) 
(2) 
(3) 
( -±) 
(5) 
(6) 

where RRT is the relative ret~ntion time, C): C2 , C3 are the acyl carbon numbers 
(variable) in each acyl group. DI, D2, D3 are the numbers of double bonds (yari­
able) in each acyl group. Ph P2 , P3, PI', P;, P; are the slopes (constant) and ql, q2, 
q3, q;, q~, q~ are the intBrcept (constant) from the semilogarithmic plots of 10g(RRT) 
of each molecular species of triglyceride against CS and DB. 
By adding both sides of equations (1) through (6) : 

6 .10g(RRT)=Pj • CI+P-,-' C2 P3 • C3 p;. D j p;. D2 
+P; • D37 ql q2 q3 q; q~ q~ (7) 

If \\'8 substitute Pil = 16 Pn, P'il = 1/6 P'iI. Iq/6= Q, the following function can 
be obtained: 

10g(RRT)=PI • CI+P2 ' C2 +P3' C3 PI'· DI-+-P;. D2+P;. D3+Q (8) 
This formula (8) can be considered as the first order combination of C1, C2 , C3 , D1, 

D2 , D3 against 10g(RRT). 
C\, C2 , C3, D 1, D2 , D3 are independent variables (in another words predictor 
yariables) and log( RRT) corresponds to the dependant variable (in another words. 
the criterion \'ariable). 
Thus we han reached an equation that predicts the RRT of indi\'idual molecular 
species of triglyceride. 

By calculating the regression expression, we can predict the RRTs from several 
kinds of predictor variables that are C1, C2, C3, DI, D2, D3. Or at the same time, it 
is possible to see all-inclusive correlations between the critBrion variable i.e. RRT 
and the predictor variables. 
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Fig. II-:3. Practical EC:\ suggested in this study and the traditional EC:\ in 
relation to the sequence of elution of triglyceride molecular species on 
HPLC. 

Standard chromatograms of Perkins et al. 11.35 I were introduced in order to 
calculate the RRTs of each molecular species of triglyceride (Table II-3). Results 
from calculation of the regression expression ,,-ere: 

10g(RRT)=3.37391. 0 1 +3.90109. O2 +7.00699.03 -11.63260. D j 

- I:3.-102.n • D2 -13.-10738 • D3 S3.77HS (9) 
The multiple correlation coefficient was 0.99.nS. 

l~nfortunately, in the standard chromatograms mentioned aboye, we were 
unable to distinguish triglyceride isomers (the binding position of the acyl groups). 
So, the coefficients of Or, O2, 0 3 should be equi,-alent. And the coefficients of Dr, 
D2 , D3 should also be equiyalent. Therefore, formula (S) can be rewritten as: 

10g(RRT)=P. (Or 02+03)+P'· (Dr D2 -,-D3 )+Q 
=p.(O~Y) P'.(DB)+Q (10) 

Function (10) is actually the same as the definition of ECX since P' P corresponds 
to the coefficient :2 in EOS. The actual calculation of p'ip from formula (9) 
gan - 2.2, nearly but not equal to the EC~ definition ratio of - 2. If we use - 2.2 
for P' P. it is possible to distinguish the following pairs that haye the same EOS 
( 3S): 
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t;~ ~t (AI ti~ it 
By using a coefficient - 2.2, the ECN' of (A) becomes 60 2.2 X 11 = 35.S and the 
EON' of (B) becomes 5S 2.2 x 10=36.0. The authors haye performed a sequence 
simulation on the HPLC data of Table II-3 using formula (10). The results are 
shown in Fig. II-3. It is clear from Fig. II-3 that all the molecular species in Table 
II-3 become resolvable (sho\Yl1 as a solid line). In conclusion, \ye might say the 
coefficient of the ECN should not be an integer, and this coefficient is affected by the 
analytical conditions employed. This \yas also supported by the latest \york done 
by Toya et al. 431 

Formula (10) that corresponds to the definition of EON has t\yO independent 
variables and one dependent variable \yhereas formula (S) has six independent 
variables. This implies that with only two independent variable, it is impossible to 
accuratBly predict the RRT of an indi\-idual molecular species, and that six indepen­
dent variables are inevitably needed for the prediction of RRT $ of triglyceride 
molecular species. 

Howenr, \ye can conclude that formula (S) can be employed for contemporary 
HPLC analysis. 

CHAPTER III 
Lecithin Molecular Species Identification Program 

for the Personal Computer 

So far, the matrix modeL namely, the formulae that control the sequence in 
elution of individual molecular spesies on HPLC have described. 

The next step of this study was the efficient progress in the molecular species 
indentification on HPLC chromatograms by utilizing these formulae. A personal 
computer was introduced for this purpose. NEC personal computer Model PC-SOOl 
(NEC Ltd. Tokyo) was used. 

Section 1. Lecithin Molecular Species Identification 
Program Version I 

At first, the slopes of the formulae (formulae (S') and (9') in chapter I) ,,-ere set 
by analyzing the data of lecithin molecular species on HPLC that had been 
accumulated. And the intercepts of the same formulae were all determined by the 
regression analysis. The identification program \yas designed by using these slopes 
and intercepts (intersections). Though this identification program was a concrete 
form of the chromatographic rules presented in chapter I (formulae (S') and (9')), 
there were some identification errors. It was obsen-ed that in some cases, 
specifically in the case of tetraene group, there were some deviations as shown in Fig. 
III -1 resulting in the errors for the molecular species identification. The main 
reasons were considered to be the following two: 

1. When the peaks onrlap, it is hard to determine the RRTs of positional 
Isomers. 

2. Both w3 and w6 type fatty acids exist in tetraene groups that make the 
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Fig. III-l. De,'iations in tetraene and saturate com­
bination group. 

large de,-iation of RRT. 
So, it can be concluded that the thorough denlopment of instruments i.e. the 
column, the pump etc. of HPLC are required in order to clearify the RRT differences 
in positional isomers as well as the differences in w isomers, and to complete the 
molecular species indentification program that exactly reflexes the formulae ((8') 
and (9')). 

Section 2. Lecithin Molecular Species Identification 
Program Version II 

Though it was found to be hard to design a computer program that strictly 
follows the chromatographic rules presented in this study due to the inadequate 
imformation of RRT between the isomers or the inadequate reproducibility of RRT 
on the present HPLC, a more practical identification program based on the collation 
\yith the deposit data were designed. It runs as follows as designated in Scheme 
III -1 : 

At first, the fatty acid composition data of the collected peak on HPLC is 
entered (shown as B in Scheme III-l) after initialization (shown as A). Then the 
identification subroutine starts running according tD the priority order of 
identification that goes as follO\ys : 

1. Search the same molecular species in the data file and when there is, then 
print out the RRT of it that meet.s the condition of a: which restricts the range of 
RRT that has entered from the keybord manually (sho\nl as C-1 and D, E). This 
is called "PREDICTED BY S.T.D. RRT" in Program III-I. 

2. If not in the case of 1, search the molecular species that belongs to II x dd! i 
C"2 "2 I 

, d I 

(or ! ~~ d~ I ) group, and then generate a regression line as shown in Fig. 1II-2. 

After that. print out the RRT of it that meets the condition of a: (sho\yn as C-2 and 
D. E). This is called "Liner prediction routine" as well as "RREDICTED BY 
:3-VAR. LIXER }IETHOD" in Program III-I. 

- 275-



as 

}lem. Fac. Fish. Hokkaido Cni,·. :XXXII. 2 

GEnERAL ;::LO\>! SUBROUTINE 

I Initialization of variables. 
j 

Search the same molecular C-l.* 
species in the data file. 

Enter the GLC results of 
fatty acid. Search the molecular 

species that belongs 

Prediction of RRT. 
(Subroutine) C 

to 'x d" or ,C, d'i C-2 ... '·' 
c2 d2 x dz 

Enter a manually. 

Pri nt out RRT tha t meets the 
condition of a. 

To continue or not. 

END 

;, Searched 

group, and then generate 
a regression line. 

Generate a parallelogram 
and search the vertex. 

Search the molecular 
species that can be 

defined as , ~~I. Then 
introduce the slope of 
the regression line. 

Impossible. 

;,;, Not searched 

C-5 

Scheme III-I. Flo\\' Chilrt of the lecithin molecular species identification program for the 
personal computer. 

RRT 

32 34 36 38 40 
Total acyl cal~bon number 

Fig. III-~. Relatiw ret€ntion time prediction by the 
regression line. 

3. If not the cases of 1 and 2, search the molecular species that can be defined 

and then search the molecular species that can generate a parallelogram 

(network) as ShO\Yll in Fig. III-3, and print out the RRT of the Yertex molecular 
species on the parallelogTam that meets the condition of a (shown as C-3 and D, E). 
This is called "~ET\YORK PREDICTION" in Program III-I. 
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1 PRINT "IF YOU WANT TO ONLY PREDICT ONE M.S. RRT THEN ELASE ' OF LINE 75":DELET 
E 1 :END 
40 ' D.G. RRT PREDICT PROGRAM LAST VERSION ( EVERY WAY ) 
60 WIDTH80 ,25 :CONSoLE, ,0,1 :COLOR7 ,0,1 :PRINT CHR .. (12) :LOCATE 10,10 :PRINT "MOLECU 
LIOR SPECIES OF DI-GLYCERIDE DETERMINATION HELPER" :LOCATE 10,12:PRINT "PROGRAMED 
BY }LAJZOTO EGI 1983.10.18." :LINE (16,36) - (130,54) ,PSET ,B 
70 LOCATE 15,18:PRINT "INITIALIZE PHASE": GOSUB 7000 
72 PRINT CHR$(12) 
75 'INPUT Cl,Dl,C2,D2:GOSUB 1000:PRINT PR,ME$(M) :GoTO 75 
80 FOR 1=1 TO 10 :FC (Il =0 :FD (I) =0 :FP (Il =0 :FOR J=1 TO 10 :MM (I ,J) =0 :ML (I ,J) =0 :NEXT 

J:NEXT I:PRINT CHR$(12) 
90 PRINT : INPUT "SAMPLE NAME IS ";SN$: INPUT "HPLC PEAK NO. IS ";NS :PRINT : INPUT" 
INCLUDING F.A. No.";N 
100 PRINT :FOR 1=1 TO N 
110 PRINT "F.A. NO." I I: INPUT"CARBON NO:" lFC (I) : INPUT"DOUBLE BOND NO: "IFD (I) ,PRI 
NT :NEXT I:PRINT CHR$(12) 
120 PRINT "SAMPLE NAME : "ISN$:PRINT :PRINT :PRINT "HPLC PEAK NO. :"INS:PRINT 
:PRINT "CALCULATING NO. "15:5=5+1 :PRINT :PRINT "INCLUDING F .A. OF THIS PEAK" :PR 
INT 
130 FOR 1=1 TO N:PRINT "F.A. NO. ";Il:PRINT " 
NEXT I:PRINT :PRINT "OK":PRINT 

";FC(I);":" ;FD(I);" 

140 INPUT "REAL RRT OF THIS PEAK"IRT:PRINT :PRINT "NOW CALCULATING PHASE":PRINT 
150 FOR 11=1 TO N:FOR Jl=1 TO Il:Cl=FC(Il) :C2=FC(Jl) :Dl=FD(Il) :D2=FD(Jl) :GOSUB 
000:MM(Ll,Jl)=PR:ML(Il,Jl)=M:NEXT Jl:NEXT II 
160 BEEP :PRINT "CALCULATION ENDED" :PRINT 
170 INPUT "ENTER MAX. OF ALPHA";K:PRINT 
18e 1=0R 1=1 TO N:FOR J=1 TO I:IF A85(MM<l,JJ-RT)(K THEN PRINT '1";FC(JJ;':'IFD<I 
);'I':PRINT "l'IFC(J)I":";FD(J);"I'I" P.RRT=";MM(I,J);' ALPHA='IMM(I,J)-RT:P 
RINT :PRINT" METHOD :" lME$ (ML (I ,J» :PRINT 
190 NEXT J:NEXT I 
200 AN$="yes": INPUT "ANY MORE PREDICTION "IAN$: IF AN$="yes" THEN 170 
210 AN$="yes" :INPUT "ANY MORE CALCULATION" lAN$:IF AN$="yes" THEN 80 
900 GOTO 80 
1000 1 ______________________ PR Calculation ---------------------------------
1010 K=0:Kl=0:K2=0:PR=0:M=1 
1015 IF Dl)D2 THEN C=Cl:D=Dl:Cl=C2:Dl=D2:C2=C:D2=D 
1020 IF ([Il=D2 AND C1>C2)THEN C=Cl :D=Dl :Cl=C2:Dl=D2:C2=C:D2=D 
1030 FOR 1=1 TO SN:IF Dl=SD(I ,2)AND (12=5D(I ,4) THEN K=K+l :SS(K)=I :NEXT I ELSE NE 
XT I 
1070 FOR 1=1 TO K: IF Cl=5D (SS (I) ,1) AND C2=SD (SS (I) ,3) THEN PR=SD (55 (I) ,5) :M=2:G 
OTO 1200 ELSE NEXT I 
1080 FOR 1=1 TO K:IF Cl=SD(SS(I) ,1) THEN Kl=Kl+1 :51 (Kl)=SS(I) 
1085 IF C2=SD(SS(I) ,3) THEN 1(2=K2+1 :52(1(2)=55(1) 
1090 NEXT I 
1110 IF 1(1)=2 OR K2>=2 THEN GOSUB 4000:GOTo 1200 
1130 IF FO([ll ,[12,1)=1 THEN Tl=LOG(S[I(FO([ll,D2,4) ,5) )*43.429:T2=(Cl-SD(FO([ll,D2,4 
) ,1) ) *FO ([11 ,D2 ,2) :T3= (C2-SD (FO WI ,[12,4) ,3) ) *1=0 WI ,D2 ,3) :PR=10 A 

( <T 1+T2+T3) 1100) :M 
=5:GOTO 1200 
1145 IF K<>0 THEN PR=10" ( (Al* (Cl+C2) +OQ WI ,D2» 1100) :M=3 :GOTO 1200 
1150 M=1 :PR=0 
1200 RETURN 
4000 ------------------------ Liner prediction routine ----------------------
4005 SX=0:SY=0:XX=0:YY=0:XY=0:M=4 
4010 IF K1>=2 THEN FOR 1=1 TO 1(1 :X=S[I(SI (I) ,1)+SD(Sl (I) ,3) :Y=LOG(SD(Sl (I) ,5) )*4 
3.43:SX=SX+X:SY=SY+Y:XX=XX+X*X:YY=YY+Y*Y:XY=XY+X*Y:NEXT I:KS=XX-SX*SX/Kl:LS=XY-S 
X*SY/Kl,MS=YY-SY*SY/K1:A4=LS/KS:B4=SY/Kl-A4*SX/K1:R4:LS/SQR(LS*MSl 
4015 SX=0:SY=0:XX=0:YY=0:XY=0:Pl=(Cl+C2)*A4+B4:Pl=10A (P1/100) 
4020 IF K2>=2 THEN FOR 1~1 TO K2 :X=SD(S2(I) ,1)+SD(S2(I) ,3) :Y=LOG(SD(S2(I) ,5) )*4 
3.43:SX=SX+X:SY=SY+Y:XX=XX+X*X:YY=YY+Y*Y:XY=XY+X*Y:NEXT I:KS=XX-SX*SX/K2:LS=XY-S 
X*SY IK2 :MS=YY-SY*SY /K2 :A5=LS/I(S :B5=SY IK2-A5*SX/K2 :R5=LS/SQR (LS*MS) 
4025 P2= (Cl +C2) *A5+B5 :P2=10" (P2/ 100) 
4030 IF Kl>K2 THEN PR=Pl ELSE IF Kl<K2 THEN PR=P2 
4990 RETURN 
7000 ,----------------------- PR Calculation Initialize ----------------------
7005 SN=69:K=0:Kl=0:K2=0:PR=0:T=24:Al=7.66589:PR=0 
7010 DIM S[I(SN,5) ,SS(15) ,FO(6,6,4) ,[lS<T,2) ,Q3<T) ,QQ<7,7) ,FC(10) ,FD(10) ,FP(l0) ,MM 
<10,10) ,ML(10,10) 
7020 FOR 1=1 TO SN:FOR J=l TO 5:READ SD(I,J) :NEXTJ:NEXT I 
7030 FOR 1=1 TO T:FOR J=1 TO 2:READ DS(I ,J) :NEXT J:READ Q3(I) :QQ ([IS (J ,I) ,DS(J ,2) 
) =Q3 (j) :NEXT I 
7040 FOR 1=1 TO 5:READ ME$(I) :NEXT I 
7050 FOR 1=1 TO 5:READ DO,DT:FO(DO,DT,I)=I:FOR 11=2 TO 4:READ FO(DO,DT,II) :NEXT 
II :NEXT I 
7060 FOR 1=1 TO 2:FOR J=1 TO 2:READ P$(I,J) :NEXT J:NEXT I 
9040 RETURN 
10000 ,------ DATA SET OF STD. D.G. RRT ( MEAN OF DATA) FROM D.G. BOOK ----
10010 DATA 16,0,16,0,213 
10020 DATA 14,0,18,1,141.8,18,0,18,1,295.2,16,0,18,1,208. 786,15,0,18,1,175.7,16, 
0,17,1,175.7,16,0,16,1,148.45,14,0,20,1,212,16,0,20,1,301.9 
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10030 DATA 14,O,18,2,100,16,O,16,2,111.7,16,O,18,2,145.7,17,O,18,2,167.9,18,O,18 
,2,202.9,20,O,18,2,288.6 
10040 DATA 16,1,18,1,138.26,18,1,18,1,191.175 
10050 DATA 16,1,18,2,100,18,1,18,2,135.45,20,1,18,2,188.1 
10060 DATA 16,0,18,3,110.6,18,0,18,3,152.9 
10070 DATA 16,0,20,4,122.057,16,0,22,4,132.9,18,0,20,4,177.55,18,O,22,4,191.7 
10080 DATA 18,1,18,3,99.9 
10890 DATA 18,2,18,2,97.9 
10100 DATA 14,O,20,5,63.85,15,O,20,5,77.8,16,0,20,5,91.5667,14,O,22,5,82.3,16,O, 
22,5,122.288,18,0,20,5,137.133 
10110 DATA 16,1,20,4,76.9,18,1,20,4,114.95 
10120 DATA 18,2,18,3,70.4 
10130 DATA 14,0,22,6,68.9143,15,O,22,6,82.8333,16,0,22,6,98.77,17,0,22,6,121.65, 
18,0,22,6,147.65 
10140 DATA 16,1 ,20,5,60.84,18,1 ,20,5,86.8125,18,1,22,5,114.2,20,1 ,20,5,125.4,24, 
1,20,5,265.7,16,1,22,5,78.6 
10150 DATA 17,2,20,4,78.4,18,2,20,4,82.7 
10160 DATA 16,1,22,6,65.95,17,1,22,6,80.12,18,1,22,6,91.825,20,1~22,6,137.3 
10170 DATA 18,2,20,5,60.85,17,2,22,5,78.5,18,2,22,5,79.4 
10180 DATA 18,2,22,6,66.8333 
10190 DATA 20,4,20,5,52.3,20,4,22,5,74 
10200 DATA 18,3,22,6,49.7 
10210 DATA 20,5,20,5,37.33,20,5,22,5,51.5,22,5,22,5,78.4 
10220 DATA 20,4,22,6,52.725,22,4,22,6,71.1 
10230 DATA 2121,5,22,6,41.04,22,5,22,6,55.7667 
10240 DATA 22,6,22,6,44.68 
10500 ,-------------------- 03 DATA ------------------------------------------
10510 DATA O,O,-11.369,O,1,-28.418,O,2,-45.810,1,1,-47.709,1,2,-63.869,0,3,-56.9 
3,0,4,-72.255,0,5,-78.303,1,4,-85.423,2,3,-91.215,0,6,-91.9381,1,5,-97.0845,2,4, 
-99.553,1,6,-110.012,2,5,-113.455,2,6,-124.747,4,5,-134.785,3,6,-136.999,5,5,-14 
9.348 
10520 DATA 4,6,-151.552,5,6,-160.477,6,6,-172.366,1 ,3,-76.01549,2,2,-77.8345 
106Q'0 ,-------------------- METHODS ------------------------------------------
10610 DATA "IMPOSSIBLE TO PREDICT." ,"PREDICTED BY S.T.D. RRT" ,"PREDICTED BY (Dl, 
D2) METHOD.", "PREDICTED BY 3-VAR. LINER METHOD.", "NETWORK PREDICTION" 
10700 ,-------------------- NETWORK [.ATA -------------------------------------
10710 DATA 0,2,7.62355,5.7712132,12,0,4,8.13790,1.84811,23,121,5,8.24843,5.51194,29, 
1,5,8.01821,5.56167,43,2,5,8.121012100,5.778121121,58 
1072Q. ,---------------------- NAME OF VARIABLE---------------------------------
10730 DATA He!", 'ID1", "C2 11 , 11 D2 II 

10800 STOP 
10900 END 

Program III-I. Lecithin molecular species identification prognlm for the personal com­
puter. written in ~-BASIC. 

RRT 

------

32 

___ 18:4 

-/ 204 
----------- 22:4 

___ _________ -----_~:=:;.:Y.<:::::~-- 180 

.- 160 

34 36 38 40 42 
Tota 1 acyl carbon number 

Fig. III-:3. Relatiye retention time prediction by the wrtex of il parallelogram. 
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RRT 

150 

100 

RRT ECN 

15 30 

10025 

A 

"Result of the identification 
program 

Sequence of elution 

Reversed 
po in t / ...... _.-' 

~ .... ,,-------' 
,'/' ~\ ... ," 

................ /! .......... . 

50 20-.. '-'·/ 

Sequence of el uti on ----~ 

Accual 
RRT 

Actual 
RRT 

/ECN 

Fig. III·... Results (RRT prediction) of the lecithin molecular species idemification 
program in relation to the sequence of elution on HPLC. 
Sample is of sardine muscle . 

. 1. If not the cases of 1,2 and 3, search the molecular species that can be defined 

as d1 
II as it has been done in 3. Then, introduce the slope and the intercept 

dz 
(shown as Q3 in Program III-I) of the generalized regression line and print out the 
RRT that meets the condition of cr (shown as C-4, D, E). This is called 
"PREDICTED BY (DL D2) METHOD" in Program III·L 

5. Impossible (shown as C-5). 
Finally. it goes back to the main routine that continues or ends up the 

identification program. The whole yiew of the program is shown in Program III·L 
The results obtained by this program ,,,ere compared with the results obtained from 
the actual analysis of sardine muscle done by enormous labor. Fig. 1II-4A illus­
trates the good agreement between the actual analytical results shown by solid line 
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and the identification yia personal computer shown by dots. And for the compari­
sion, ECR (or PN) is also shown (shown by the broken line in Fig. III-JB). None 
of the reYersed point in RRT was obseryed in this example by the presented 
identification program making good contrast with those of ECN (or PRJ. 

Although, in some cases, there might be some rare missidentification, this 
personal computer program is sure tD be of great help in predicting the molecular 
species that are generally found. 

CHAPTER IV 
Molecular Species of Fish Muscle Lecithin 

So far. the formulae that control the sequence of elution of lipid molecular 
species on HPLC haye been demonstrated. It has been proyen that the matrix 
model presented is inyariant. And this matrix model forms the bases of molecular 
species identification of muscle lecithin from fish sources that will be discussed in 
this chapter. 

The characteristics of each fish from the vie,\, point molecular species of muscle 
lecithin is discussed "'ith some supplemental analysis such as principal component 
analysis. 

Section 1. Experimental 

Total lipids "'ere obtained from the fish muscle tabulated in Table IV-1 
according to the method of Bligh & Dyer. Neutral lipid composition and phos­
pholipid composition were measured by the Iatroscan-Chromarod l\Iethod l

.
H7

). 

The de,-eloping soh'ent used 'were n-hexane/diethyl ether/formic acid (85: 15: 0.5, 
y\') for the former and chloroform/methanol/ammonia/water (70: 30: 2 : 3, y/y) 
for the latter. Phospholipid content was determined by multiplying 25 tD the 
phosphorus content of the lipid which had been determined by Fiske-Sabbarow 
method. Preparation of pure lecithin, hydrolysis of lecithin intD diglyceride, and 
deri\'ation to diglyceride acetate from diglyceride ,,-ere done in the same manner as 
shown in chapter 1. HPLC fractionation and identification of molecular species of 
each peak on HPLC \\'ere also done in the same manner though a new matrix model 
is ayailable in identifying the molecular species in order tD verify the results. 

Results and Discussion 

Section 2. Characteristics of Muscle Lecithin of Fish 

The yield of total lipid and the percentage of each lipid class against total lipid 
are shown in Table IV-2 and Table IV-3. Fatty acid composition of diglyceride 
acetates which represent the fatty acid composition of lecithin are shown in Table 
IV-J and Table IV-5. Samples shown in these tables were subjected to the lecithin 
molecular species analysis. 

HPLC chromatDgrams of each fish are shown in Figs. IV -1- 6 and the detected 
molecular species of lecithin in sequence of elution on HPLC ,,-ith the percentage 
data and those of mg/lOO g muscle are shO\\'n in Figs. IV-7 -32. 

As illustrated in Fig. IV-I, the HPLC chromatDgram of diglyceride acetate of 
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Samples 

Sardine 
Sardinops melailosticta 

:\Iaekerel 
ScolI/ber japonicas 

Big-ewd tuna. Frozen 
Pa~'aillililiws ObCHS 

Bro\yn sole 
Limanda jerrtlginca 

Sand flounder 
Liilailda pailctatissima 

Rock fish 
Scbastcs schlegeli 

Alaska pollack 
Thcraga chalcogramma 

Chum salmon. :\Iale 
OilcorhYilchus keta 

Chum salmon. Female 
kcta 

Lamila COn1ubica 

A: 

Table IY-1. Fish examined 

:20.0 cm. 80 g 
Kamiiso, Hokkaido 
17.1 cm. -13 g 
Kamiiso. Hokkaido 

-11.8 em. 6-17 g 
Kamiiso, Hokkaido 
3:2.:2 cm. -109 g 
Todohokke, Hokkaiclo 

23.7 I'm. 169 g 
Kikon,li. Hokkaido 
:21.2 cm. 207 g 
Kamiiso. Hokkaido 

18.3 CIll. 65 g 
Kamiiso. Hokkaido 
18.6 em. 1:39 g 
Abuta. Hokkaido 

19.6 cm. 187 g 
Toi. Hokkaido 
:27.0 em, -171 g 
Kamiiso. Hokkaido 

H.O em. 610 g 
Fehiura bay, Hokkaido 
-11. 7 cm. 509 g 
Shikabe. Hokkaido 

65.0 cm. g 
Akkeshi. Hokkaido 
-12.7 cm. 1367 g 
-15'59' --19':29'~. 16/'07' -175'30'E 
-16.8 cm. 1593 g 
-15,59' --19'29'~. 16707' -17530'E 

88.5 cm. 
-11:30' 

:2:3.0 cm. 175 g 
from the market 

:3:3.8 cm. -155 g 
~anae. Hokkaido 
:38.0 cm. 780 g 
~anae. Hokkaido 

D: Cartilaginous fish E: Fresh \\',ner fish 
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July 1982 

Oct. 1983 

Oct. 1982 

May 1983 
B 

Dec. 1982 

:\Iay 1983 

Oct. 1982 

July 198:3 

Dec. 1981 

Jan. 198-1 C 

June 1980 

Aug. 1983 

June 198:2 
D 

E 

:\1ay 1983 
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Table IY-2. Lipid composition of muscle of fish captured in 1980-1982 

~ Yield* 
l'on-phospholipid' * Phospholipid * * 

Sample TG FFA ST XP others PC PS+PE PL others 

Sardine (mI) 26.8 92.5 0..1 0..1 1.7 
i 

i 
3-./ 1.8 trace 

Sardine (Wl\I) -1.:3 83.1 0.5 1.8 2.0 8.6 2.6 0.2 

1Iackerel (Dl\I) 5.8 72.5 0.9 0.3 0.3 -1.6 8.5 2.6 

}Iackerel (Wl\I) 0.9 32.0 2.7 2.5 1.2 33.2 9..1 5.6 

Big-eyed tuna 0.7 13.-1 0.2 1.7 trace I 59..1 9.0 0.5 

Brown sole 1.7 62.2 5..1 2.:3 0.7 I 16.0 3.1 3..1 I 

Sand flounder 1.3 6-1.1 0.9 2.0 -1.2 18.8 1.1 0.6 

Rock fish 1.-1 58.8 2.5 0.5 0.3 18.5 3.8 5.0 

Alaska pollacK 1.0 7.3 1.9 7.8 trace 81.2 trace 1.7 

Blue shark 
I 

0.6 1.1 0.2 6.0 1.3 56.5 20.1 6.2 

}Iackerel shark 2.0 -18.9 2.2 1.9 1.5 23.1 8.5 13.9 

Carp 1.6 55.5 trace 6.7 trace 29.1 12.-1 2.7 

Rainbow trout 3.3 72.7 1.1 0.5 0.1 11.7 5.0 0..1 

See the abbre\'iations in the opening . 
• gil00 g muscle. ** gil00 g total lipid. 

Table IY-3. Lipid composition of muscle of fish captured in 1983-198-1 

~ 
Xon-phospholipid .. 

Yield* 
Sample TG FFA 

Sardine (mI) 3.3 53.8 1.9 

Sardine (\v}I) 0.8 29.2 0.3 

jIackerel (nJI) 20.0 90.9 0.2 

jIackerel (\v}I) 8.5 92.0 trace 

Big-eyed tuna 0.5 6..1 3.8 

Brown sole 0.9 i 20.0 trace I 

Sand flounder 1.7 62.9 2.5 

Rock fish 1.6 79.0 trace 

Alaska pollack 0.7 3.6 3.0 

Rainbow trout 2.5 69.8 1.0 , I 

For chum salmon, see Table IY-9. 
See the abbreyiations in the opening. 
* g/lOO g muscle. * * g 100 g total lipid. 

ST XP others 

2.1 1.2 

-1.8 6.3 

0..1 1.3 

0.6 0.9 

13..1 2.8 

6.0 2.1 

3.0 3.-1 

1.0 0.2 

9.8 2.6 

1.1 0.2 

Phospholipid * * 

PC PS+PE PL others 

11.2 27.7 2.1 

12.1 -1-1.3 5.0 

2.-1 -1.5 0.3 

-1.6 0.6 1.:3 

11.7 57.8 -1.1 

17.5 5-1.0 0.-1 

7.9 18.6 1.7 

3.5 13..1 2.9 

26.7 -17.0 7.3 

8.9 17.6 1.-1 
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fish muscle lecithin can be deyided intD four molecular species groups, that is, I : 
molecular species composed of highly unsaturated fatty acids such as 20 : 5 or 22 : 6, 
for instance (20: 5) (20: 5), (20: 5) (22: 6) and (22: 6) (22 : 6), III: molecular 
species composed of generally found fatty acids such as 16 : 0 or 18: 1 \yith combina­
tions of 20: 5 or 22: 6, that is (20: 5) (18: 1), (18: 1) (20: 5), (22: 6) (18: 1), (18: 1) 
(22: 6), (20: 5) (16: 0), (16: 0) (20: 5), (22: 6) (16: 0) and (16: 0) (22 : 6), and II and 
IV: others. As it is eyident from the chromatograms (see Figs. IV-I-6), groups I 
and III accounts for at least 60% of the molecular species examined. Specifically, 
as shown in Fig. IV-l and Fig. IV-8, groups I and III of the sardine whit€ muscle 
accounts for about 87 -88%. These two groups might control or represents the 
charact€ristics of lecithin of fish muscle. 

The left side chromatograms in Fig. 11,'-1 are the sardines captured in summer 
(July, 1982) and the right side chromatograms are of those captured in fall (Oct. 
198:3). Though a supplementary experiment should be done tD be conclusiYe, 
molecular species composition of group III seems tD change drastically in accordance 
with the seasonal change. 

Figure IV-2 shows the chromatograms of mackerels captured in the same day 
,yith sardine. The charact€ristics of this fish is the Yery complicat€d composition in 

" 

S .... =.!lllt:: PC a. 
IDcrl;::::.:sclel 

S"RD1!\::?C a. 
(lihltecusc!el 

·j\~1 
EO min 

I II III IV 
,.--..,.-.--.. ..------... .~-------

I: Groups composed of highly unsaturated fatty acids, that is, 1:(20:5)(22:6),2:(22:6)(22:6) 

III: Groups composed of highly unsaturated fatty acids and generally found fatty acids, that is, 

3: (20:5) (16:0), 4: (16:0) (20:5), 5: (22:6) (16:0) and 6: (16:0)(22:6) 

II&IV: Others 

Fig.IY-l. HPLC chromatograms of sardine muscle lecithin. 
a: Captured in 1982 b: Captured in 1983 
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Table IY--1. Fatty acid composition of diglyceride acetat€ 

Sample I Sardine ::IIackerel Big-eyed 

Fatty acid ! mI WM mI \"DI tuna 

12: 0 

1-1 : 0 1.09 U8 0.98 1.:39 0.72 

15: 0 0.37 0.26 0.28 0.63 

16: 0 18..12 32.35 30.82 2-1.,12 25.60 

16: 1 0.7-1 Li8 2.13 0.75 0..18 

17: 0 0.82 0.52 0.56 0.52 U6 

17: 1 0..18 0.50 0..15 0.79 

18: 0 5.99 1.11 0.90 -1.29 0.92 

18: 1 18.69 6.80 -1.22 12.09 7.2-1 

18: 2 1.09 1.8-! 0..15 1.3-! 0.56 

19: 1 0..15 0.63 0.21 0.32 

19: 2 U-1 0.3-1 

20: 0 1.26 

20: 1 1.93 0.9-! 1.15 

20: 2 

20: 3 0.30 

20: -1 3.50 2.71 1.96 3.37 5.27 

20: 5 10..17 13.98 18.6-! 11.08 -1.58 

22: 1 

22: 2 

22: 3 0.62 0.37 

22: -1 1.:37 0..15 0..12 1.1-1 

22: 5 3.:39 1.76 1.11 2.16 

22: 6 31.57 :30..12 3-1.90 :35.70 

2-1: 2 

2-! : :3 

2-!: 6 

rnkno\n1 

• Feeding migration. ::IIale. *. Ether 20 : 0 or 20 : 1. 

D::II: Dark muscle. W}I: White muscle. 

Brown Sand 
sole flounder 

2.00 1.5-1 

0.68 0.90 

22.70 29.1-1 

1.95 1.83 

1.22 1.09 

1.11 0.90 

1.93 Ul 

10.2-1 8.27 

0.21 

0.33 

1.:31 

0.97" 

1.29" 

7..13 6.97 

31.60 27.59 

0.2-1 

0.66 

0.:38 0.89 

-1.51 2.73 

10.69 15.77 

0.30 

0.21 

group IY especially in dark muscle. :'IIolecular species of (16: 0) (22: 5), (16: 0) 
(20: -1), (17: 1) (22 : 6), (20: 5) (18: 0), (18: 0)(20: 5), (22: 6)(18: 0) and (18: 0) 
(22: 6) can be named in this group (see also Fig. IV-9). 

Figure IV-3 shows the chromatograms of bottom fish captured in OctDber, 
December and :\Iay. These fish are extremely outstanding since the most predomi­
nant component of these fish is (16: 0) (20: 5) instead of (16: 0) (22: 6) unlike other 
fish examined (see also Fig. IV -12 and Fig. IV -13). 
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derind from lecithin of fish muscle, captured in 1980-1982 

i 

Rock Alaska Chum Blue Mackerel Carp 
Rainbo,,· 

fish pollack salmon * shark shark trout 

0.07 

1.11 2.69 :3.27 1.0-1 1.30 1.11 0.97 

0.3-1 0.31 0.69 0.17 

26.50 -11.88 35.19 22.82 3-1.80 32.28 29.70 

6.51 0.57 0.-15 5.-10 3.60 2.59 3.30 

1.:33 0.:37 1.0-1 0.-15 trace 0.39 

0.91 0.-19 0.-13 trace 0.:32 

1.63 0.82 0.78 8.93 2.80 3.08 3.-16 

16.-19 12.32 6.26 10.0-1 lUO 16.71 29.75 

0.66 0.-16 0.33 0.77 0.60 9.06 8.60 

0.21 0.:35 0.35 trace 0.18 

0.29 0.56 

0.71 1.15** trace 1.16" 

0.56'* 1.65* * 2.00 1.31 

U.S trace 1.13 

0.82 U2 

3.5-1 0.88 1.07 3.60 -1.80 3.85 0.86 

13.83 16.79 8.79 10.92 11.30 6.:39 1.79 

trace 0.10 

0.05 

0.1:3 trace 0.07 

0.83 1.70 trace 0.31 

1.3-1 0.55 0.89 6.01 2.50 1.17 0.83 

2-1.21 19.93 39.62 2-1.56 2-1.90 20.67 1-1.69 

0.56 

0.06 

I 
0.2-1 1.11 

i 

The chromatograms of big-eyed tuna, Alaska pollack carp, rainbo',· trout are 
sho\yn in Fig. IV-±, and the chromatograms of rock fish, blue shark, mackerel shark 
rainbo\y trout are sho'wn in Fig. IV-5. Throughout the chromatograms in Fig. IV-± 
and Fig. IV-5, (16: 0) (22 : 6) is the most predominant peak though in case of Alaska 
pollack, it contains (16: 0) (22 : 6) and (16: 0) (20: 5) almost equally (shown by 
arro\ys in Fig. IV-±, see also Fig. IV-Ei and Fig. IV-30). The similarity among fresh 
\yater fish and cartilaginous fish is the Yery few content of group I i.e. the molecular 

- 285 



'Q 00 
0> 

Table IV-fi. FaLLy aeid eomposiLioIl of diglyeeride aeeLaLe dprived from leeit,hin of n"h musele, C!Lpt,ured in WS:!-IHS·I 
-~-.~ ---~ ------_ ... - ~-

~ 
Hardine Mackerel Big-ey(~d Brown SaIld Roel, Ala"lm 

FatLy acid DM WM DM WM Luna sole {lounder n"h pollack 

14: 0 I.OS 1.20 0.H2 O.S:! D.7fi 2.77 1.77 I.O:! 2.1:1 

lfi :0 DAI OA:! 0.:3:\ O.:!I (JAB 1.07 O.Hfi 0.:32 O.:H 
](j:(J 2HJ!J :W.:lH 21. lfi 2R I 7 :18.2!) :H.II :\1.22 :3:1A I 2!H] I 

lG: I ]A:! 1.2fi lA2 1.:).1 1.00 7.fifi 2.:l!l :t7G U)(i 

17: (J O.fil O.fiO 0.7S 0.'1:\ 1. 7fi 1.7S 1.11 0.7,1 OAG 

17: I D.·II 0.:\:\ 0.fi7 O.GB O.S,] O.S·I O.!)I O.(j,J. O.8G 

IS : () O.SH D.71 fi.,H :3.0fi 2.2H 2.:IH 1.70 U)f) 0.7,1 

IS: I fi.02 2.11 lfi.!):! 10.2,1 2:3.()2 11.:\1 lO.77 IS.!):\ l:t:H 

IH: 2 OAn O.GO I.H!) n.!)!) om OAG 0.70 lAO 1.2:\ 

I!): I or IH:·I 0.17 O.fil 0.'17 D.:\I 0.:\:1 0.:37 OAfi 

1!J: 2 0.17 0.70 0.2S 0.2:1 OA!) 

20: 0 0.11 0.:\:1 UD 0.2:1 0.12 IJ)fi I.SG 

20: I 0.12 0.72 0.!)8 0.07 2.2·1 O.7fi :HJ2 

20: 2 0.11 0.14 O.:\:! O.OS O.Oli 0.21 0.1·] 

20: :1 2.!J!) 0.12 ·1.21; 0.1:\ 0.1 :3 ·1.(;,1 0.17 O.IS O.OG 

20: ,I 0.1fi 2.:3fi :t7,] fi.!)(j n.I!) ·1.70 :1.S7 2.21 

20: fi IRHfi 1,1.20 lGA I IG.7H :3.7,1 IS.fi:1 2fi.12 10.02 2·UI; 

22: I 0.1 I 0.27 

22: :\ 0.21 0.1 D 0.2fi O.2H 1.:12 D.70 O.I!) 0.2,1 

22: ·1 D.!) I D.71 D.HO D.70 2.fil O.:3fi OAI 0.,17 0.11 

22: fi 1.0H (J.!JH 2..lfi I.Sfi 0.'1:3 :3. 7 I 2.G2 I.IH O.fi(j 

22: Ii :)(i.()(i :37.2·1 2.J.(iH 2!J.I I 21.0G 7.1:1 !J.S!) 20.2G IS.GS 

others ·UJS 0.2:3 0.20 (J.()8 O.OG O.2H 0.21 O.Ofi O.DI 

DM: Dark Illusele. WM: WhiLe Illusele. 

Rainbow 
Lrout 

1.27 

0.22 

:3G.n 

::3.01 

0.2:3 

O.lfi 

I.H I 

12.S1 

fi.n7 

O.G:l 

O.2fi 

O.:H 
O.lfi 

0.:\0 
2.!)!) 

0.2!) 

fi.no 

0.22 

O.2fi 
1.0,1 

2fi.:jfj 

O.O!J 

~ 
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>Tj 

'" " 3l p.. 
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TAKAHASHI: Identification of Lipid jlolecular Species 

P';'CKE.;:.E:LPC a. 
(Dcr):r-,:.tSc\eJ 

1.0 60 min 

l.0 60 min 

Fig. IY-2. HPLC chromatograms of mackerel muscle lecithin. 
a: Captured in 198:2 b: Captured in 198:3 
:\umbers as in Fig. IY-l. 

species composed of highly unsaturated fatty acids such as (20 : 5) (20 : 5), (20: 5) 
(22: 6) and (22: 6) (22: 6) (see also Figs. IV-lS-21), although the former contains 
less amount of molecular species t.hat contains 20 : 5. The content of group I differs 
significantly in t.he case of big-eyed t.una. This is seemed tD be the result of 
differences in days of frozen stDrage since other freshly prepared migratory fish 
examined contains group I abundantly. 

Figure IV-6 shows the chromatDgrams of chum salmon. As it is eyident from 
this Fig. IV-6, chum salmons under feeding migration are extremely rich in (16: 0) 
(22: 6) (see also Fig. IV-16 and Fig. IV-17). 

Obsen-ations t.hroughout Figs. IV-7 - 32 giye information that t.he molecular 
species with the combinations of saturated fatty acids such as (16: 0) (16: 0) and 
(16: 0) (IS: 0) are found only in big-eyed tuna. The reason \yhy those are not 
found in other fish is considered t.hat. the melting point of (16: 0) (16: 0) or (16: 0) 
(IS: 0) is higher than ot.her molecular species observed so that the liquid crystal 
conformation of cell membrane composed of t.hese saturated molecular species might 
be convenient for the warm em-ironment and inconyenient for the cold em-ironment. 

It. has been widely accepted that the amount of phospholipid of muscle is almost 
constant. But the expressions by mg/l00 g muscle of each lecithin molecular 
species (Figs. IV-22 - 32) sho\y that enn the amount of lecit.hin changes in a 
considerable degree. 

As it is obsernd throughout the figures, predominant molecular species are 
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Fig. 1\'-:3. HPLC chromatograms of brown sole and sand flounder muscle lecithin. 
a: Captured in 1982 b: Captured in 1983 
~umbers as in Fig. 1\'-1. 

usually composed of 16: 0,18: 1, 20: 5 and 22: 6 such as (20: 5) (20: 5), (20: 5) (22: 
6), (22: 6) (22: 6), (18: 1) (20: 5), (18: 1) (22 : 6), (16: 0) (20: 5), (16: 0) (22: 6) and 
(16: 0) (18: 1). Figure IV-33 illustrates the amount of (20: 5) (20: 5), (20: 5) (22: 
6), (22: 6) (22: 6), (20: 5) (18: 1)+(18: 1) (20: 5), (22: 6) (18: 1)+(18: 1) (22: 6), 
(20: 5) (16: 0)+(16: 0) (20: 5), (22: 6) (16: 0)+(16: 0) (22: 6) and (18: 1) (16: 0)+ 
(16: 0) (18: 1) by radar charts, These charts are shown in sequence of elution 
(clockwise) and the original data have been employed from Figs. IV-7 -21, As it 
is e\-ident from this Fig, IV-33, the predominant peaks composed of 16 : 0, 18: 1, 20 : 
5 and 22 : 6 well characterize the characteristics of each fish. BottDm fish such as 
bro\n1 sole and sand flounder is of outstanding owing tD the ratio of (16: 0) (20: 5) 
and (16: 0) (22: 6). All other fish except Alaska pollack contains (16: 0) (22: 6) as 
the most predominant component while Alaska pollack contains both component 
almost equally. From the \-iew point of seasonal variation, rainbo\y trout shows an 
extraordinary change. It is considered that the closed em-ironment of this fish 
forced the changes of lecithin for the adaptation, Fatty fish such as sardine and 
mackerel also show considerable changes compared with other marine fish examined. 

Section 3. Characterization of Each Fish 
by Principal Component Analysis 

Principal component analysis (peA) is well known as the most representative 
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I I I I I I V 

SIG~EYED TUNA PC a. 

- - l!.O mm 

i A:...ASr..; FClLACK F~ a. 

~I I 
i10l,J!r\~ 

:t(~ 
20 .t::; 5.:3 ;::1;--

.0 £0 'OJ 

Fig. IY -4. HPLC' chromatograms of big-eyed tuna. Alaska pollack. carp and rainbo,,' 
trout muscle lecithin. 
a: Captured in HI81. b: Captured ill HI84 for Alaska pollack and a: Frozen 1981. 
b: Frozen 1983 for big-eyed tuna. 
Carp is the sample of 1980 and rainbow trout is the sample of 1983, 
:\ umbers as in Fig. IY-1. 

way of multiyariate analysis, PCA giyes informations on alloyer relatin relations 
of multiyariate data of mulitiple samples at the same time. 

Fig. IY -3-1 illustrates the dispersion of data on the second dimensional plane 
(-1:"1' ..:\"2 co-ordinate) as an example of explanation of PCA. If we consider new axes 
on the same plane such as Z1 and Z2, the projection of each data (shown by arrow) 
on Z1 axis well represents the characteristics of this set of data. Namely. ,,'e can 
decrease the dimension from second (plane) to first (line) with the smallest informa­
tion loss. In this example, yariates are only two. But if we expand this concept 
on multiple yariate (multiple dimensions). and then if \ye decrease the dimension 
with the smallest information loss, such as, up to third or second dimension, this will 
become a so called PCA. In this study, the multiple dimension is decreased to 
second demension for the ease of comprehension of the whole ,-ie\Y of data. Fig. 
IV-35 shO\ys ho\y to interpret the print out from the computer on PCA analysis. 
The axis named as large number 1 is the first principal component and the axis 
named as large number :2 is the second principal component. First principal 
component has the meaning of .. the axis that represents the data most," and second 
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100 min 

Fig. 1Y-5. HPLC chromatograms of rock fish. blne shark. mackerel shark and rainbo,Y 
trout muscle lecithin. 
a: Captured in 1982 b: Captured in 198:3 
Blue shark and mackerel shark are the samples of 1982. 
X nmbers as in Fig. 1Y-1. 

principal component has the meaning of "the axis that represents the data next to 
the first principal component". Vectors shown as broken lines stand for component 
loadings. For example, suppose ,-ector A stands for water content, B for protein 
content and C for lipid content, water content is almost negatively correlative with 
lipid content and at the same time, no correlation with protein content. Suppose if 
we ha,-e data number 1 and number 2, we can get the following informations: 

Water content : number 1> number 2 
Lipid content : number 1 <number 2 
Protein content: number 1 = number 2 

By introducing this PCA, the whole ,-iew of all fish examined can be summar­
ized in one or two planes with the minimum loss of information. 

The computer program used for PCA was the modified program of "Personal 
Computer Library, Vol. 3"48). The original program was written for NEC PC-SOOl 
personal computer. But it was modified for NEC PC-SSOI mkII personal computer, 
for instance, the arrangement of the program was changed into N-SS BASIC, and the 
character mode was changed into graphic mode. 

Table IV-6 shows the print out from the computer. In this Table, "Number of 
Yariables S" are the main molecular species which have been discussed on the radar 
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Table IY-6. Print out of mean and standard deyiation of the amount of all fish muscle 
lecithin examined, and print outs of correlation matrix among the main molecular 
species, eigenn.lues as well as contributions and finally component loadings 

* * * * *PRIXCIPAL COlIPOXEXT ASALYSIS* * * * * 
Xumber of Variables 8 
Xumber of Sample 26 

YARIABLE 

2 
:3 
-! 
5 
6 
7 
8 

:. Correlation }Iatrix 

:2 OA55 1.000 
3 0.279 0.965 
-! OA3-! 0.980 
5 0.170 -0.052 
6 0.503 0.030 
7 0.361 0.802 
8 -0.197 -0.112 
TRACE=8 

3.539 
19.969 
22.352 
23.121 
8.587 

39.97-! 
93.237 
11.161 

1.000 
0.935 

-0.019 
-0.139 

0.78-! 
-0,106 

1.000 
-0.031 
-0.011 

0.75,5 
-0.075 

COJIPOXEXT *EIGEXVALl~E 

3.860 
1.5:32 
1.088 
0.87-! 

5 OA72 
6 0.133 
I 0.036 
8 QOO-! 

*'(COJIPOXEXT LOADIXG. 

2 0.983 -0.1:36 0.0:28 
3 0.935 -0.299 O.lU 
.! 0.9,58 -0.171 0.053 
5 -0.02.! 0.2.!3 0.8M 
6 0.160 -OA13 
7 0.87:3 
8 

were 

-0.022 
-0.07-! 

0.009 
OA07 
0.110 

S.D. 
5.895 

38A80 
39.263 
57.776 
15.36-! 
-!6.670 
76.259 
22.,591 

1.000 
-0.052 
-0.080 
-0.101 

0/ 
/0 

-!8.2,52 
19.155 
1:3.602 
10.929 
5.906 
1.658 
OA-!6 
0.053 

0.0.59 
-o.on 

0.095 
-0.212 

1.000 
0.307 

-0.181 

-0.087 
-0,01-! 
-0.159 
-0.028 
-0.165 

0.23:3 
-0.026 

1.000 
-0.03-! 1.000 

ACC. ~o 
-!8.252 
67A07 
81.009 
91.9:38 
97.8-!3 
99.501 
99.9-!7 

100.000 

0.03.! -0.052 
0.126 0.032 

-0.1:23 0.021 
-0,002 -0.00:2 

0.029 0.005 
-0.0.!7 -0.00:3 

0.01.! 0.001 

Component loading corresponds to the scalar of the eigenYector on PCA. 
The row and the column are ,-ariable numbers same with those in the footnote of Fig. IY-36. 
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Table IY-7. Print out of the principal loading (component score) of each fish on PCA 

. PRIXCIPAL LOADIXG; 

:2 :3 

16.8:21 -:2 .. 5:24 
:2 :2.:2:28 1.:39:2 0.07:3 -0.59:2 
:3 1.467 0.958 0.880 -OA64 
4 1.5:26 -0.714 OA78 -0.705 
5 1.489 -0.:246 0.:368 -0.50:3 
6 0.1.51 0.536 :3.:374 l.515 
7 : -0.810 0.248 -OSi3 ()'264 
8 0.198 0.:315 1.;}97 OA90 
9 -1.240 -0.65.5 0.715 -0.310 

10 2.616 -0.146 0.:241 -0.569 
11 1.607 3.878 U:28 1.2:26 
12 -2.:2:24 -0.105 0.0:34 -OAO:2 
13 -0.773 1.472 0.742 -OAOO 
14 -Li87 0.511 -0.:326 0.624 
15 1.540 -0.215 0.2·14 0.22:3 
16 -2A54 0.635 0.12:3 -0.640 
17 5.297 4.:346 -2.244 0.512 
18 1.100 OA53 0.285 -0.200 
19 0.:382 -0.550 0.022 -0.371 
20 -0.608 -0.19:3 OA62 -0.05:) 
21 -1.260 -0.513 OA17 -OAOI 
22 -1.550 0.282 -OA57 -0.646 
2:3 -0.667 0.204 1.129 0.214 
24 -2.052 -0.663 -0.545 -0.052 
25 ! -2.843 2.996 - 1.932 :3.310 
26 1.610 -0.561 0.515 -0.185 

1. Sardine PC(Dark muscle). July 1982 
:3. Sardine PC(White muscle). July 198:2 
5. :'Iackerel PC(Dark muscle). July 1982 
I. :\Iackerel PC(White muscle). July 1982 
9. Big-eyed tuna PC. Frozen 1981 

11. Brown sale PC. Oct. 1982 
1:3. Sand flounder PC. Dec. 1982 
15. Rock fish Pc. Oct. 198:2 
17. Alaska pollack PC. Dec. 1981 
HI. Chum salmon PC. :\lale. June 1980 
21. Chum salmon PC. Female. Aug. 198:3 
23. :\Iackerel shark PC. July 198:2 
25. Rainbow trout Pc. Sep. 198:2 

Column 
1. (20: 5)(20: 5) 2. (:20: 5)(:22: 6) 
4. (:20: .5)(18: 1)-(18: 1)(20: .5) 
6. (:20: 5)(16: 0)-(16: 0)(20: 5) 
8. (18:1)(16:0) (16:0)(18:1) 

8 

0.002 
0.:269 -0.050 0.002 -0.008 

-OA99 0.074 0.ll:3 -0.006 
0.140 0.003 0.043 0.00:2 
0.053 -0.100 O.O:W 0.004 

-0.849 -0.1:29 -0.012 -0.002 
0.:347 -0.01:3 0.050 0.005 

-0.836 0.010 -0.018 -0.000 
-0.n:3 0.055 0.045 0.01:2 

0.:276 -0.04:2 -0.019 -0.002 
1.54.5 0.156 0.007 0.002 
0.052 -0.164 -0.019 0.002 
0.1:36 0.148 -0.015 -0.000 
0.:291 0.133 -0.015 0.001 
0.237 -0.011 0.005 -0.005 
0.:320 -0.065 -0.009 -0.002 
0.650 -0.086 -0.005 0.000 
0.1:28 -O.lH -0.014 0.000 

-0.232 OA6.5 -0.022 0.001 
0.096 0.105 O.ol7 -0.010 
0.082 0.070 0.019 0.00:2 
0.118 0.050 -0.039 -0.001 

-0.500 0.177 -0.073 0.000 
0.061 -0.0.57 -0.0:26 0.00:2 
0.288 0.026 0.017 -0.001 

-0.046 0.059 -0.0:3:3 0.000 

2. Sardine PC(Dark muscle). Oct. 1983 
4. Sardine PC(White muscle). Oct. 198:3 
6. :\Iackerel PC(Dark muscle). Oct. 1983 
8. :\lackerel PC(\Yhite muscle). Oct. 198:3 

10. Big-eyed tuna PC. Frozen 1983 
1:2. Brown sale PC. :\lay 1983 
U. Sand flounder Pc. :\la)' 198:3 
16. Rock fish PC. July 1983 
18. Alaska pollack PC. Jan. 1984 
20. Chum salmon PC. :\lale, Aug. 1983 
:2:2. Blue shark PC. June 1982 
24. Carp PC. Sep. 1980 
26. Rainbo\\' trout PC. :\lay 1983 

3. (22:6)(:22:6) 
5. (22: 6)(18: 1)-(18: 1)(:22: 6) 
7. (22: 6)(16: 0)-'-(16: 0)(:22: 6) 
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CHUM SAll\ON Pc' MALE 
(FeedIng mIgratIon) 

CHU,~ SAll\ON PC, FEMALE 
(Feeding migration) 

60 80 100 min 

Fig. IY-6. HPLC chromatograms of chum salmon muscle lecithin. Both 
are the samples of 198:3. 
:\umbers as in Fig. IY-l. 

chart in Fig. II,' -33, namely, those corresponds to the footnote in Table IY -I shmyn 
as ·'Column". "Number of Sample 26" are the fish examined and those are also shmyn 
in the footnote of Table IV-t. "MEAN" is the ayerage amount of each molecular 
species mg/lOO g muscle. "S.D." is standard de,-iation. "Correlation Matrix" shows 
the correlation of each yariable (molecular species). "EIGE:N'-YALUE" is calculated 
by the Jacobi method from correlation matrix, "%" shows the contribution for the 
information of the \\"hole data of each principal component and "ACC.%" is the 
<lccumulative yalue of these .. % '". "<CO}IPOKEKT LOADING)" is the scalar of the 
eigenvector (see Fig. IV-:33). 

In Fig. IY-36. eigenvectors of major molecular species are shown as small 
numbers on the first and second principal component plane. These are dra\yn up 
from the print out of "<CO}lPOKEKT LOADIKG)" in columns 1 and 2 in Table 
IV-6. And in Fig. IV-3t, eigenyectors of the same molecular species are generated 
on the first and third principal component plane. And these are drawn up from the 
print out of "<CO}IPOXEXT LOA.DIKG)" in columns 1 and 3 in Table IY-6, 

"<PRINCIPAL LOADING)" in Table IV-I is the print out of principal loading 
of each fish which shows the position on the PCA plane. For example, the cell in 
the I-th row, the I-th column shows the distance on the first principal component. 
and the cell in the I-th ro\\", the 2-th column shows the distance on the second 
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::':. - .... , c~· 

~ ,;:." c.. ::':.:.'" 3:,.:.,: ~:; 

Fig. IY -:33. Radar charts of major molecular species of fish muscle lecithin, in relatin °0' 

Solid lines are the ones captured in 1983-198-1. and the broken lines are the ones 
captured in 1980-1982. 

principal component. These principal loadings were plotted on the first and second 
principal component plane as shown in Figs. IV-38--10 and on the first and third 
principal component plane as shown in Figs. 11/--1-1 - -16 in different scales. 
Eigenyector of Fig. 11/-36 is for Fig. 11/-38 and that of Fig. 11/-37 is for Fig. IV-H. 
As shown in Fig. 11/-38, sardine dark muscle has a drastic seasonal change (points 
number 1 and number 2). And among the white flesh fish, Alaska pollack has a 
large seasonal change (points number 17 and number 18). The moyement of point 
number 1 to point number 2 is the direction of eigenyector number -1 that shows the 
direction of (20 : 5) (18 : 1) (18: 1) (20 : 5) combinations. So we might say that 
sardine dark muscle has a large seasonal yariation in the molecular species composed 
of 20 : 5 and 18 : l. 

Fig. IV-39 is the magnified figure of Fig. 11,7-38. And Fig. IV--10 is the further 
magnified figure of Fig. 11/-39. From these two Figures i.e. Fig. IV-39 and Fig. 
IV --10, generally speaking, there seems to be a direction on the axis of o\'al shape 
shown in the nlOyement between the same fish except in the cases of sardine dark 
muscle, chum salmon and rainbow trout. This direction coincide with eigenyector 
of (20: 5) (20: 5). Though, further supplementary studies should be done to be 
conclusiye. it is assumed that (20: 5) (20: 5) is the most reflectable molecular species 
against seasonal yariations among the majority of fish. This is more eyidently 
shown in Figs. 11,7--11- -13 in three different scales, and only sardine dark muscle 
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Fig. IY-3·1. Simplest form of PC'A as em 
example. 
The arro"- shows the projection of each 
data on the axis of first principal 
component. 
This Fig. is quoted from .. Tahenryo 
liaisekiho" written by T.Okuno. H. 
Kume. T. Haga and T. Yoshiza"-a. 
Published by :'\ikkagiren Shuppan­
sya. Tokyo. 1977. 1-1 pp. (In Japanese). 

A a"----l 

/ 
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.. 1 

.. 2 

C: i '___ b: 1 ** 
~ I ---------.J

s / 
t··· c

" 

CO:TIJonent A: ilu;:]ber 1 > rlu:nber 2 

Comoon€nt B: NlJ:iiber 1 "" Number 2 

COiliPonent C: Nu:nber 1 < riUiTiber 2 

3": Seal.:!" 0:: :h" 
=.,': SC2L..r of ::b:: 
c': Sc ... lar' of the 
c": SCilla, of :.:h", 

.,~ Second ?=incipal co::?onent. 

** Fi::;:-st principal co::?onent. 

0: cO:::?~;l.",;l.: .; on secane ;::ri;l.ci;::<:l1 cc:::;:o::"nt. 

~~ ~~~~~~:~~ ~ ~~ ~~~~~~:~~: 
0: co:::;::,,;'!;:::;:: C (':1 co:::;::o::;;:n ... 

Fig. II' -35. Interpretation of the results of 
PC'A as an example. 

(shown as A), chum salmon (shmYll as B) and rainbow trout (sho,yn as C) haye 
different directions. As it is ,yell known, the general characteristics of these three 
fish are as follows: 

Sardine dark muscle: 
Chum salmon 
Rainbo'y trout 

Drastic change in lipid content_ 
Migration from sea to rinl'. 
Fresh water fish. 

So, these characteristics might affect the molecular species of muscle lecithin. 
Through Fig. IY-H to Fig, IY--!6 show the distribution of each fish on the first 

and third principal component plane. The outstanding deyiated points are those of 
sardine dark muscle (point number 1) and Alaska pollack (point number 17) as it is 
seen in the first and second principal component plane. Those of rainbow trout and 
mackerel dark muscle also han a deyiation in this plane, but not so large as it is in 
the cases of sardine dark muscle and Alaska pollack. Figure IY --! 7 through Fig. 
IY--!9 shmy the seasonal yariations by lines on the first and third principal compo­
nent plane. It is hard to find a general moyement of molecular species in this plane 
according to the seasonal ,-ariation unlike it is obsernd in the first and second 
principal component plane. 
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2 

-4 
3 

Fig. IY-:36. Eigenwctors of major molecular 
species of fish muscle lecithin on the 
first and second principal component 
plane on PCA. 
1. (~0:.5)(20:5) 
2. (:20: ;5) (22 : 6) 
:3. (22: 6) (22: 6) 
4. (20:5)(18:1) (18:1)(20:5) 
5. (22: 6) (18: 1)-(18: 1) (22: 6) 
6. (~O: 5) (16: 0)-(16: 0) (20: 5) 
/. (22: 6) (16: 0)-(16: 0) (22: 6) 
8. (18:1)(16:0) (16:0)(18:1) 

3 
s] 

1 
1 

Fig. IY-:3i. Eigenwctors of major molecular 
species of fish muscle lecithin on the 
first and third principal component 
plane on PCA. 
Eigenwctor numbers as in Fig. 1\'-:36. 
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Fig. 1\'-38. Plots of principal loading of 
each fish on the first and second princi­
pal component plane on PCA. 
Refer to the eigenwctors in Fig. 1\'-:36 
as background of this plane. 

1. Sardine PC (Dark muscle). July HI82 
2. Sardine PC (Dark muscle). Oct. 1983 
:3. Sardine PC (White muscle). July 1982 
4. Sardine PC (White muscle). Oct. 1£18:3 
5. :\lackerel PC (Dark muscle). July 1982 
G. :\lackerel PC (Dark muscle). Oct. 198:3 
I. :\lackerel PC (White muscle). July 1982 
8. :\lackerel PC (White muscle). Oct. 198:3 
9. Big-eyed tuna PC. Frozen 1£181 

10. Big-eyed tuna PC. Frozen 198:3 
11. Brown sale PC. Oct. 1982 
12. Brown sale PC. :\lay 198:3 
1:3. Sand flounder PC. Dec. 1982 
14. Sand flounder PC. :\lay 198:3 
15. Rock fish PC. Oct. 1982 
16. Rock fish PC. July 198:3 
I i. Alaska pollack PC'. Dec. 1981 
18. Alaska pollack PC. Jan. 1984 
19. Chum salmon PC. :\lale. June 1£i80 
20. Chum salmon PC. :\lale. Aug. 198:3 
21. Chum salmon PC. Female. Aug. 198:3 
22. Blue sllllrk PC .. J une 1982 
~:3. :\lackerel shark PC. July Hi82 
24. Carp PC. Sep. 1980 
:2.5. Rainbow trout Pc, Sep. 1£i82 
26. Rainbo\\' trout PC. }hy Hi8:3. 
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2 

02.5 

Fig.1Y-39. Plots of principal loading of 
each fish on the magnified first and 
second principal component plane on 
PCA. 
Refer to the eigenvectors in Fig. 1Y -:36 
as background of this plane. 
Sample numbers as in Fig. 1Y-38. 

2 

/c 

Fig.1Y-41. )Iovement of the plots of each 
fish between the two different seasons 
on the same plane in Fig. 1Y-38. 
Line A: Sardine PC (Dark muscle) 
Line B: Chum samon PC. )Iale 
Line C: Rainbo\\' trout PC 
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Fig. IY-40. Plots of principal loading of 
each fish on the highly magnified first 
and second principal component plane 
on PCA. 
Refer to the eigen.-ectors in Fig. IY-36 
as backgronnd of this plane. 
Sample numbers as in Fig. IY-38. 

2 

Fig. 1Y-4~. )Io'-ement of the plots of each 
fish between the two different seasons 
on the same plane in Fig. IY-39. 
Line _-\: Sardine PC (Dark muscle) 
Line B: Chum salmon PC. )Iale 
Line C: Rainbow trout PC 
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2 3 

-----ill 

Fig. 1\'--13. ~Io,-ement of the plots of each 
fish between the two different seasons 
on the same plane in Fig. 1\'--10. 
Line A: Sardine PC (Dark muscle) 
Line B: Chum salmon PC. ~Iale 
Line C: Rainbow trout PC 

3 
I 

on 

Fig. 1\'--15. Plots of principal loading of 
each fish on the magnified first and 
third principal component plane on 
PCA. 
Refer to the eigenvectors in Fig. 1\'-37 
as background of this plane. 
Sample numbers as in Fig. 1\'-38. 
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Fig.I\,-U Plots of principal loading of 
each fish on the first and third princi­
pal component plane on PCA. 
Refer to the eigem-ectors in Fig. 1'1,'-37 
as background of this plane. 
Sample numbers as in Fig. 1\'-38. 

011 

o2S 

Fig. 1\'--16. Plots of principal loading of 
each fish on the highly magnified first 
and third principal component plane 
on PCA. 
Refer to the eigenvectors in Fig. 1\'-37 
as background of this plane. 
Sample numbers as in Fig. 1\'-38. 
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3 

Fig. 1Y--±7. :'IIowment of the plots of each 
fish bet\wen the two different seasons 
on the same plane in Fig. 1Y -·H. 

Fig. 1Y -..l8. :'IIo,·emem of the plots of each 
fish between the two different seasons 
on the same plane in Fig. IY -..l.5. 

3 

Fig. IY --19. :'IIo\"ement of the plots of each 
fish between the t\'·0 different seasons 
on the same plane in Fig. 1Y--16. 

Section 4. Changes in Fish Muscle Lecithin of 
Chum Salmon during Migration 

Total lipids were obtained in the same "lyay as described in section 1 from the 
fish muscle of chum salmon tabulated in Table IY-S. Lipid composition analysis as 
"lYell as molecular species analysis "lYere also done in the same manner as described in 
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Table IV -8. Chum salmon (OncorhYlichus kela) examined 

Stage of migration and sex j1ean body length and weight 
Date of catch Locality of catch 

Feeding migration, j1ale 42.7 em, 1367 g, 
Aug. 1983 45'59' -49'29'~, 161'01' -175'30'E, 

Feeding migration, Female 46.8 em, 1593 g, Aug. 1983 45'59' -49'29'~, 16/'07' -175'30'E, 

Spawning migration, j1ale 63.0 em, 3267 g, 
Oct. 1983 Sea run Yakumo-cho, Hokkaido, Japan 

Spawning migration, Female 64.3 em, 3573 g. Oct. 1983 Sea run Yakumo-cho, Hokkaido, Japan 

Spawning migration, jlak 73.0 em, 5000 g, 
~oy. 1983 

River Yukumo-cho, Hokkaido. Japan 

Spawning migration, Female 70.0 em, 4740 g, XOY. 1983 RiYer Yakumo-cho, Hokkaido, Japan 

Spent, ;}Iale 74.2 em, 5140 g, Xov. 1983 Yakumo-cho, Hokkaido, Japan 

Spent, Female 72.7 em, 4273 g, XOY. 1983 Yakumo-cho, Hokkaido, Japan 

Table IV-9. Lipid composition of chum salmon muscle examined 

Lipid Xon-phospholipid * * Phospholipid *. I 
IPC mg 

Yield * ~P 1 
PL 1

100 
g TG FFA ST PC PS--'-PE th - muscle Sample others 0· er~ 

Feeding migration. 10,4 92.1 0,4 0.7 0.2 I 2.3 3.6 0.7 I 230 jlale 

Feeding migration, 12,4 94.1 trace 0.7 0.7 I 1.3 2.9 0.3 161 Female 

Spawning migration. 
1.1 40.7 0.8 4.7 1.1 19.3 29.8 3.6 212 jIale (Sea) 

Spa\ming migration. 
1.4 49.9 trace 2.6 0.3 17.3 26.7 3.2 242 Female (Sea) 

Spawning migration. 
1.3 40.7 5.7 6.2 trace 12.7 :32.9 1.8 165 )1ale (RiYer) 

Spawning migration. 
1.6 41.5 2.6 15.5 0.1 ! 9.2 28.1 3.0 147 Female (RiYer) 

Spent. 
1.1 32.7 22.5 4.3 5.2 12.2 11.2 11.9 132 jIale 

Spent. 
0.9 11.6 19.9 7.8 5.5 19.1 15.9 20.2 172 Female 

See the abbre\'iations in the opening. 

- g 100 g muscle. .- g 100 g total lipid. 
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Table 1Y-1O. Fatty acid composition of diglyceride acetate deriYed from lecithin of 
chum salmon muscle 

-1.58 3.10 1.98 2.78 3.34 3.74 :3.49 :3 .. 53 

15: 0 0.82 0.68 0.37 OA2 OA:2 0.44 0.37 0.32 

16: 0 :29.0:2 32.:26 :30.02 :26.8-1 :23.9,5 :28.61 29.51 26.15 

16: 1 1. 79 1.:38 1.66 :2.19 :2.60 :2.56 :2Al 1.8:3 

17: 0 1.14 0.9:2 OA3 0.38 0.61 0.50 0.35 OA8 

17: 1 OA4 0.37 0.:25 0.16 0.:36 0.25 OA:2 0.27 

18: 0 1.03 1.11 0.72 0.59 1.2:3 0.52 lA5 0.83 

18: 1 8.-13 8.27 6.-10 -1.68 5.0-1 7.25 9.65 6.6-1 

18: 2 0.51 0.,52 0.37 0.51 0.~14 0.64 0.60 OA6 

19: 1 or 18: 4 OA6 0.63 0.97 0.97 0.:34 0.39 

19: 2 0.69 0.56 1.:36 1.19 0.:3:3 0.49 

20: 0 1.01 0.77 0.67 0.79 :3.27 trace trace 0.79 

20: 1 0.10 0.10 0.3~1 0.29 2.29 0.52 1.11 0.05 

20: :2 0.11 0.09 0.06 0,04 0.:3:3 0.14 

:20: 3 0.65 0.58 0.13 0.13 0.06 0.9:3 0.S8 

:20: 4 0.79 0.67 1.54 1.S3 3.00 LSO OAI 0.51 

20: 5 llA9 1O.1S 1,5.00 16.2:2 19.00 23.66 15.S7 16.96 

2:2: 3 0.07 

:2:2: 4 OA2 0.34 0.18 0.19 0.12 

22: 5 1.05 0.98 1.16 1.87 2A8 1.93 1. 75 2.37 

2:2: 6 35.00 36AO 38.:20 39.30 28.77 :25A3 :30.67 :36.70 

orhers 0.77 0.73 0.01 0.13 0.:31 0.01 0.03 

% in muscle lecithin. 
* Sea run. " River. 

section 1. PCA analysis \\-as done in the same \yay as described in section 1. 
Table IV-9 shows the yield of total lipid and the percentage of each lipid class 

against total lipid. And on the right end of this table, the lecithin amounts;, 100 g 
muscle are shOl\'11. Though there is a drastic drop in the amount of total lipids and 
triglycerides between the stage of feeding migration and sptnming migration, the 
amount of lecithin ranges between 161-230 mg/lOO g muscle. 

In Table IV-lO, changes in fatty acid composition of diglyceride acetates (this 
represents the fatty acid composition of lecithin) during migration are shown. At 
the lewl of this analysis. not any significant differences are obserwd amoung the 
four stages. 

HPLC chromatograms of each stage of migration are shown in Fig. IV-50 and 
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20 40 

CHL',"I S~u":D~i, :--J,LE 
(Feejjn;J ;Jjgratlon) 

60 60 

60 60 

CHU,'1 SAL~OlL l"J.lE 
(Soc"rinlng migration) 

100 min 

100 min 

J River 

V\/~/~ 
20 LO 

40 

60 60 

CHU,'1 SAl1".ClN, f"ALE 
(Spent) 

100 min 

60 60 -~IO;;;;OAm-"-in---

20 40 

20 40 

CH!J:1 SA.L ..... Jli, fE.l"cALE 
(Scc,-mlng r:ljgrOtionl 

Sea 

60 
\---;;;;--~ 

80 100 min 

CHU,'1 SAu .... O~L FE!".ALE 
($o::;,;nlng ;;}lgrotlon) 

River 

60 60 100 min 

Fig. IY-.50. HPLC chromatograms of chum salmon muscle lecithin on each stage of 
migration. 

the appreciable amount molecular species of lecithin in sequence of elution on 
HPLC with the percentage data are shown in Figs: 11,7-51-54. As it is obyiously 
seen in these figures chum salmon at the stage of feeding migration has (16: 0) (22: 
6) as the most outstandingly predominant peak (shown by arrows in Fig. IV-50) 
compared with other three stages. At the stage of spawning migration, this peak i. 
e. (16: 0) (22 : 6) becomes relati-'\-ely smaller. Up to these two stages, the chromato­
graphic patt€rI1s are analogous between male and female. "When the fish starts 
ascending the rinT, drastic decrease in the amount of group III (see the footnot€ of 

311 



~'-' .... 
'0 

%/PC 

10 20 30 
h 

(20:5)(20:5) 

(20:5)(22:5) 

(22:6) (22:6) 

(20: 11)(22:5) 

(20:5)(22:5) 

(22:5) (22:6) 

(16:1)(22:6) ~ c=J Mole 

(ll1:D) (20:5) ~ Felllale 

(111:0) (22:6) 

(17:0) (22:6) 

(18:1)(20:5) 

(22:6) 118:1) 

(18:1) (22:6) 

(16:0) (20:5) 

(22:5) (15:0) 

(lG:O) (22:G) 

(16:0) (22:5) 

Unknmm 

(18:1) (l6:D) 

(16:0) (18:1) 

I<'ig. IV-fll. Mole,,"lal' lipe"i,,, oi' "hlllll 
lialllloll IlIl1lie!" 1""iLhill aL Lh(\ liLage oi' 
i'eedillg llIigmLioll. 
(20: ·1) (22: fl) iii Ilot, stln'. 

40 

%fPC 

10 711 30 40 

(lG:2)(20:<;) 

(20:5) (20:5) 

(20:<;) (22:5) 

(22:G) (22:6) 

(20:Ill (22 :51 

(20:3)(22:6) 

(20:Ill(22:G) 

(22:5)(22:5) 

(JG:.l) (20:<;) 

(JG:l)(22:5) 

(ll1:D) (22:6) 

(J8:l) (20:5) 

(20:5)(16:0) 

c=J Nole 
tt~ FelllClle 

,,0,"""," ~ 
(22:6)(16:0) ~ 

(16:0)(22:6)""\\\\~ 
(16:0) (22:5) 

(J6:D) (20: Ill 

Unknmm 

Fig. IV-fl2. Mob~tllal' speei"li oi' "hlllll 
liallllOIl IlItiliele leeiLhill at, Llw lit,ag(' oi' 

lip'~\\,llillg llIigmLioll (s"a). 
(1.I:O)(20:fl), (17:0)(22:G), (:lO:fl) 

(22 : fl) alld (22: G) ( I Ii: I) '~l'e Lra"" 
alllotlllL. 
(20:-1)(22:fl) alld (20::1)(22:(;) aI''' 
not, sun\ 

::::: 
«) 

p 
>Tj 
po 

" ~ 
'" P" 
:Ii 
o 
e;" 
e;" 
po 
p; 
o 
r: 
S. 
"'! 

'~ 
v: 
~ ,,,, 



~.., ,.... 
00 

(1G:2)(20:5) 

(20:5)(20:5) 

(20:';) (22:G) 

~ 

10 

(22:G)122:(;) ~~"''''=w.~ 
(20:/1l (22:5) ::J 

122:';) (22:G) f~~ 

(20:3)122:(;) 

(22:10122:6) 

%fPC 

20 30 

110: I )l21l: 'i) 

(22:G)(!(;:I) 

\:==J I'lule 
""'\~ Felll(lio 

I IG: I) 122:G) 

I II,:\)) 122:f,) 

120:5) I 18: II 

118: I )(21l:5) 

118: 1)(22:6) 

120: 5) I 16:0) 

I IG:O) 120:5) 

122:G) I1G:O) 

( 16:0)(22:6) 

122:';)116:0) 

(lo:O) (22: 5) 

I IG:O) 120: 10 

UnknOl'l!I l;S? 

I"ig,IV-fi:\. Moleeulal' sp('eies or "hUll, 

saltHou Illuscle le"it.hiu at, t.lH' st,age or 
spawlliug Illigmt.iou (l'iv('I'), 
(1,I:O)(:lO:fi), (J7:0)(:l:l:G) aud 
(:l:l: (i) (IH: I) 111'(' ('I'ne(' nmOIl\l(" 

(2:l: fi) (:l2: G) is uot. SUI'(', 

ZlPC 
10 m ~ 

(20:5)(20:5) 

120:51122:6) 

122:61122:G) 

120: I, II 22: 5) 

122: 51122: oj 

IlG:11120:5J 

IlG:11122:G) 

11I,:01l22:G) 

(18: II (20:5) 

(20:5) I1G:O) 

\:==J (>\alc 
~ Female 

(16:0)(20:5) b~\\i\~ 
(22:G) I1G:O) ,== 
(IG:0)(22:6) ~~\~~~ 
I1G:O) 122:5) 

(16:0)120: 10 

Unknown 

11G:01l18:1) 

IV-fi·!. 
"dmoll Il\uselp 
spellt.. 

or ehulil 
(,!\(' S(,ligP or 

(1,1: 0) (20: fi), (17: 0) (2:l : G) 
(:l:l: ti) (IH: I) al'e I.mee \111\0111\(" 

(20: ·1) (22: fi) is uot, SUI'(', 

aud 

~ 

'" CfJ 
L~11 

>-,3 
;,. 
:T. 
;,. 
III 
;,. 
§ 

...., 
0.. 

'" ::; 
;; 
" ::: 
0' 
::> 
o ...., 
t: 

'd 

0.: 
::::: 
o 

~ 
S 
:; 
ifl 
'd 

'" " rr;' 



Soownlng migration 

Sea rU:i 

116:01 
20:5 ~O 

I~UI 

:lIem. Fac. Fish. Hokkaido Lni,-. 

Feeding mIgration 

116:°1 18:1 

20 

116:°1 18:1 

River 

l~g:~1 
H8J1 PS:OI 18:1 

1.0 
m:~1 

PS:OI 20:; 

Ilt~1 
LO LO 

I~nl 

20 

Il8:§1 LO IlUI 
m:!1 

:XXXII. ~ 

Scent 

l~g:§1 
~O 

I~nl 
20 

LO IlUI 
IlHI 

Fig. I\'-55. Radar charts of major molecular species of chum salmon muscle lecithin on 
each stage of migration. 
- :lIale ..... - Female 
Scales are in 0 0 . PC. 

Fig. IV-l in section 2) especially the molecular species of (16: 0) (22: 6) and (16: 0) 
(20: 5) are obseryed. Unlike the chromatographic patterns at the stage of sea, 
outstanding differences are obsernd between male and female. The contfmt of (22 : 
6) (22: 6) is extremely high follo,\"ed by (20: 5) (22 : 6) in male. Finally at the 
stage of spent salmon, (16: 0) (22: 6) as well as (16: 0) (20: 5) relatively increase 
compared with the former stage in the riYer. These are more concretely seen in 
radar charts of the main molecular species as illustrated in Fig. IV-55. The axes of 
these charts are the same with Fig. IV-33 in section 2. These charts are aiTanged in 
sequence of migration moyement (anticlockwise). It is clearly seen from this figure 
that at the stage of sea run, slight differences in patterns of radar charts can be 
obsernd bet,wen male and female while that of river, outstanding differences are 
obseryed especially at the spawning stage. It is obviously seen from this Fig. IV-55 
that the amount of (16 : 0) (20: 5) is relatinly yery small in feeding migration stage 
compared with those of other three stages. The amount of (20 : 5) (22 : 6) and (22 : 
6) (22: 6) is surprisingly high at the riYer spawning stage. 

The author has employed PCA again as discussed in the pre,-ious section. As 
it is shown in Table IV-IL number of yariables which correspond to the number of 
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1985J TAKAHASHI: Identification of Lipid }Iolecular Species 

Table IY -11. Print out of mean and standard cleyiation of 
the amount of chum salmon muscle lecithin molecu­
lar species troughout all migratory stages 
* * * * * PRI~CIPAL CmIPO~E~T A~ALY­

SIS* * * * * 
Number of Yariables' 31 
~umber of Sample' 8 

1 OA74 

2 4.16:3 

3 16.050 

4 23.849 

5 1.563 

6 0.640 

7 0.531 

8 0.515 

9 0.628 

10 1.549 

11 0.227 

12 3.076 

13 0.785 

14 4.548 

15 0.635 

16 :5.148 

17 0.633 

18 0.331 

19 3.678 

20 1.279 

21 2.105 

22 7.587 

23 19.627 

24 16.170 

25 45.032 

26 0.115 

27 2.051 

28 1.387 

29 8.357 

30 0.195 

31 2.369 

0.681 

1.861 

6.058 

10.126 

1.148 

1.186 

0.831 

1.020 

1.182 

1.568 

OA75 

4.,153 

1.519 

2.561 

1.201 

2.699 

1.270 

0.936 

0.907 

2.385 

2.739 

.5.567 

7.958 

7.630 

19.780 

0.223 

0.879 

1.039 

3.925 

0.368 

2.691 

* Yariable numbers are shown in the footnote of Fig. IV-56 
and samples are shown in the footnote of Table IV-15. 
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1985! TAKAHASHI: Identification of Lipid :'Iolecuhu Species 

appreciable amount molecular species of chum salmon muscle lecithin* 

1.000 
0.757 1.000 

-0.290 -0.539 1.000 
-0.168 0.050 -0.058 1.000 
-0.:3U -0.583 0.982 -0.065 1.000 

0.609 0.796 -0.11-1 0.237 -0.120 1.000 
-0.321 -0.28-1 -0.289 -0.H8 -0.:312 -0.630 1.000 
-0.015 0.297 -OA85 -0.259 -0.527 -O.OH 0.776 1.000 
-0.302 -0.220 -0.272 -0.393 -0.29-1 -0.583 0.981 0.82-1 
-0.215 -0.399 0.931 -0.039 0.8-17 -0.091 -0.2U -0.353 

0.-155 0.811 -0.375 -0.150 -0.H3 0.519 -0.029 0.50-1 
-0.326 -0.363 -0.293 -OA23 -0.317 -0.65-1 0.950 0.635 
-OA58 -OA99 0.238 -OA23 0.220 -0.637 0.827 0 .. 580 

0.289 0.109 0.-181 0.550 OA5-1 0.390 -0.82-1 -0.71-1 
0.719 0.839 -0.387 0.356 -OA60 0.6U -OA33 0.011 

-0.151 -0.U7 0.112 0.3H 0.112 -0.199 0.332 0.365 
0.616 0.583 -0.7-12 -0.033 -0.816 0.110 0.309 OA52 

-0.312 -0.580 0.986 -0.065 1.000 -0.120 -0.311 -0.52-1 
-0.11-1 0.076 -0.603 0.130 -0.67-1 -0.223 0.66-1 0.6-16 

0.530 0.701 -0.292 OA6-1 -0.266 0.776 -0.807 -0.369 
0.693 0.-196 -0.68:3 -0.178 -0.695 0.078 0.3-16 OA37 
0.122 0.085 -0.289 -0.358 -0.312 -OA36 0.570 0.500 

-0.097 -0.11-1 -OA81 -0.177 -0.520 -0.621 0.858 0.651 

1.000 
-0.810 1.000 

0.6-17 -0.668 1.000 
0.139 -0.269 -0.330 1.000 
0.905 -0.695 OA65 0.077 1.000 
OA13 -0.310 0.129 -0.302 0.505 1.000 
0.593 -0.517 0.676 -0.5-18 0.598 0.776 1.000 
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Fig. 11"-56. Eigem'ectors of the appreciable 
amount chum salmon muscle lecthin 
molecular species on the first and sec­
ond principal component plane on 
PC'A. 

I. (16 ::2) (:;0' 5). 2. (:20: 5) (20: .5) 
:3. (:20: 5) (:22: 6). .1. (:2:2 : 6) (:22: 6) 
5. (:20: -b) (2:2: 5). 6. 1.:nknm\'ll 
I. (20: :3) (22: 6). 8. (20: 5) (:22: 5) 
9. (:20: -b) (2:2: 6), 10. (:22: 5) (2:2: 6) 

11. (2:2 : -b) (22: 6), 12. (16: 1) (:20: .5) 
1:3. (22: 6) (1G: 1). U. (lG: 1) (22: 6) 
15. (1,1: 0) (:20: .5). IG. (1,1: 0) (22: G) 
17. (11: 0) (:22 : G). IS. (20: 5) (18: 1) 
19. (18: 1) (:20: 5). 20. (22: G) (18: 1) 
:21. (18: 1) (2:2 : 6). 22. (:20: ;3) (IG: 0) 
2:3. (16: 0) (:20: 5), ::!4. (:2:2: 6) (16: 0) 
:25. (16: 0) (22: 6). :2G. (22: 5) (1G: 0) 
27. (lG: 0) (22 : 5). 28. (IG: 0) (20: ,I) 
29. 1.:nkno\\'n. :30. (18:1)(16:0) 
:31. (16:0)(18:1) 

3 

1 

];z 

Fig. 11"-57. Eigen\,ectors of the appreci,lble 
amount chum salmon muscle lecthin 
molecular species on the first and third 
principal component plane on PCA. 
Eigem'ector numbers as in Fig. 11"-56. 

molecular species are 31 (see the footnote of Fig. IY-56). And number of samples 
correspond to the four different migratory stages of t\'\'o different sexes (see the 
footnote of Table IY-15). "l\IEA1\" in Table IV-11 is the ayerage amount of each 
molecular species of the four stages and "S.D." is standard de\-iation. Correlations 
among all detected molecular species are shown in Table IV-12 and eigem-alues 
calculated by the Jacobi method from Table IV-12 are shown in Table IV-1:3. 
Values of contributions are also sho\'\'n in this Table. Though yariables were up to 
31, the accumulated contribution \\'as 63.7% \'\'hen employed to the second principal 
component. 

In Fig. IV-56, eigem-ectors of appreciable amount molecular species are shown 
as small numbers on the first and second principal component plane. These are 
drawn up from the print out of component loading in columns 1 and 2 in Table 
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1985J TAKAHASHI: Identification of Lipid jlolecular Species 

Table IV-13. Print out of eigenyalues as ,yell as contributions of the appreciable amount 
molecular species of chum salmon muscle lecithin on PCA 

COJIPO.:\EXT EIGEXVALLTE* 0/ ** 
;0 

1 11.53-1 37.206 

2 8.219 26.513 

3 3.589 11.577 

-1 2.8.51 9.196 

5 2.189. 7.061 

6 UlO -1.5-17 

7 1.209 3.900 

8 0.000 0.000 

9 0.000 0.000 

10 0.000 0.000 

11 0.000 0.000 

12 0.000 0.000 

13 0.000 0.000 

1-1 0.000 0.000 

15 0.000 0.000 

16 0.000 0.000 

17 0.000 0.000 

• Eigenyalue were calculated by the Jacobi method. 
% is the contribution . 

... ACC. % stands for accumulated contribution. 

I 
ACC. %'" 

37.206 

63.719 

75.296 

8-1.-192 

91.553 

96.100 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

IV-14. And in Fig. IV-57, eigenYectDrs of the same molecular species are generated 
on the first and third principal component plane. And these are drawn up from the 
print out of component loading in columns 1 and 3 in Table IV-14 as well. 

Principal loading in Table IV-15 was plotted on the first and second principal 
component plane as shown in Fig. IV-58 and on the first and third principal 
component plane as shown in Fig. IV-59. The mm-ement according to the stage of 
migrations are shown by arro\ys. Very interesting moyements are obseryed in this 
figure. By refering the eigenYectDrs in Fig. IV-56 at the same time, it can be 
obseryed that the moyement direction from feeding migration stage to spawning 
migration stage (sea) is nearly parallel to the eigenYectors numbered 8, 15, 17, and 
20 while it makes a right angle against eigenyectors 25 and 29. This shows that 
although the amounts of number 8 ((20: 5) (22: 5)), number 15 ((14: 0) (20: 5)), 
number 17 ((17: 0) (22: 6)) and number 20 ((22: 6) (18: 1)) are small as ha\-e seen in 
Fig. IV-51 and Fig. IV-52, drastic decrease of these molecular species occurs between 
these two stages, making good contrasts to number 25 ((16: 0) (22 : 6)) and 29 
(Unknown) which keep the constant amount. On the other hand, when the 
migratory stage proceeds to the spawning stage in the riYer, the movement of the 
arrow in this figure becomes almost parallel to the eigenvectors of number 25, 29 and 
also 6,11, 13, 18 and 26. Number 25 is (16: 0) (22: 6) which is predominant, and 
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Table 1'.'-1-10. Print out of component loading of the appreciable 

<CmIPO~EXT LOADING) 

2 

3 

-10 

5 

6 

7 

8 

9 

10 

11 

12 

13 

H 

15 

16 

17 

18 

19 

20 

21 

22 
23 

2-10 

25 

26 

27 

28 

29 

30 

31 

CmIPONENT 

0.779 

0.797 

0.521 

0.36-10 

-0.211 

0.8-102 

0.517 

-0.698 

-0.027 

-0.:2:23 

0.77-10 

0.151 

0.823 

0.276 

-0.779 

-0.795 

-0.750 

0.599 

-0.231 

-0.763 

-0.333 

0.723 

-0.091 

-0.132 

-0.751 

0.819 

-0.881 

0.309 

-0.652 

-0.505 

-0.8H 

2 

0.151 

0.157 

0.118 

-0.15-10 

-OA53 

0.503 

0.058 

0.563 

-0.712 

-0.886 

0.511 

-0.:3-105 

0.520 

-0.808 

0.590 

0.09-10 

0.556 

O.HO 

-0.550 

0.598 

0.817 

-0.375 

-0.866 

0.2-107 

-OA70 

0.520 

0.051 

-0.927 

-0.378 

0.161 

0.317 

:3 

OAIO 

0.5H 

0.793 

0.691 

0.315 

0.1-105 

0.099 

-O.Hl 

0.388 

0.:236 

-0.0-106 

-0.5-109 

0.0:36 

0.133 

0.195 

0.3-±! 

0.302 

-0.201 

OA9-1o 

0.007 

0.339 

-0.223 

0.001 

0.305 

0.019 

0.028 

-0.3.58 

-0.052 

0.367 

0.518 

0.131 

0.300 

0.022 

0.137 

0.276 

0.735 

0.070 

-0.759 

0.176 

-0.273 

-0.0:2:2 

-0.160 

0.022 

-0.06-10 

0.292 

0.019 

0.16.5 

-0.0-100 

-0.331 

-0.1-109 

0.111 

-0.103 

-OA27 

-0.-10-10-10 

-0.285 

-0.315 

-0.073 

0.139 

0.038 

-0.2-109 

-0.607 

-0.3-108 

5 

0.000 

-0.016 

0.018 

-0.H5 

0.30-10 

0.0-100 

-0.371 

-0.326 

-0.283 

0.1:21 

0.152 

0.529 

0.107 

0.208 

0.052 

0.:388 

0.185 

0.225 

0.368 

-0.166 

0.28-10 

0.187 

0.197 

0.721 

-0.170 

0.112 

0.092 

0.032 

-0.2-109 

0.097 

0.0-109 

6 

-O.OH 

-0.085 

-0.2-10:3 

-0.:268 

-O.OH 

-0.0-109 

-0.021 

0.0-107 

0.1-107 

0.306 

0.228 

-0.518 

0.11-10 

0.282 

0.0-100 

0.2.5-10 

0.0:3-10 

OA28 

0.382 

0.0-106 

0.108 

-0.15-10 

0.0.5-10 

-OA22 

-0.001 

0.125 

-0.019 

-0.12.5 

-0.185 

-0.083 

-0.217 

7 

0.331 

-0.193 

-0.086 

0.1:39 

0.129 

0.085 

-0.068 

0.19-10 

OA06 

0.027 

0.192 

0.088 

0.151 

0.215 

0.0-100 

0.037 

-0.019 

0.25-10 

-0.312 

0.131 

0.0-109 

0.21-10 

0.063 

0.225 

0.29-10 

0.155 

0.2.55 

-0.157 

0.373 

-0.2.56 

0.01-10 

8 

0.000 

0.000 

0.000 

0.000 

-0.000 

-0.000 

0.000 

-0.000 

-0.000 

0.000 

-0.000 

-0.000 

-0.000 

0.000 

-0.000 

-0.000 

-0.000 

0.000 

0.000 

-0.000 

-0.000 

0.000 

0.000 

-0.000 

-0.000 

-0.000 

0.001 

0.000 

-0.000 

0.000 

0.000 

* The row and the column are yariable numbers as same with those in Table 1Y-ll. 

the rest 6, 1 L 13, 18 and 26 are small peaks. So it might be possible to conclude that 
(16 : 0) (22 : 6) IS almost constant at the sea stage and becomes changeable at the 
stage of ri\·er. 

~ Spent salmon shmwcl an analogous position \yith that of spa\Yning migration 
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amount molecular species of chum salmon muscle lecithin on PCA' 

9 10 11 12 1:3 lei 1.5 16 IT 

-0.000 -0.000 -0.000 --0.000 -0.000 0.000 0.000 0.000 0.000 

0.000 0.000 -0.000 --0.000 0.000 0.000 0.000 0.000 0.000 

0.000 -0.000 -0.000 --0.000 0.000 0.000 -0.000 0.000 -0.000 

0.000 0.000 -0.000 0.000 0.000 0.000 -0.000 0.000 -0.000 

-0.000 -0.000 -0.000 --0.000 0.000 0.000 0.000 0.000 -0.000 

-0.000 -0.000 0.000 --0.000 -0.000 -0.000 0.000 -0.000 -0.000 

0.000 0.000 0.000 0.000 -0.000 -0.000 -0.000 -0.000 0.000 

-0.000 0.000 -0.000 0.000 0.000 0.000 -0.000 0.000 0.000 

0.000 -0.000 -0.000 0.000 -0.000 -0.000 0.000 -0.000 -0.000 

0.000 -0.000 0.000 --0.000 -0.000 -0.000 0.000 -0.000 0.000 

-0.000 -0.000 0.000 0.000 -0.000 -0.000 0.000 -0.000 -0.000 

-0.000 0.000 -0.000 --0.000 -0.000 -0.000 -0.000 0.000 -0.000 

-0.000 -0.000 0.000 0.000 -0.000 -0.000 0.000 -0.000 -0.000 

-0.000 0.001 0.000 --0.000 -0.000 0.000 0.000 -0.000 -0.000 

-0.000 0.000 -0.000 0.000 0.000 0.000 -0.000 -0.000 -0.000 

0.001 -0.000 0.000 --0.000 0.000 -0.000 0.000 -0.000 -0.000 

-0.000 -0.000 -0.000 --0.000 0.000 -0.000 -0.000 -0.000 0.000 

-0.000 -0.000 0.000 0.000 -0.000 -0.000 0.000 0.000 -0.000 

-0.000 -0.000 0.000 -0.000 0.000 -0.000 -0.000 -0.000 0.000 

-0.000 0.000 -0.000 0.000 0.000 0.000 -0.000 -0.000 -0.000 

-0.000 0.000 -0.000 0.000 0.000 0.000 -0.000 -0.000 -0.000 

0.000 -0.000 -0.000 --0.000 0.000 -0.000 -0.000 -0.000 0.000 

0.000 -0.000 0.000 --0.000 -0.000 0.000 0.000 -0.000 -0.000 

-0.000 0.000 -0.000 --0.000 -0.000 -0.000 -0.000 0.000 0.000 

-0.000 -0.000 -0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 

-0.000 -0.000 0.000 0.000 -0.000 -0.000 0.000 -0.000 -0.000 

-0.000 -0.000 -0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 

0.000 -0.000 0.000 0.000 -0.000 -0.000 0.000 0.000 0.000 

-0.000 -0.000 0.001 0.000 -0.000 -0.000 -0.000 -0.000 0.000 

0.000 0.000 -0.000 --0.000 -0.000 -0.000 -0.000 -0.000 0.000 

-0.000 0.000 -0.000 --0.000 0.000 -0.000 0.000 0.000 0.000 

stage in the sea on PCA planes as it is shown in Fig. IY-58 and Fig. IY-59. And 
from these t\yO figures. it is clearly seen that the differences between male and female 
are considerablely small compared \yith the differences among the migratory stages. 
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2 

Fig. IV-58. Plots of principal loading on the 
first and second principal component 
plane on PCA. 
Refer to the eigenwctors in Fig. IY-.56 
as background of this plane. 
:;:11 : Feeding migration, :'IIale 
= F : Feeding migration. Female 
,,:II : Spawning migration, :'IIale (Sea) 
"F : Spawning migration. Female 

(Sea) 
jI : Spawning migration. :'IIale 

(Ri,'er) 
F : Spawning migration. Female 

(Riwr) 
6.:11 : Spent. :'IIale 
6.F : Spent. Female 

3 

Fig. IV-59. Plots of principal loading on the 
first and third principal component 
plane on PCA. 
Refer to the eigen\'ecters in Fig. 1Y -57 
as background of this plane. 
Symbols as in Fig. n--58. 

CHAPTER V 
General Summary and Conclusions 

Superiority of the re'l:ersed-phase type HPLC was emphasized. 
In chapter L it \\'as suggested that dephosphorylation followed by acetylation 

is effecti'-e in separating the critical pairs of the lecithin molecular species on HPLC. 
The positional isomers \\'ere also separated to some extent unlike the triglycerides. 
And a new matrix model was proposed for the prediction of molecular species of 
lecithin. The matrix model was as follows: 
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Table 1\"-15. Print out of the principal loading (component score) of each stage 
of migration of chum salmon on PCA 

iPRIXCIPAL LOADI::-;-O; 

PRI::-;-CIPAL 

:2 3 ,1 5 6 

-16.35:2 8.0:27 ,1.,158 -1.180 :2.503 0.053 

:2 1:2.737 8.01.5 -:3.56,1 1.902 -3.1:21 0.1,18 

3 O.OH -6.:2,15 1.077 5.306 -:2.760 -0.5,18 

-1 -0.9:27 1:2.116 3.177 1.65-1 0.2-18 0.991 

5 1-1.315 U07 3.658 3.165 -1.011 -1.8:25 

6 17.100 8.9-16 -1.78-1 :2.333 1.:217 lA93 

7 0.368 -5 .. 5:26 1.91:2 :2.337 0.:2:21 1.715 

8 1.81:2 -5.,108 -5.110 -0.:239 :2.70:2 -:2.0:25 

7 8 9 10 11 1:2 

-0.H9 -0.000 0.000 -0.000 -0.000 -0.000 

:2 0.837 -0.000 0.000 -0.000 0.000 0.000 

3 -0.606 0.000 0.000 0.000 0.000 -0.000 

-1 1.8-11 0.000 -0.000 -0.000 0.000 0.000 

5 -0.,166 -0.000 -0.000 0.000 -0.000 -0.000 

6 0.760 -0.000 -0.000 0.000 0.000 0.000 

7 -:2.172 0.000 -0.000 0.000 -0.000 0.000 

8 0.:255 0.000 0.000 0.000 0.000 -0.000 

13 lJ 15 16 17 

0.000 -0.000 -0.000 -0.000 0.000 

:2 -0.000 -0.000 0.000 -0.000 0.000 

3 0.000 0.000 0.000 0.000 -0.000 

-1 -0.000 0.000 -0.000 -0.000 0.000 

5 -0.000 0.000 0.000 0.000 -0.000 

6 0.000 -0.000 -0.000 0.000 0.000 

7 -0.000 0.000 -0.000 -0.000 0.000 

8 0.000 0.000 -0.000 0.000 -0.000 

Row 
1: Feeding migration, :.\Iale. 
:2: Feeding migration, Female. 
3: Spawning migration, jIale (Sea). 
-1: Spawning migration. Female (Sea). 
5: Spa\ming migration . .\Iale (RiYer). 
6: Spawning migration. Female (Riwr). 
7: Spent. Male. 
8: Spent. Female. 
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C.Y=Pi .10g(RRT) qi CS=I-r 
C: 

dil 
de 

DB= Pc • 10g(RRT) qe DB=I C
1 

C: 
YI de 

\yhere CI , C: and dr. de are acyl carbon number and the number of double bonds in 
each acyl group line up in a similar way. x and yare \-ariables of acyl carbon 
number and number of double bonds. respectinly. PI and P: are the slopes and qi 
and qe are the intercepts (intersections) on the ordinate of the semilogarithmic plots 
of the RRTs of molecular species against CS or DB. RRT is the relatin retention 
time (in general. it should be relatin retention). 

In chapter II, the matrix model proposed in chapter I was de,-eloped into the 
rules for molecular species of triglycerides. This idea was based on the expansion 
of matrix of (2. 2) type model for the lecithin molecular species to the matrix of (:3, 
2) type model for the triglyceride molecular species. The matrix model for the 
triglyceride was as follows: 

\yhere CI • C:, C3 and dI , dc, d3 are acyl carbon number and the number of double bonds 
in each acyl group line up in a similar way. x and yare yariables of acyl carbon 
number and number of double bonds. respectinly. PI and P: are the slops and qi 
and q: are the intercepts (intersections) on the ordinate of the semilogarithmic plots 
of the RRTs of molecular species against CS or DB. RRT is the relatiye retention 
time. This matrix model \yas nrified by the actual analysis of triglycerides from 
natural sources and from the chromatographic results presented by other inyestiga-
tors 11.3S.39 .• 

The theoretical background of the proposed ne'w model ,yas considered by 
introducing the theory of Martin·':I. He formulated the equation: 

..::iPB _ 
R·T (

CiB) .J(Lx In - =-'-
CiA R· T 

\yhere A, B are members of a homologous series, differing by the functional group X, 
Ci is the partition coefficient and .::.if-Lx is the differences in chemical potential of the 
group X in polar or non-polar phase of the chromatographic system. It follows that 
each group in the solute molecule contributes more or less independently to the 
differences in standard free energy of the solute between the two different phases. 
Thus. in general. there is a linear relationship between In Ci or log Ci and the number 
of functional groups in a homologous series. By substituting A in Martin's theory,:1 

I 
C1 d1 I I C1 + X d

l I as triglyceride species C: d: and B as C: d:, X will become a functional 
C3 d3 C3 d3 
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,C1 ell i I C1 ell - r 'I 

group. Or \\-e coule! ,11;;0 ;;ubstitute A as I c:2 d:2\ and B as C:2 de I' then r II-ill 
I C3 el3 I C3 d3 I 

also become ,1 functiolhll group. In this case. _Y corresponds to -CHe- unit and r 
corresponds to -CH = CH- unit. The chemical potential of the triglyceride mole­
cule is principally affected by these _YOI' L since in accordance \yith the elongation 
of the hydrocarbon chain or increase in the number of double bonds in the acyl 
group, the plots of RRT of each molecular species against C_Y or DB nearly dra,,­
an ascending or a descending straight line on semilogtuithmic graph paper. 

Thus the physicochemical background of the matrix model has been demon­
strated from the theon- of }Iartin·,e i

. A more detailed considerations were also done 
in this chapter II. Strictly speaking. in addition to the physicochemical functional 
groups. that is. -CHe- and -CH = CH-. the differences in arrangement of these units 
might slightly affect the total chemical potential of the triglyceride molecule (it \,-as 
called !2 factor). And from the "ie\,- point of stereospecific structure, In:' should 
consider about the degree in bias between the a, j3 positional isomers. So the 
author htlS concluded that the chemical potential of the triglyceride molecule is the 
resultant of all functional groups in the molecule. The sum upped chemical 

I 

Cl dl I 
potential (ft) of triglyceride C:2 d2 II was written as follows: 

I C3 d3 

,u=gV'(cl. d1• Dl).j(Ce. d:2, D·J.j(c3 , d3 , D3)} 
,,-here D is an D factor. j is the chemical potential ginn by the hydrocarbon chain, 
tmd 9 is the function of chemical potential gi..,-en by the differences in a, j3 positional 
isomers. In order to gin shape to this function, it was concluded that a more 
precised instruments (col umn. pump and detector of the HPLC) that gi,-es a perfect 
reproductin data is required. :\'amely, for example, if the differences of RRT 

I 
CI d

l I I C2 
de I bet" een Ce de and CI dl can be measured perfectly, then the relation behYeen 

C3 d3 C:, d:; 
j (c1• d l • D 1) and j (ce, de. Dc) can be formularized by analyzing the multiple data. 
The :3-.uIl1 type column packing is expected for this purpose. 

The theoretical relationship between the presented matrix model demonstrated 
in this study and the traditional ECN theory was also discussed in chapter II. It 
\\'<lS prond mathematically that ECN is the degraclated form of the presented matrix 
mode I. 

In chapter III. the computer software for the identification of lecithin molecular 
species was designated. 

The order of priority in the computer program for the identification of lecithin 
molecular species was as follows: 

1. When there is 11 same molecular species in the data file, the RRT of this 
molecular species is printed out. 

:2. When there are molecular species' that belong to the I:~ ~~ I group (or 
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1 ~~ ~~ I), a regression line is generated and the RRT of the predicted molecular 

species is printed out. 
3. "\Vhen there are two parallel line groups that slightly differ in the slope due 

to the arrangement of -CH2 - and -CH = CH- units in the molecule, parallelogram 
is generated. And the RRT of the unknown vertex of this parallelogram is printed 
out. 

-1. When there are molecular species that belong to the 1 ~~ 1 group (when the 

combination of the acyl carbon number is unknown), the slope of the generalized 
regression line is introduced. And the RRT of the predicted species is printed out. 

Though there is still a limitation for the perfect identification of all the 
molecular species contained in the samples from natural sources due to the incom­
plet€ reproducibility of RRT, this computer software might be convenient in 
predicting the generally found molecular species. 

In chapter IY, from the ,-iew point of muscle lecithin molecular species, sardine, 
mackerel, big-eyed tuna, brown sole, sand flounder, rock fish, Alaska pollack, chum 
salmon, blue shark, mackerel shark, carp and rainbow trout were examined on 
HPLC. Amoung the fish examined, flat fish such as bro\yn sole and sand flounder 
were extremely characteristic since these fish contained (16: 0) (20 : 5) as the most 
prominent species unlike the rest of the fish that had (16: 0) (22: 6) as the most 
prominent species. Cartilaginous fish such as blue shark and mackerel shark had a 
yery fe\\" amount of molecular species that haye the combination of highly unsatur­
ated fatty acids such as (20: 5) (20: 5), (20: 5) (22 : 6) and (22: 6) (22: 6). This was 
also obsernd in fish from fresh \\-at€r such as carp and rainbo\y trout. The main 
differences bet\yeen the cartilaginous fish and the fresh water fish were in the 
contents of molecular species composed of 20: 5 represented by (16: 0) (20: 5). 
These were rich in cartilaginous fish. 

Principal component analysis (PCA) \yas done in order to characterize each fish 
in relation to all other fish examined. Except sardine clark muscle, chum salmon 
(feeding migration) and rainbow trout, a reflectable moyement in the content of (20: 
5) (20: 5) against seasonal \-ariation was obseryed in the majority kind of fish 
examined. 

Chum salmon of four different migratory stages \I-ere analyzed in the same 
manner. By introducing PCA again for the int€rpretation of muscle lecithin 
molecular species analysis amoung the migratory stages, interesting moyement were 
obsernd on the first and second, as well as the first and third principal component 
plane in accordance with the acb:ance in migration. The plots of male and female 
mond almost together on these planes. This implies that although there are some 
differences in molecular species bet\wen male and female especially at the stage of 
spa\yning migration in the riyer, these differences are not so large as the differences 
between the migratory stages. It was clearly seen that at the stage of spawning 
migration in the rin!', molecular species of (16 : 0) (22 : 6) drastically decreased. 

The study of molecular species of fish lipid is at the dawn of a new age. 
Especially for the analysis of triglyceride molecular species, an effectin high 
performance column that has a thorough theoretical plate to separate individual 
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molecular species is principally required. And a conbination with the flame ioniza­
tion detector (FID) or with the mass spectrometer is expected to back up a more 
precised determination. Attempt on the analysis using FID on HPLC has done by 
PriYett ct al.: 9

-
511 And that on the analysis using mass spectrometer combined with 

HPLC has done by Kuksis ct al.55
) .Matsushita ct al. 56

) haye used a mass 
spectrometer on the fractions obtained by HPLC manually. There is also an 
attempt done on a mass spectrometer ,,-ithout using HPLC for the fractionation 57-63) 

or by a high field 13C nuclear magnetic resonance spectrum (NI\IR) alone18 ). But 
from the author's point of vie\\-, at least the HPLC fractionation might be ine,-itable 
prior to the mass spectrometer or NMR analysis. And these should be used only 
\yhen it is necessary to analyze the oyerlapped peak on HPLC since the analytical 
cost using the mass spectrometer or N:YIR might be wasteful. 

In this study, principal consideration for the complex lipid molecular species 
analysis \yas on lecithin. But the author is quite sure that the matrix model 
presented for the lecithin HPLC analysis well fits to the other complex lipid 
molecular species analysis as well. N akagcnm ct al.6!.65) worked on the phos­
phatidylethanolamine molecular species of boyine brain and Un Hoi Do et alY" as 
well as Smith et al. 13

) worked on the ceramides of bovine brain in addition to the 
studies on lecithin molecular species. In accordance with the data accumulation in 
this field, the inyariability of the matrix model for all kinds of lipid molecular 
species is sure to be Yerified. 
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