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Quantitative Analysis of n-paraffins in Heavy
Oil (Grade C) added to Media for
Oil-decomposing Bacteria by a Simplified
Internal Standard Method
By
Hircaki FUujisawa and Masatada MURAKAMI

Oil pollution in coastal waters becomes serious year after year. And sometimes local
heavy oil pollution, which is usually caused by accident, damages inshore fishery greatly.
It is a well-known fact that the self-purification in the oil-polluted areas depends mainly on
the bacterial activity, In the area polluted by the Mizushima Oil Refinery Accident)), many
oil-decomposing bacteria could be isolated from bottom sediments as well as from sea water.
Among many components of oil, n-paraffins are a group of components most easily
decomposed by bacteria®® and the mechanism of bacterial decomposition has been clarified
in detail*%) although this group is not the major component but the minor one in heavy oil
(grade C). Gas chromatography is effectively applied io the quantitative analysis of n
-paraffins, but it is necessary to separate n-paraffin fraction preliminarily from heavy oil and
it consumes much labor. If the oil sample is analysed without the preliminary separation,
the analysis becomes very complicated. In the field survey of examining oil pollution and
self-purification after an oil accident, a simpler method on the determination of oil compo-
nents is favorable, for it is necessary to analyse many samples derived from the same original
oil within a short time with limited members. On the other hand, it is necessary to exam-
ine preliminarily the variation of the oil components caused by the treatment indispensable
to the bacteriological work, i.e. by the sterilization in the presence of medium. Based on
these facis, therefore, the ordinary method of internal standard method (i.e. standard adding
method)® was simplified, and a concise method was carried out of quantitative analysis of
n-paraffins of heavy oil (grade C) in media suitable to the laboratory work afier the bacteri-
ological field survey. By using this method, the components of heavy oil in media could be
quantitatively analysed without the preliminary separation of n-paraffin fraction from the oil
sample, and could yield the results of the same level of accuracy with those of the orthodox
method.

The present report aimed, accordingly, at the following two points as a preliminary step
t0 examine the activity of oil-decomposing bacteria separated from the oil-polluted area,
and its results will be presented in the succeeding report: one is to show the base of the
simplified method of quantitative analysis proposed here and employed in a series of these
experiments, and the other is to show the ouiline of the variation of the oil components
caused by autoclaving in the presence of the different media.
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Material and Method

The material of the present report was the desulfurized heavy oil (grade C) sampled from
oil tank No.271 in the Mizushima Oil Refinery, which was the same heavy oil spilt from oil
tank MNo.270 into Bisan Seto in the oil accident. Its commercial properties are shown in
Table 1.

A 110—150 mg heavy oil was added to 50 m/ of medium A or B? in a 500 m/ culture
flask in duplicate, and these flasks were stoppered with cotton. One in duplicaic was
used without treatment, but the other was autoclaved ai 1.1 kg/cm? for 15 minutes and used
in the present work. The hydrocarbons of heavy oil were separated, as shown in Fig. 1, by
silicic acid column chromatography®? from the n-hexane extractive fraction. The mg
weights of m-hexane extractive fraction and of hydrocarbon fraction (F, and F; in Fig. 1,
respectively) per 100 mg of heavy oil (F, in Fig. 1) were estimated.

Heavy o1l (F;) 110 — 130 mg Table 1

extracted 3 times with 20 ml of n-hexane

Commercial  properties  of
heavy oil (grade C) used in

dehydrazed with anhydrous MgSO, the present WO]'k

filtrated through filter paper

1 washed with 10 ml of n-hexane . . _
Fittrate Specific gravity (15/4 °C) 0.9214
concentrated with rotary evaporator at 45 °C Flash point (°C) 162
Concentrate (F) Kinematic viscosity 78,61
o ) ] dissolved in 20 ml of n-hexane (at 5ODC, sz/SeC) .
Siticic acid column chromatography

14 g of silicic acid column Pour point {°C) 10
(silicic acid/celite 545 = 6/1, 20 X 100 mm) Sulfur content (wt %) 0.92
eluted with 100 ml of n-hexane Carbon residue (W‘t %) 4.75

Eluate

concentrated with rotary evapovator at 45 °C

Note : Properties of heavy oil were
anaiysed by the Mizushima Qil
Refinery.

Concentrate (Fs)
dissolved in 5 wl of n-hexans

Hydrocarbon fraction

Gas chromatography

Fig. 1. Preliminary preparation of hydrocarbons
from heavy oil for gas chromatography.

The components of n-paraffins in the above-meniioned hydrocarbon fraction were
cualitatively and quantitatively analysed by.a Hitachi 163 Gas Chromatograph under the
conditions shown in Table 2.

Table 2. Analytical conditions of gas chromatography.

Apparatus Hitachi Gas Chromatograph Model 163

Column 1 9§ Dexsil 300 GC on Chromosorb WHP (80-100 mesh), Stainless steel tubing (3 mmx 2 m)
Detector Hydrogen flame ionization

Temperature Column 80 °C to 320°C, Program rate 5 °C/min, Injection 350 °C

Carrier gas  Nitrogen

Flow rate Carrier gas 40 m//min, Hydrogen gas 35 m//min, Air 550 m//min

Sample cize 1 or 2 p/
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The components of n-paraffins in the hydrocarbon fraction were identified by comparing
their retention time with that of the authentic n-paraffins (Cis, Cis Cig Ciss Cao Cozs Coas
Cas, Cag Cs0, Cazo Casy Cag Cag and Cyp in chain length) added to the hydrocarbon fraction.

The amount of each n-paraffin was determined by the below-mentioned simplified
method and was compared with that estimated by the orthodox way of the standard adding
method. In the latter case, the 15 standards of the authentic n-paraffins of even carbon
numbers were used. The simplified method used in the present work is one of the modifi-
cations of the standard adding method, and needs only one standard substance (n-dodecane)
and an equation showing the correction for the different sensitivity according to the length
of carbon chain, and it is based on the following hypothesis: if it is possible to estimate
the relative sensitivity of respective n-paraffins, there is no need to use many substances as
standards to be added.

The following equations show the possibility of realizing the above-mentioned hypothesis:

| 7
\/\/ Aoisn
Ao
Bo

Fig. 2. Model of a pair of gas chromatograms of #n-paraffins in hydrocarbon fraction
of heavy oil through the standard adding method.

Note: I...... Gas chromatogram of hydrocarbon fraction added with a standard

substance (rn-dodecane)

o...... Gas chromatogram of hydrocarbon fraction added with the authentic
n-paraffins

Bg..... Peak area of standard substance (n-dodecane, e.g. 0.1 ug) in 1

By..... Peak area of standard substance (n-dodecane, e.g. 0.1 pg) inll

Ag; . ... Peak area of n-paraffin i (chain length) in I

Ay; ....Peak area of n-paraffin i (chain length) in I, Ay + C;

Cio.... Increased peak area of n-paraffin i by adding the authentic substance

(e.g. 0.1 pg)in II

Employing B, and B, in Fig. 2 as sitandard substances, weight of C;, AW, can be
expressed by

A
AW, = Wo:‘(—ll-—l) ............ 1,
Ao
where Wy Weight of Ay in 1 of Fig. 2

AW, Weight of C; (the authentic n-paraffin /, e.g. 0.1 pg)
in II of Fig. 2
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W, Weight of Ay (Ag+C) in II of Fig. 2, being equal to Wy + AW,

AOI': AQ[/BO
A 1ie A—\li/BI .
And therefore, W; can be expressed by
Wy = AW 2).
(A i l)
Aoi

Based on this equation, the weight of each n-paraffin can be determined from peak areas
of n-dodecane and other respective standard s-paraffins in a definite weight added to the
hydrocarbon fraciion. This is the siandard adding method. For the purpose of finding out
a method consuming less labor but yielding the results of the same level of accuracy, the
possibility of substituting a series of correction coefficients or an equaiion showing them for
adding standard substances was sought in the following way :

Employing the sensitivity of n-dodecane as the standard, the relative semsitivity of #
-paraffin 7, K,, can be expressed by

Ay W,
== = 3},
8= W Ry ©
where W,: A definite weight of the standard substance (n-dodecane, ¢.g. 0.1 pg)

in I of Fig. 2.

By this equation, it is possible io estimaie the relative sensitivity of each n-paraffin (the
sensitivity of n-dodecane as the standard). The resulis of the preliminary experiment
showed that the relative sensitivity changed with the chain length of nm-paraffin keeping a
clear linear equation, as shown in Fig. 5. Using the relaiive sensitivity estimaied from this
equation, weight of n-paraffin i, W, can be expressed by

Wo = Wy x ‘%% X _kL ............ ().

This equation indicaies that ug weight of each m-paraffin per W of hydrocarbon fraction
prepared from heavy oil can be estimated from peak area of each of them and that of n
-dodecane in a definite weight. And also the estimaied value was used after it was converted
into mg per 100 mg of hydrocarbon fraction. The validity of the method based on the
equation (4) was tesied by comparing the resulis of the present method with those of the
standard adding method used in common which is based on the equation (2). And to
examine the necessity of correction for the different sensitivity, the results of the former
method before sensitivity correction was compared with those of the latter method.

Results and Discussion

Yields of n-hexane extractive fraction and hydrocarbon fracton from heavy off

The amounts of m-hexane extractive fraction and hydrocarbon fraction obtained from
heavy oil in media A and B, are shown in Table 3. As shown in this table, the amounts of
hydrocarbon fraction (F3/F; and Fy/F.) and n-hexane extractive fraction (F,/F) of all the
samples were estimaied with accuracy. The results of two-way layout analysis of variance
of these values (between media A...and B...and between {ireatments...autoclaved and
unautoclaved...), are shown in Tables 4, § and 6.
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Table 4. Two-way layout analysis of variance of the yields of n-hexane extractive fraction (F,/ Fy)
from heavy oil contained in media.

Factor Sum of squares Degree of freedom Mean square I
Between media (M) 11.22 1 11.22 4,31
Between treatments (T) 82.81 1 82.81 31.78%*

MXT 16.00 1 16.00 6.14"

Residual 31.27 12 2.61

Sum 141.30 15

Note : The original data are shown in Table 3.
Fy = estimated value of SNEDECORE’s F, Fllz (0.05) = 4.75, Fllz (0.01) = 9.33
* significant at 0.05 level
** gignificant at 0.01 level

Table 5. Two-way layout analysis of variance of the yields of hydrocarbon fraction (F;/ F;) from
heavy oil contained in media.

Factor Sum of squares Degree of freedom Mean square Fo
Between media (M) 18.92 1 18.92 3.85
Between treatments (T) 44.22 1 44,22 9.01%

MxT 10.89 1 10.89 2.22

Residual 58.93 12 4.91
Sum 132.96 15

Note : The original data are shown in Table 3. .
Fy = estimated value of SNEDECORE’S F, F& (0.05) = 4.75
* gignificant at 0.05 level

Table 6. Two-way layout analysis of variance of the yields of hydrocarbon fraction (F3/F,) from
heavy oil contained in media.

Factor Sum of squares Degree of freedom Mean square F
Between media (M) 2.18 1 2.18 1.40
Between treatments (T) 2.18 1 2.18 1.40

MXxT 0.11 1 0.11 0.07

Residual 18.66 12 1.55

Sum 23.13 15

Note : The original data are shown in Table 3.
Fy = estimated value of SNEDECORE’s F
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Tables 4 and 5 showed that significant between-treatment difference but insignificant
between-medium difference were found in both F,/F; and F3/F,. As shown in Table 6, no
significant beiween-treatment and between-medium differences could be found in F3/Fy,
because autoclaving caused a decrease in both of F, and Fs.

Qualitative analysis of n-paraffins in heavy oil

Gas chromatograms of hydrocarbon fraction of heavy oil and of the sample containing
the authentic n-paraffins (Ci2, Cis, Ciss Ciss Caoe Cror Caas Cass Cas Cio Ciao Caas Cas
Cyg and Cy in chain length), are shown in Fig. 3. As shown in Fig. 4, the wide range of
chain length of n-paraffing resulted in a slightly curved relation between chain length and
retention time of the authentic n-paraffins added to the hydrocarbon fraction. The
retention time of long-chain n-paraffins, especially that of longer n-paraffins than Cy, was
slightly shorter than that expected from the supposed linear relation. Based on the retention
time shown in Fig. 4, n-paraffins in hydrocarbon fraction of heavy oil were identified to be
in the range from C,; to Cy or thereabout in chain length.

Hydrocarbon fraction

| ) Hiydrrorcarrbiorﬁr ffacﬁior;i - Authentic ﬁ—lpaliaﬁins

T e T

i T o CZ?*C,% o 1 ‘

4 T ‘ Czo;‘"czg i '8 Cor—— ‘;

BEEISEE e,

I_ Cisl N ot dor Css :, -

| : : ﬂ 7[‘) Y CrlSS.Cm
L . ) 1

| | | I
[\ \f | SRR | TN

5% % 30 3 4o 45 50
Retention time (min)

i ] i . ] e -
100 150 200 250 300
Column temperature (°C)

Fig. 3. Gas chromatograms of hydrocarbon fraction in heavy oil with and
without the authentic n-paraffins.

Note : Cyy—Cyg indicate chain length of n-paraffins added.
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30 -

Retention time (min)

20 -

L

L L L | i I L 1 L

I R R R
Ciz Cis Cis Cis Cao Cor Cus €26 Coe Cao Caz Cow Cas Can Cuo

chain length of n-paraffins

Fig. 4. Relation beiween chain length and
retention time of the authentic n-paraf-
fins added to hydrocarbon fraction of
heavy oil.

Note : The original data are shown in Fig. 3.

Examination on the accuracy of the method used in the present work

Preceding to the application of the simplified method, it is necessary to estimate the
correction coefficients for different sensitivity according to the length of carbon chain as
shown in Fig. 2 and in the equation (3). The same hydrocarbon fraction from heavy oil
was analysed by the simplified method and by the standard adding method. And the results
are shown in Table 7. The correction coefficient of sensitivity for each s-paraffin was
estimated from these records, and it was found out that there existed a clear linear relation
beiween chain length and relative sensitivity as shown in Fig. 5, which was expressed by
K;=-1.273 - 0.008 i.
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Table 7. Relative sensitivity (k;) for each n-paraffin obtained through a pair of gas chromatograms
of hydrocarbon fraction in heavy oil and its correction coefficient (1/k).

Chain length of n-paraffins

C12 C:IVA Cls ClB CZO C22 CZA Czs
By (mm?) 56.68
B, (mm? 48.00
Ao (mm?) 7.56 23.04 41.76 40.00 37.36 29.68 23.52
A, (mm?) 60.96 74.40 91.08 92.48 82.80 77.84 70.56
Woilug/ul) 0.0117 0.0355 0.0635 0.0578 0.0629 0.0477 0.0394
k; 1.0000 1.1400 1.1450 1.1603 1.2210 1.0591 1.0978 1.0559
1/k: 1.0000 0.8772 0.8734 0.8618 0.8190 0.9442 0.9109 0.9471

Chain length of u-paraffins

CZS C"SO C32 C:H C36 C3B CU)
B, (mm?
B, (mm?
Ay (mm?) 19.32 12.88 5.46 4.68 1.00 1.50 0.50
A (mm?) 64.96 56.84 47.60 52.80 50.56 49.92 46.72
Wo: (g/ ) 0.0337 0.0237 0.0108 0.0081 0.0017 0.0026 0.0009
ks 1.0115 0.9588  0.8919 1.0194 1.0378 1.0179 0.9802
1/k: 0.98%6 1.0430  1.1212 0.9810 0.9636 0.9824 1.0202

Note : By, By, A Ay Wy, K;and 1/K; are shown in Fig. 2 and the equations (1)-(4).

Fig. 5.

Note :

N
T

@

: R
L & @ Mg\—m_@
-]

Relative sensitivity
o o o © ko o
o R B o =

Cr2 Cie Cic Cis Cao Caz Ca Cao Cas Cso Csz Cos Cas Cos Co
Chain length of n-paraffins

Correlaiion between chain length of m-paraffins in hydrocarbon
fraction of heavy oil and relative semsitivity of ones in
a pair of gas chromatogrms.

The original data are shown in Table 7.

The correlation was expressed by the linear regression

equation,

k; = 1.273-—0.008 i, which was significant at 0.01 level

(Fp = 16.02>F1 (0.01) = 9.33).

Kiweuenn relative sensitivity of n-paraffin /i to sensitivity of

n-dodecane
[ chain length of n-paraffin
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These results opened the possibility of the present method to be applicable to the
quantitative analysis of n-paraffins in heavy oil with less labor bui with the same level of
accuracy. Before applying the present method practically, however, it is necessary to test
its validity through comparing the resulis estimated by this method with those estimated by
the orthodox method i.e. the standard adding method.

For this purpose, the amounts' of n-paraffins in the same heavy oil sample were
estimated again by the orthodox method based on the equation (2) and by the present
method based on the equation (4). In the latier case, the correction coefficients were
estimated from the above-mentioned: regression equation. And the results are shown in
Table 8. The results of the present method before correction for different sensitivity were
added to this table, for the purpose of testing whether it would be necessary to make
correction or not, because all the correction coefficients took the values nearly equal to 1.0.

Table 8. The comparison of the amounts of n-paraffins obtained by the simplified method with
those by the standard adding method from the same heavy oil sample.

Chain length of n-paraffins

Method
C14 C16 ClS CZD CZ2 CZA, (:26
Standard adding method 0.065 0.196 0.350 0.319 0.347 0.263 0.217
Simplified method 0.066 0.204 0.374 0.364 0.346 0.278 0.224

before sensitivity correction 0.076 0.230 0.406 0.411 0.339 0.277 0.233

Chain length of u-paraffins

Method
CZS C3D C32 C34 CSG CSB (:40
Standard adding method 0.186 0.131 0.060 0.045 0.009 0.014 0.005
Simplified method 0.187 0.126 0.057 0.048 0.010 0.016 0.005

before sensitivity correction 0.176 0.125 0.056 0.041 0.007 0.011 0.004

Note : Amounts of n-paraffins were expressed with mg per 100 mg of hydrocarbon fraction.



0.2F

(mg/ 100 mg of hydrocarbon fraction)

Amount of n-paraffin obtained by the simplified method

0.0E

1 1 ] 1
0.0 0.1 0.2 0.3 0.4
Amount of n-paraffin obtained by the standard adding method
(mg/ 100 mg of hydrocarbon fraction)

Fig. 6. Correlation between amount of n-paraffin
obtained by the standard adding method
and that by the simplified method from the
same heavy oil sample.

Note : The correlation was expressed by the linear
regression equation, y =—0.004 + 1.017x,
which was significant at 0.01 level
(Fo = 593.3>F}} (0.01) = 9.33).

Xoeoooo amount of n-paraffin obtained
by the'standard adding method
Yoeioo. amount of n-paraffin obtained

by the simplified method

Table 9. Statistical tests for the validity of the simplified method for quantitative analysis of

n-paraffins in heavysoil.

2o a1 F 72 to s Fe
Simplified method —0.004 1.017 593.30%* 12 —0.26 0.40 0.11
before sensitivity correction —0.008 1.132  446.48* 12 2.00  2.46% 5.04*

Note :

The linear regression equation, y = ag + ax

Xouruunn estimated value by the standard adding method

Voirunn estimated value by the simplified mehtod or that before sensiiivity correction

Fo..... SNEDECORE’s F for @, with 1 and n, degrees of freedom

Fgeeoene STUDENT’s ¢ under the null hypothesis of g, being equal to 0.0 with #n, degrees of
freedom

L. STUDENT’s ¢ under the null hypothesis of a; being equal to 1.0 with s, degrees of
freedom

Fo.o.... SNEDECORE’s F of the comparison between the estimated linear regresson equation

and the expected one, with 2 and n, degrees of freedom
*  significant at 0.05 level
** gignificant at 0.01 level
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As shown in Fig. 6, the present method (¥) could yield the results very closely similar
to the orthodox method (x). The validity of y to be identical with x was verified by
estimating the observed regression equation of y on x (y = a, + a) and by (esting
whether @, would be equal to 0.0 or not and whether @, would be equal to 1.0 or not.
The results of these tests shown in Table 9 revealed the following facts: Regression analysis
y on x yielded an exiremely large F,. This fact means that the observed values are distribut-

ed in a very narrow belt around the estimated regression equation, and therefore, a very
small difference of @, from 0.0 is regarded as significant difference. The same is true to the

difference of @, from 1.0. In spite of these facts, all the 7y, #; and F, of the present method
were insignificant, indicating that the results of this method could be regarded as identical
with those of the orthodox method. This fact means that the present method is applicable
to the guantitative analysis of #-paraffins in this heavy oil. The significant values of #; and
F, for the estimated regression equation before sensitivity correction indicate that it is
necessary to make correction for different sensitivity, in spite of the fact that the correction
coefficients iook the values similar to 1.0, as shown in Table 7. :

Variation of n-paraifin componenis caused by the procedure indispensable
to the bacteriological work

One of the principal aims of the present report is to clarify the variation of the estimated
components of n-paraffins in heavy oil cuased by the procedure indispensable to the
bacteriological work. If heavy oil used in this work had been low in viscosity, it would
have been possible to apply a filter sterilization. In the present case, however, it was
difficult to do so. And it is probable thai the components are, more or less, varied during
sterilization, for heavy oil is sterilized usually by autoclaving in the presence of medium,
which is the mixture of various compounds. The survey was mainly conducted in the
coastal waters, for the oil accident occurred there. And therefore, the two media A and B,
which are suitable for studying oil-decomposing bacteria in the eutrophicated waters, were
adopted”. For the purpose of clarifving the variation of the n-paraffin components, the
20 samples (four samples in the two media under the two sterilization conditions...autoclaved
or not..., and four samples of the original heavy oil) were quantitatively analysed by
the method proposed here.

The results shown in Table 10 revealed the following facts :

1. The contents of #-paraffins of all the samples showed a dull bell-shaped change with the
increase in carbon chain length, indicating that the major components were Cyg to Cs,.

2. The difference in media used here did not cause any difference in the components of
n-paraffins after autoclaving.

3. The influence of autoclaving was found in the decrease of the contents of the short
-chain n-paraffins...in the range from C;; to C, or thereabout, especially in the minor
components, C3, Cpy, and Cs.

4, The nm-paraffins of the original heavy oil and those contained in the unautoclaved
media, consisted of Cy3 to Cyy in chain length.

5. Those of heavy oil in the auiolaved media consisted of C;; to Cu, showing the
possibility of C; having been by autoclaving.
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The autoclaving caused the decrease in.the contents of the shori-chain n-paraffins,
but the presence of media and the difference of media did not cause any notable difference
in the contents regardless of the chain length.

Based on these resulis, it may be concluded thus :

i. There is no need to pay any attention to the variation due to the difference in media.

2. When the contenis of shori-chain n-paraffins are exclusively discussed, there is the nsed
taking into consideration of their decrease due to autoclaving, but in other cases, there is no
need to pay any attention to the variation of the componenets caused by autoclaving.

Summary

In the bacteriological work, especially in the field survey of examining oil pollution and
self-purification after an cil accident, a simpler method on the determination of oil
components is favorable, for it is necessary to analyse many samples derived from the same
original oil within a short time with imited members. The present report, therefore, showed
a concise method which does not need any preliminary separation of n-paraffin fraction
from heavy oil (grade C), and is applicable to the quantitative analysis of n-paraffin
components of heavy oil in media for oil-decomposing bacteriz. This method is based on
the standard adding method, in which many authentic n-paraffins are needed as the standard
substances. But instead of many standards, the preseni method needs only one standard
substance (n-dodecane) and the correction coefficient for the sensitivity of each n-paraffin
(the sensitivity of n-dodecane as the standard) or an equation showing a relation between
chain length and relative sensitivity. The accuracy of this method was statistically tesied
by comparing it with the resulis of the orthodox method. The components of u-paraffing
in the 20 samples (four samples in the two media under the two sterilization conditions...
autoclaved or not, and four samples of the original heavy oil) were quantitatively analysed by
the present method, for the purpose of clarifying the variation of n-paraffin components
caused by the procedure indispensable to the bacteriological work...by autoclaving treatment
in the presence of the different media. The results obtained were summarized as follows :

1. The simplified method could yield the results capable of being regarded to be identical
with those of the orthodox method. And therefore, it may be said that the preseni method is
applicable to the quantitative analysis of the n-paraffin components of heavy oil {grade C) in
media without labors of adding many standard substances and of separating n-paraffin
fraction preliminarily from heavy oil.

2. The contents of n-paraffins of all the samples showed a dull bell-shaped change with
the increase in carbon chain length, indicating that the major componenis were Cig o Cyp.

3. The difference in media used here did not cause any difference in the components of
n-paraffing after autoclaving.

4. The n-paraffins of the original heavy oil and those contained in the unautoclaved media,
consisted of Cy; to Cy in chain length, while those in the autoclaved media consisted of
Cya to Cug, showing the possibility of C,; having been evaporated by autoclaving.

5. Based on these resulis, it may be said that there is no need to pay any attention to the
variation due to the difference in media, and there is no need of iaking into consideration of
the degradation of the long-chain comporents caused by autoclaving, although attention
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should be paid to the decrease in the short-chain minor components due to autoclaving only
when the contents are exclusively discussed.
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