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for Finding a Job to Career Education
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Application of an Improved Steam Distillation Procedure
in Residue Analysis Part 3.

Determination of Sorbic acid in Wine
by Gas-liquid Chromatography or Ultraviolet Spectrophotometry

Akio TANAKA - Kayo AKIYAMA - Kengo NOHARA - Kaori FUKUTA

An improved steam distillation method for the separation of sorbic acid from wine is described below. The method in-
volves the steam distillation of preservatives from wine into three alkaline traps for the collection of sorbic acid. After
distillation, the determination for sorbic acid in wine is used gas-liquid chromatography with flame-ionization detection or
spectrophotometry with ultraviolet light. In the case of the gas-liquid chromatographic method, the alkaline solution is
directly analyzed after acidification with hydrochloric acid and extraction with butylacetate, and in the case of ultraviolet
spectrophtometric method, the alkaline solution is directly analyzed after acidification with diluted sulphuric acid. An im-
proved steam distillation provides satisfactory clean-up from interfering substances in wine for both methods, and the
limit of detection for sorbic acid is 25ppm for gas-liquid chromatographic method and ultraviolet spectrophtometric
method respectively. Two methods are described for determining sorbic acid in wine with an error within *1.4%, and
the recoveries throughout the procedure, including an improved steam distillation and gas-liquid chromatography or ul-
traviolet spectrophotometry were satisfactory in the wine analyzed. A procedure suitable for this routine use is pro-

posed.

Key words : improved steam distillation, wine, sorbic acid, gas chromatography, ultraviolet spectrophotometry

scribed above, Schmidt method'”? based on the con-
I. Introduction densation product of malonaldehyde (a sorbic acid

derivative) with thiobarbituric acid is particularly re-

Sorbic acid has been widely used as preservatives
to prevent re-fermentation of yeast. However, in or-
der to avoid excessive use, the official residue-
tolerance limit has been established. Therefore, it is
important that sensitive and accurate methods be
available for the determining of sorbic acid. Such
methods should also be simple and rapid and capa-
ble of determining sorbic acid in various types of
real samples.

There are numerous methods for determining sor-
bic acid, including color reaction and absorption

measurement'”, ultraviolet spectrophotometry”'”, gas-

12-15

liquid chromatography', high performance liquid

16-18)

chromatography and infrared absorption spectro-

photometry”. Among the colorimetric methods de-

liable and highly sensitive, but Mandrou and co-
waorkers™ have reported that this method is influ-
enced by the presence of elements, such as, ethylal-
cohol and aldehyde in wine and, consequently it is
difficult to obtain accurate results. Consequently,
they recommend the use of an alternative method.

In addition, several workers®"’

employing ultraviolet
spectrophtometric methods have reported that the
purified extracts obtained from non-treated wine by
steam distillation may reflect variable apparent sor-
bic acid content. This results in a highly variable
background caused by a compound with the ultra-
violet adsorption band at 256 nm similar to those of
sorbic acid in ultraviolet absorption region, which is

difficult to eliminate without the loss of sorbic acid.
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On the other hand, the gas chromatographic method
is not suitable for routine use because of interfering
substances and overlapping peaks with the same re-
tention time of sorbic acid peak caused by the wine

219 always

components. Therefore, these methods
required a second clean-up step and are also some-
what troublesome to employ because of time con-
Such

methods described above would not probably be ap-

suming and vigorous operating conditions.

plicable to routine work of the determination of sor-
bic acid in wine if the appropriate steam distillation
is not introduced into the procedure.

We have designed an improved steam distillation
apparatus, presented in a previous paper®?’, which
render further clean-up as unnecessary for the de-
We there-

fore studied the determination of sorbic acid in wine

termination of various additives in foods.

after distillation with this apparatus by the use of ul-
traviolet spectrophotometry or gas-liquid chromatog-
raphy described in this paper. The improved appa-
ratus has three alkaline traps, and sorbic acid is
separated from the wines by steam distillation. Fur-
thermore, in order to remove elements such as ethy-
lalcohol and aldehyde, an improved steam distillation
apparatus has been used effectively without the loss
of sorbic acid, allowing for sorbic acid to be deter-
mined quantitatively by gas-liquid chromatography
or ultraviolet spectrophotometry. The recoveries of
sorbic acid added to various wines are also satisfac-
tory for the ultraviolet spectrophtometric method or
gas chromatographic method without a further clean
-up stage. In this paper, we describe the develop-
ment of a simple, rapid and accurate procedure for
the determination of sorbic acid, which can be used

for routine determination in wines.

I. Experimental

(1) Apparatus

1) Distillation apparatus. This apparatus is shown
diagrammatically in Fig.1.

A Shi-

madzu GC-5AIFF gas chromatograph with a

2) Gas-liquid chromatographic apparatus.

flame-ionization detector was used. A glass col-
umn (2.0 X 3mm i.d.) was packed with 5% DEGS-

10

LS 7

] 500.m
Sample flask

Fig.1. Improved distillation apparatus for the
separation of sorbic acid from wine.

1% H;PO. on chromosorb W (AW-DMCS, 80-100
mesh) and conditioned at 190C ; the detector
and injector temperature were 220C. The flow-
rates of nitrogen carrier gas, hydrogen and air
were 47, 40 and 700 ml min~’, respectively, and
the electrometer range was 10°MQ X 0.08V.
3) Ultraviolet spectrophotometric apparatus.
tachi, Model EPS-032, spectrophotometer.

4) Kuderna-danish concentrator apparatus

Hi-

(2) Reagents

Analytical-reagent grade reagents were used
throughout the determination.
1)  Sodium hydroxide solution, 3% w/v.

N

) Potassium hydrogen sulfate.

) Sulphuric acid, 2N.

) Hydrochloric acid, concentrated.
)

)

Q1 o~ W

Butylacetate. Very high purity grade.

=2

Sorbic acid stock solution. Dissolve 134mg of
potassium sorbate (equivalent to 100mg sorbic
acid) in 1000ml of distilled water.

7) Sorbic acid working solutions for gas chroma-
tographic method. Prepare solution containing
from 0.02 to 0.2mg ml™" of sorbic acid by dilution
of the stock solution.

8) Sorbic acid working solutions for ultraviolet
spectrophotometric method. Prepare solutions
containing from 0.5 to 5.0ug ml ™" of dilution of
the stock solution.

9) Internal-standard solution for gas chromatogra-

phy. Prepare a 1% m/V solution of fluorene in

butylacetate.
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(3) Procedure

Pour 10g of wine into a 500-ml round-bottomed
flask. Add 10g of potassium hydrogen sulfate, 10ml
of 2N sulphuric acid, and a few drops silicone anti-
foam agent. Connect the flask to the steam distilla-
tion apparatus as shown in Fig.1. Place 50ml of 3%
sodium hydroxide solution in each of traps A, B and
C for the collection of sorbic acid. Gradually heat
the steam generator, and then, maintain vigorous
boiling Continue the distillation for 45min. After
cooling room temperature, examine the solutions in

an each traps as described below.

(4) Determination of sorbic acid
1) Gas-liquid chromatographic method.

Drain the solution in the traps A, B and C into a
500-ml calibrated flask and fill to the mark with dis-
tilled water. Transfer 200ml of the alkaline solution
into a 300-ml separating funnel. After acidification with
hydrochloric acid, add 50g of sodium chloride and
shake the funnel with the content for 1min. Extract
twice with 10ml of butylacetate, shake for 5min, and
discard the aqueous layer. Concentrate combined
extract solution to 5ml with Kuderna-danish concen-
trator at 45C. Add 0.1ml of the fluorene internal
standard solution and finally dry the contents with 1
g of anhydrous sodium sulphate. Inject 2-ul aliquot
of the final butylacetate extract into the gas chroma-
tograph with a flame ionization detection. The re-
tention time of the sorbic acid relative to that of fluo-
rene is 0.57. Compare the peak height for sorbic
acid with that for fluorene (The standard graph for
the concentration range 0.02 to 0.2mg ml™" of sorbic

acid is a straight line passing through the origin).

2) Ultraviolet spectrophotometric method.
Drain the solution in traps A, B and C into a 500-
ml calibrated flask and fill to the mark with distilled

water. Transfer 2ml of the alkaline solution into a

10-ml test tube (10.5cm X 1.5cm id.). After acidifica-
tion with 1ml of 2N sulphuric acid, the absorbance of
the solution is measured at 265nm in 10.0-mm cells
against a blank carried through the procedure simul-
taneously. Compare the absorbance for sorbic acid
with the standard curve (The standard graph for
the concentration range 05 to 50ug ml ™" of sorbic acid
is a straight line passing through the origin). The

amount of sorbic acid was calculated as follows ;
Sorbic acid in sample (ppm) = (B+ A) X (m, + m,) X 250

where A and B are the absorbance values of stan-
dard and sample respectively. A mug is the
amount of sorbic acid per milliliter of the standard
solution with absorbance A corresponding to the
corrected absorbance, and m.ug is the amount of

sample present.

IT. Results and Discussion

Varying conditions for the determination of sorbic
acid in wine were studied. A series of experiments
was conducted with 2.0-mg quantities of sorbic acid
to establish the sodium hydroxide concentration re-
quired for maximum collective yield and the distilla-
tion time for the separation from wine using the
steam distillation apparatus as shown in Fig.1. As
can be observed in Table 1, a constant collection in
the traps A, B and C over the sodium hydroxide
concentration range 1.0-3.0% was obtained for sorbic
acid and, above the concentration level of 10%, the
collective yield gradually decreased.

In practice, 3% was adopted as optimal. On the
other hand, if three traps were not present, the col-
lection yield decreased to 90.4% when using only
trap A and to 94.2% when using traps A and B.

However, when three traps were used, the collec-
tive yield was 98.9% and therefore the arrangement

shown in Fig.1 was adopted, which prevented inter-

Table 1 Recovery of sorbic acid with different concentrations of sodium hydroxide solution

Concentration, % 0.5 1.0 3.0 5.0 10.0 15.0 20.0
Recovery, %
Trap A 80.1 90.3 90.4 90.0 89.7 90.0 88.4
Traps (A+B) 839 94.1 94.2 94.0 93.7 85.6 50.7
Traps (A+B+C) 88.6 98.8 98.9 98.0 90.1 80.4 20.1

11
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Table 2 Optimum distillation time for the collection of sorbic acid

Distillation time, min 10

20

30 40 50 60

Collective yield, % 40.2

75.4

80.6 98.8 98.9 98.8

Table 3 Effect of the presence of ethylalcohol on the determination of sorbic acid by the
gas chromatographic method(1) or the ultraviolet spectrophotometric method(2)

Mixture ratio

Recovey of sorbic acid

Recovey of sorbic acid

water : ethylalcohol by method(1) by method(2)
10 0 98.4 98.1
9.5 0.5 98.3 98.7
9.0 1.0 98.7 98. 4
8.0 2.0 98.4 98.2
7.0 3.0 98.4 98.6
6.0 4.0 98.5 98.3
5.0 5.0 98.9 98. 4

fering substances from wine in the analysis. Subse-
quent experiments were examined for the effect of
distillation time for the recovery of sorbic acid. Sor-
bic acid and all of the reagents mixed in total of 20
ml of solution were permitted to distillate for 10, 20,
30, 40, 50 and 60min. As reflected in Table 2, each
yield, similar to that described above for the collec-
tion of sorbic acid, was obtained after 40min of distil-
lation and could not be increased by a longer distilla-
tion time. Therefore, the distillation was found to be
a nearly complete collection of sorbic acid after 40
min; to ensure an excess of time, while in practice,
45min was used.

Various solvents such as butylacetate, ethyl ace-
tate, hexane, ethyl ether and 4-methy pentane-2-one
were tried as extraction solvents of sorbic acid in
the distilled water for the gas-liquid chromatographic
assay. The most suitable of these solvents was bu-
Al-

though ethyl ether was a suitable solvent, it was not

tylacetate and the least suitable was hexane.

preferred because of high volatility.

Furthermore, as a shaking time of 1min was the
minimum for complete extraction of sorbic acid, me-
chanical shaking for 3min was used.

On the other hand, to investigate the effect of eth-
ylalcohol in wine on the determination by gas-liquid
chromatography or ultraviolet spectrophotometry,
1.0mg portions of sorbic acid were added to 0.5 to 5.0
g of ethylalcohol, and each mixture was distilled as
in the described procedure, and analyzed by both
methods. As shown in Table 3, the determination of

12

sorbic acid did not affect the results. Even if consid-
erable ethylalcohol was present (for example, Img of
sorbic acid and 7.0g of ethylalcohol), the distillation
procedure described removed most of it.

Next our concern was the extent to which any of
the various substances might inhibit the determina-
tion of sorbic acid in wine by gas chromatographic
assay. So tests were performed with various possi-
ble interfering substances such as preservatives ben-
zoic acid, 4-hydroxy benzoic acid and dehydro acetic
acid. However, these preservative peaks did not in-
terfere with quantitation of the sorbic acid, and it
should further be kept in mind that these sub-
As
shown in Fig.2., butylacetate extracts obtained from

stances are present at relatively high levels.

wine gave gas chromatograms with good peak char-
acteristics. For gas chromatographic determination
using the described procedure, a linear relationship
between peak height and amount of sorbic acid
could be found in the concentration range 0.02 to 0.2
mg by using fluorene as an internal standard. This
suggested that fluorene is suitable as an internal
standard. A combined gas chromatographic-mass
spectrometric examination was carried out as a fol-
lowing step to investigate the possible presence of
compounds from wine co-extractive in the determi-
nation of sorbic acid. For sorbic acid the mass spec-
trum of the component extracted from wine was
identical with the standard spectrum and interfering
substances were not observed. On the other hand, the

ultraviolet absorption spectrum of the extract after
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Fig.2. Gas chromatograms of butylacetate extracts

obtained from various wines after the distil-
lation procedure.
(b) and (d); 2mg of soric acid was added to
10g of red and wine, respectively. (a) and
(c); red and white wine. Sample size, 2pl.
A; Sorbic acid peak. B ; Fluorene peak

the distillation is shown in Fig.3., suggesting that most
of the interfering substances was removed. The ab-
sorption band at 256nm reported by reference 11
was not observed.

On the basis of these results for testing the repro-
ducibility of the gas chromatographic method or ul-
traviolet spectrophotometric method and the effi-
ciency of the recovery of sorbic acid from various
wines, known amounts of sorbic acid added to 10-g
amounts wine were determined by performing four
replicate testing on each of the wines listed in Table
4 or Table 5. The recoveries that were determined
on the gas chromatographic method ranged from
88.0 to 91.3%, with an average of 89.8%, at an added
amount of 0.5mg, from 95.1 to 98.0%, with an aver-
age of 96.5%, while at the added amount of 1.0mg,
from 95.0 to 98.4% with an average of 96.7% at the
added amount of 2.0mg, as shown in Table 4. On
the other hand, for the ultraviolet spectrophotomet-
ric method, the recoveries ranged from 88.1 to 92.3%,
with an average of 89.1% at the added amount of 0.5
mg, from 94.4 to 97.3%, with an average of 95.9% at
the added amount of 1.0mg and from 955 to 98.0%
with an average of 96.7% at the added amount of 2.0
mg, as shown in Table 5. Although rigorous recov-
ery studies were not carried out at levels below 0.5

ppm, somewhat lower recoveries were obtained

13
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Absorption spectra of sorbic acid obtained
from various wine after the distillation.

Curve A; Absorption spectrum of 2mg of
soric acid was added to 10g of red wine.
CurveB ; Absorption specrum of 1mg of sor-
bic acid was added to 10g of white wine.
Curves C and D; Absorption spectra of red
and white wine, respectively.

Fig.3.

from each wine of this level.

However, sorbic acid amounts obtained from both
methods gave a reasonable coefficient of variation
4.8% and without the need for further clean-up pro-
cedure. Futhermore, the detection limits were 25
ppm for the gas chromatographic method or ultra-
violet spectrophotometric method. The recovery of
both the gas chromatographic and ultraviolet spec-
trophotometric methods are in good agreement
within =+ 1.4%.
that both methods proposed in this paper are effec-

Therefore, the results demonstrate

tive in determining the amount of sorbic acid in vari-
ous wines.

From these results, it is concluded that the pro-
posed methods facilitate the determination of sorbic
acid and does not suffer from interference by co-
distilled compounds from wine. Therefore, the elimi-
nation step such as the Franch method” is not re-
quired. The proposed methods provide a rapid and
simple procedure for the determination of sorbic
acid in wine while permitting an analysis to be com-
pleted within 1 hour. Furthermore, the methods can
be proposed as a new alternative for the determina-
tion of sorbic acid in foods.

Therefore, the presented methods would probably

be applicable for experimentation in foods such as
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Table 4 Recovery of sorbic acid added to wine by the gas chromatographic method

Wine type Sorbic acid added, mg Sorbic acid found, mg Mean recovery, %
Red wine

0.5 0.45 0.46 0.44 0.45 90.0

1.0 0.95 0.98 0.97 0.96 96.5

2.0 1.92 1.91 1.95 1.95 96. 6
White wine

0.5 0.44 0.44 0.46 0.45 90.0

1.0 0.97 0.96 0.98 0.95 96.5

2.0 1.90 1.94 1.93 1.97 96.8

Table 5 Recovery of sorbic acid added to wine by the ultraviolet spectro-photometric method

Wine type Sorbic acid added, mg Sorbic acid found, mg Mean recovery, %
Red wine

0.5 0.44 0.44 0. 46 0.43 88.6

1.0 0.96 0.95 0.97 0.96 96.0

2.0 1.93 1.92 1.96 1.93 96.8
White wine

0.5 0.45 0.44 0.44 0.46 89.6

1.0 0.96 0.97 0.94 0.96 95.8

2.0 1.94 1.94 1.91 1.93 96.5

method of sorbate in wine. Shokuhin Eiseigaku
Zasshi (J.Food.Hyg.Soc.Jap.) 1976 : 17; 320-325.
Jaulmes, P., Mestres, R., Mandrou, B.: Compen-

fish or meat products, cheeses and others along with
sorbic acid. As this was not tested in our work, it is

the subject of a future study. 7.
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Effects of a Dietary Intervention for Japanese Youg Women.
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Nitrite Content in Various Animality Foods

M &5 - Bkl AT K Ol - B E
e =t - B EEE - IRE SRR ik B

AP OTEMBIEOFIEE, BT AL MIX MEZFOE VIERTISEITI L%, HRNTES Y MEWE= oy
ILEW % AT 2D S 5, 22T, AN, ERBLORAMTEST, F—X% ok aiics iy 2 ks
A fle LBUIRZ RS 2 LIS, BERoOME L OBERE 21T 572 ZOME, 4H, KABIUOHBRZ EOELR
P OEAEIZ0. IppmPA FTH - 720 /N 28130, 3~9.5ppm, ¥V —t— JIZABHE~19. Oppm, ~X— 2 > HH130. 3~15. lppm
ThY, FHIZFNZN4. 8ppm, 5.1ppm, 6.0ppmTdH > 720 MWEOHE & OLILIETIX, 19704E~19804E4C D Efili & 1) K
<, 19984ELIEDIE & TIXIZIZF L LNV TH o 720 TEIZERBHPOEFEOKBILA bz, —TF, FTF2I)
F— ZI A ~0. 53ppm, 7'Ht X F — X IE A ~2.00ppmTH V), F3Hix 210, 12ppm, 0.35ppmTdH - 72,
HAETIZRMATED SNTWRWIZH 2hb ST S hz,

F—T—FIEERN, ARBXORANTRS, F—X, WEHRE &6

— I 2i370g/kg (70ppm) BT, RN B LW
I. IIC®IC Al Y —t — Y I21350g/kg (50ppm) BLF, & 512

4275, AVaB LUy Fa212135.0g/kg (5 ppm)
v MIHEMERE (NO. ) ZAMAEIC X o> TEMIZ DTFORMABRD LN TWAEY s D20, & MEZ

Bl b OOFITHRNITERL T2, NS ORh & ) % o AR 2 B B
L2 L, HRBEISEFMICIEIARRETH D720 H Bl b,

RERBET COMFEIIMETDH D, b MATHARAMED TERYERIE X E N BARIC D HHEL D 525, b ol
EAEICERT 2B EIMOTO VLD THDL, £I25H TR DAL S L CRIEIC 2 5 7201, FEf

AR (XA RIS s &, MiRfFEo I+ MR SN2 BRERELTA PAEZ O Y UIUE

raoErpb=tuy IFruerypAar, BEmo ZHIERIFTIETHRIDELASN TN,
Fd 2 LERCEEIER SN, Zhe#yd b LA L, FRICHARIEA A L CREIC R 5 720
tztuvirruntib, SHIEEELRELY &, b PMEIL ZIERIRIEDSHNTT I Y E R
IRk DERERIER SN T72, BMRIEEIRY Y RIS LTHT Y HEWEON-= b u v ke z &
X A% ED% L OMBEEIIN T 2HRIEMND H 5 72 &T%T EMES R S N2 TH LT, ThEeH
DY, WMEOADRBHRZESESH Z &3 T S RAFE I, ERMOEMBRIEOFEIIS I TLIEIR -7
DL, S5, WML ERISRNYT 5L, Ik BULE D B OAHEAT Y, MRS E TR ZED D 5
W7 SUBIIAY 2 b DO EADIREREL 72§ 2 L 2° NTE 720 73 VHUIMIR N 2 EIZBEITHFEL

DhoTVDEY TNHDRHO0, ARG THEY, THEZRULZEREE LTWEDHETI

R T — A7 EOBLE S 72 & ] TR o fil BRAE COMBEIEERZHOHETH Y, SRR IEM

EFRELTHRNTAIEZADTVD, bAETIX ENTVBHEMBEOFEICKRE MO TrEs 2
F = ANOFFITRD T\ 2s, A %é&fiﬁ Ll o7,

WEEMEEHE (NO, -N) & LTHERENB X OAN —75, ks aih ol (NO,) Mt
* 7 U EMR S

87



g lets £ AR Vol33,2012

WX o CTHAEEEICRICE NS 2 NG oTED,
D7z, T OREEERYEO A AE 1T AN o AL TR
D9 B T LMD, MATERE &I ORERYE
DI S BIRASH 72T Wb, Z OO DB
LLTF—ARMEE L oTWh, HLFOFF 25
VT — A DOBE DY A B O W FERE 1 O a1
DISFEWINC L ) T ARBEOR 5 Z 213 X BT
LI ETHD, TORFITIEIHZELVWRRERETS S
EREMTH D, TDD, F—ADONIIZEEIIZE
L LA IZ R OIEST 2 2 L25BO b b,
ZoZiiETavA Yy FEENRTWS, ZHIIRL
THAL IO B3 % TN L7288 23R 2 #i L,
ZD720OF = ADBEORMAEFGIETE 2 2 L0 <
S REERIIZH S N TV B, Z O IEmERE (NO,)
DEMBRRTH B I EHRESNTVDH, Th
37— XHPIUSHAAE S B M ERIE R TC IR SR S 7= fil e
Yo 2 WA MRIE (2R IT L 727200, AR S N HiAY R A
B ME DO BEIR T O FE R 2 P § 2 720 TH 57,
COTENS, DHE O A L TIRANRE  FE
PR E L CTF—ZADKEFRF 1Y v VY720 fiiEED
AT AEFEEF Y T A E LC0. 208l T O
MAFED LNTWDB, ZDIED, F— AR 5
BIEORIEIZIZH F 7R T T VN TIEF — AR

19y PVHZDEBoOR ) v A F 23T M)y A
&L TO0.20gBLF, +5 ¥ ¥ Tl30.15¢% E23H 57,
D7D, F— ABEIZEMBESRMS L TWi
WIZH Db ST ENREZ DB LA, ThidF
— RNAAET D IR Sk O WS Cd 5 2 & 81R
WEhTwa" ", $hbb, F—XPIHLET LM
AR YR & AR ISR L R THh D, IO
£91g, F—AEMTHAMBIESRIN S Tni L
Th, ARGk O A RE AW SN2 W REMED D
bo FIT, BAHEOTF— ZEIN BT B AN 2
MELzE A, FIH0. 5ppmd A4 ER I 25k S 1
727, ZOZEIFAMHESEEOMETHY, S5
ICEMEROBICRILE & 232 81Cb R D,

FR224F 7 A22H o p EIfiF AR O FEFIC KUY,
WAEE 2 L2 A2 &L CT7 ADSELT L, 169A
PEFHEAFIZEI LTS, 2OLHIZ, BHIETDH
FAnIC BT B M ERIE TR E % 521 T B B AR
HEINTWwb,

SRofE T, RIS Wi AER, ERB
CHAMTHEG, F—XICB s HMBEo &%
TRAT L, ANEAE EIZBWTHER W, S
51, BRICBTL2IMER L ORBKRE 17720 T

Wity %o
0. X&AX

1. SRBLUHE

(1R

AR A, KA, BRW), SR8 X CRANL

B ONAHE, V—tk—Y, R—a v, ARV —t

—), F—R(FFaFNVF—X, TOELAF—X)

B EAFL, Sho2EBRICEL, 27201,

BERIEETEEODOZREE L, 72, ARBX

UM LS, N—a V¥, F— X34 TEEDs

HoTWBEHDEREE L7,

(2)33E

1) AVIZ 7= VT I FBWR: ANVT 7 =)V7T 30.5
gZ WM (1 + 1) HiE100mII i L CEid %,

2) FIFNZFLYITIVER I N 1-F7F
V) TF Ly IT I IO, 12g% 78 K100ml
IR L, RERHNEAMT D, ZOERIZ
B ANIRE T %o

3) MAYERIAR AR C WANEE S ) Y A R AR TV
r— & C2ARE [ H2 B L 7214, Z D0.493g% K
FEL 72121000mlod X A 7 5 A 2128 LR KIC
BIRLEMETAAT Yy 795, ThElkEg
L35, RIZ, TOFFEIOMIZ100mIDd X X 7 5
A 2IZED, WHEAKZIMZTI00mIO X A7 T A
B LEMETAAT vy I35, ZOHK, 0
B D2.0mlZ100mlD A A7 5 A3l2k D, K
BAKTEMETAAT Yy 7L, ThEEERgs
% (KRR o AEEHEE 1 mUE A mR v =
#% (NO.,-N) 0.2ugl2ti43 5%,

4) BEERT Y B AW BT v E= T A
100g % IR ARF900mICEM L, 10%7 v E=T
IR CpHI. LICHREE L2k, MEAKZINZ T
1000ml& ¥ %,

5) 0.5mol/KIEILF ~ U w7 A JKEWE - KEBILF M)
7 A10gZ500mld A AL ) Y ¥ —lZwh, Th
I R400mITHER L, TO%, EHRETAR
T T T b,

6) 12%MiERAE S /KVAME - WRERHESY (ZnSO, + 7 H,O)
12g%100mld A 2 Y ¥ ¥ — 12w, H## K80
mTHERL, TO%k, ERETARAT v TT5%,

7) 10%7 Y EZTKEW W7 ¥ E =T K36mliZ
AEKEMZ CT100mlE § %,

72, REILTRTHDGHE TERB SRS 0 %



1%}% L7

2. BHBIEDEE

(1R R %

OAEER, ARG X HART AR E2Mr <Y
N, Z010gxk &t by, ThE80CHIRLKI70mIZ N
ACTLUVF—IIBLEFEYF AL X T 5, 21%200
mlO IR I EORBE TERENICRL, S5
WA AR Ol CHUEZE - TR A I
%o Zok &R oOREIZK150mlE T 5,
% 72, BIZIRE K150mlAsH 2 T & %200mlo F 48
WeE 2 HET 5. enFhodelb w120, 5mol
KEEALF bV 27 AKE#1I0mIZ 2 T X SRAL,
B B IZ12% N EE SR KB 10mIZ M2 TR CIRDY
B2, LELEXRYEELIL0THOKKBHT
2050 BN %0 E D%, WARPTRRE TEHHAL,
CNICEEER T v = v ARREHET20mIE N2, X
SIZHEKZMZT200mlE T 5, ZONEE XL
BAIL, #1005 RME L7z, Wiz vt
B=M7 7 XA3hABBL, mOO5HEA20ml%
BT, DB R A% RBERE 35,

% 72, BZIRE K150mlAs T 2 T & %200mlo F 48
a2 HEL, il ERBRICEREL, Boh
Z 7AW R ZERBREI L T 5,

@F =X AN, SRELB X OCRREBOYS
[FIRRICEAES Do 72721, 0.5molkKEE LI N 1)
LVEEB X O 12% i FR SR /K BRI 2 N Eh20m %
w2,

(2)58 B IR
WA, R1IORT L 918, @ OERERR

BREE T —F VB E LA EN TS YT

VHhy T 7 EMR L THE Lz, Thb

+, SEOREBRAN20mIC ANV 7 7 =V T X R 1 ml

EMATRAL, ROTFIFNZFLIYITIVE

W1mlB X OHEAKEMZ C25mle L, X <EAIL

THM S 205 FIBE § %0 R\ T2 R BRI #20m]

WOV TRBRIA TR & FARICEREL 72 b o &2 R i L L

Btk £ an b o HERS R AR & A

NH:‘O‘ SO:NH: 4 NO7 + 2H' ———mmm N:ﬁ--@--somm
NE

ANTF=NTLF T =7 L4 (B)

NH+CH-CH.-NH, NH-CH+-CH,*NH;
(B) + m e L%
A
I' N _% - J
F7FRTFL N ‘\{/SO‘M{”
UT i 7
1 HEBRIEAEICH T3 RIE

THESAONmIZ BT 2WOLEAZHIEL, H5»LD
PER L 72 i it A & SBRIE I 20ml v o W A e 1k 48 3%
mERD D, B, WBRBEEIEBL TV EAIZI
RERAE20mIC YRR (1 + 1) W 1 mls X %Y
K 1ImlzMAT2mle L7zd ODOWEEAZ 28K
THEE LTHEL, A—Ack b 20mlr o i w1k
SEEREERD DL, B, WAHBESEEE S EAERE
w2 T A BICIIRERD S 2 5 N AR SR
HIZEIRES. 28% 9 Z LI X D IRD T,
(3R DR

T3, MAEEEAEE AW 2ml, S5ml, 10ml, 15ml
B L U020ml%E 25mlo A RABE ICZhZh e ),
WRAKEZMZ TH20mIE T 5, TNHIZAVT 7=
V7 I R 1 mld D% &R R EBRE Iz < &
CIRAEL, KWT, F7FVIFLIIT I VHHL
ml¥ o & EHAKEMZ T25mlE L, X EAT 5,
B e A SR BRI AR K20mlZ & 0, AR HRAE
L72d0&MBEE L T205 I #E540nmic BT %
ZNENOWSLEZWEL, MEMEERKT 5,0

m. &8

1. SRERAICH T2 BERBIENEEE

HEREWICB A HMEBRESEEB X OISO &
HOMGRERTIIRT, FH, KRB IUERO 31
BUTOWTHE L7KER, R1IZALND XHIZ,
VA BB R R AR ~0. 16ppm (AR 28 A M
~0.05ppm), ¥ [HO0.06ppm ([[0.02ppm) T b

X1 TRERNICHT2EHEBIENEEE (ppm)
T TR AR WAEErEEE T WA Y
£ LS| 5 n.d.~0.05 0.02 n.d~0.16 0.06
KA 5 nd~0.15  0.06 n.d.~0.50 0.20
A 5 n.d.~0.03 0.02 nd~0.10 0.07
ROy 0.03 0.11
nd. ; Ak

89



g lets £ AR Vol33,2012

£2 THROBEASIVEANIREICE2EHBENEEE (ppm)

it FE 4 B MASEREEER ANERMEIREE
N LH KL ANL 4 0.1~2.9 0.3~9.5
Py 1.2 3.9
O— 2NN 2 1.6~2.5 5.2~8.2
Py 2.1 6.7
Py 1.5 4.8
V—t— V—t— 5 0.2~5.8 0.7~19.0
Py 3.1 10.1
Ay —k—Y 5 n.d~0.1 n.d~0.3
Py 0.0 0.1
Py 1.6 5.1
N—a UH N—av 5 0.1~4.6 0.3~15.1
Py 2.8 9.3
BN G| 1.8 6.0
nd. ; AR

D, KPR ERIE AR ~0. 50ppm  OEASEEYE 2R
BB ~0. 15ppm), FIH1Z[E0. 20ppm ([5]0. 06ppm)
THY, T/, BRIZERMHEREABE~O0. 10ppm (F
TR & ZA M ~0. 03ppm), “F31EIF0. 07ppm ([F]
0.02ppm) TH o720 EHIZ, RO FI LW ARG
0.11ppm (MEASERES2320. 03ppm) TdH - 726

2. BRSSLVARMIERICE T 2EEBRIENEEE
(WERB X OARAMTEMCB ) 2 EmMEEEEs X

ORI O & A 1

2 FHC B 2 B A ROMER R LR 2 1IRT, &
NOOWEFTEHEAENRDBVOIZY —t—T DM
Ay RE19. Oppm CIEAY R4 22 365, 8ppm) TH D,
VDAY —t— T D[FEO0. 0ppm ([70. 0Oppm)
THY, 2RO FHIEFE6. oppm ([F1.8ppm) TdHh -
72
()N 2 BT B BRI o & A '

NLHIL, R2ICALNDL LI, BOBBOADIER
Y L AN OHAEEEYE. Sppm (MRS 22322, 9ppm),
i ARV 010, 3ppm ([H0. Ippm) TH Y, FHiE
[[4.8ppm ([F]1.5ppm) TH o720 F7z, NLFERIC
Hb L, R ANLOEE ORI, 3
~9.5ppm (HiAEEEVESE30.1~2.9ppm)) TH Y, F
¥)IEF3. 9ppm (1. 2ppm) THo7ze Fhw— AN
L OEH m ORI A ERIES. 2~8. 2ppm  (EAYERTE
%#3%1.6~2.5ppm) TH Y, FI#IZE6. 7ppm ([F2.1
ppm) THolze —J, AANLIZOWTIEHYE Tl
W2 HNedolzizo, SENERAET L2 LI1ET
Xhhol,

90

(3)Y =t =T8T 2 EMREOEH =
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ERDGEDD L. s, HiREhTw
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Having Different Genetic Backgrounds.
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