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Carotenoids occurring in the adult sea-trout in the river 

Gowienica during spawning migration, spawning, and post­

spawning migration are presented. Carotenoid contents in the 

fins, skin, muscules, liver, gonads, and intestines of 8 males 

and females were determined by means of column and thin 

layer chromatography. 

INTRODUCTION 

The trout (Salmo trntta L.) occurs in the river Gowienica catchment (Chelkowski, 

1966; 1967 a, b). The Gowienica is a 53-km long Pomeranian river draining into the 

Szczecin Lagoon. The juvenile sea trout (smolts) descend to the Szczecin Lagoon and on 

to the Baltic Sea. After a feeding period in the sea, the adult sea trout come back to 

spawn in the Gowienica. 

When studying carotenoid contents in various salmonids (Czeczuga, 1973, 1975, 1977, 

1979a, b, 1982), we became interested in carotenoid levels in the adult trout caught in 

the Gowienica during their spawning migration, spawning, and post-spawning migration. 

So far, carotenoids in the sea trout have been dealt with by Andre (1926), Steven (1948, 

1949). Thommen and Gloor (1965), Jarzqbek (1970), Czeczuga (1975), and Matsumo et 

al. (1980 c). 



188 B. Czeczuga, Z. Chclkowski

MATERIALS AND METHODS 

We studied carotenoid levels in fins, skin muscles, liver, gonads, and intestines of 8 

male and 6 female Salmo trutta L. caught in the Gowienica during their spawning 

migration (14 December 1979; 3 October 1980), spawning (14November 1980), and 

post-spawning migration (22 December 1980). 

Carotenoid pigments were separated by means of column and thin layer chroma­

tography. Prior to chromatography, the materials were hydrolysed for 24 h with 

10% KOH in nitrogen at room temperature. The hydrolysed extract was run through an 

Al2 0 3 "filled column. The columns (Quickfit, England) were 15-25-cm long. The 

fractions were eluted with various combinations of solvents (Czeczuga and Czerpak, 

1976). The eluent was then evaporated and the evaporation residue dissolved in an 

appropriate solvent to obtain absorption curves, its maxima being used, i.a., to identify 

the carotenoids. 

Apart from column chromatography, the acetone extract obtained was separated to 

individual bands by means of thin layer chromatography. Silicon gel (Merck)-covered 

glass plates (15 x 40 cm) were used for placement, by means of a micropipette, of 

acetone extracts, varfous solvents being used as well (Czeczuga and Czerpak, 1976). The 

Rt value was determined according to the generally accepted procedures. 

The carotenoids were identified from absorption peaks in various solvents, the Rt 
value being compared to the reference, and also from the epi- vs. hypophase relationship. 

The references manufactured by F. Hoffman-LaRoche, Basle were used for �-carotene, 

�-cryptoxanthin, cantaxanthin, echinenon, lutein, zeaxanthin, tunaxanthin, and 

astaxanthin. The absorption peaks were determined on Spektromom-203 and Specol 

spectrophotometers. 

Quantitative relationships between various carotenoids were determined as in Davies 

(1965). 

RESULTS 

a) Carotenoids occurring in sea trout during spawning migration (Tables 1, 2, 3)

Carotenoid levels were determined in 7 individuals (2 in 1979 and 5 in 1980). Results

of chromatographic assays made on the 1979 individuals are presented in Table 1. 

Various organs of the females analysed were shown to contain 16 carotenoids, 12 being 

identified in males. No �-carotene epoxide, �-cryptoxanthin, lutein, and 3'-epilutein 

occurred in the male organs studied. Astaxanthin ester occurred in all the male and 

female organs tested. With regard to the total carotenoid content, the highest amounts in 

females were revealed in their skin, fins, and liver, the muscles showing the lowest 

contents. On the other hand, all the male organs contained, on the whole, less 

carotenoids, the highest contents being exhibited by the intestine and the lowest by the 

gonads. 



Table 1 

Per cent composition of carotenoids in some organs of pre-spawning Salmo trutta (14 December 1979) 

'?, I.e. = 49 cm w = 1.520 g d, I.e.= 69 cm, w = 3.275 g 
Carote n o id 

fins skin mus-
liver 

intes- muse- liver intes-

cles tine gonads fins skin 
les tine 

gonads 

f3 - carotene 21.3 16.7 16.6 13.9 

f3 - carotene epoxide 37.4 

{3- cryptoxanthin 23.9 14.7 18.9 40.0 

canthaxanthin 8.0 12.5 11.4 11.1 6.0 8.1 

lutein 5.3 12.0 

3' - epilutein 3.2 3.8 

lutein epoxide 25.2 11.5 31.3 8.4 1.9 14.1 

zeaxanthin 15.0 7.5 13.9 22.8 12. 7 30.1 41.1 53.4 

adonixanthin 49.1 7.3 45.0 

phoenicoxanthin 4.4 20.8 23.1 42.9 35.2 

diatoxanthin 18.4 30.1 20.8 

tunaxanthin 3.8 3.1 

ncothxanthin 12.2 17.3 

l\'- doradcxanthin 9.1 6.4 10.1 4.4 12.9 10.4 24.4 

astaxanthin 5.8 27.7 

astaxan thin ester 14.6 39.0 trace 8.7 trace 34.0 40.8 26.7 trace 4.5 13.3 trace 

Total carotenoid content 1.699 1.739 0.375 1.475 1.283 0.412 0.442 0.464 0.340 0.582 0.663 0.121 

in µg/g wet weight 



Carotenoid 

{3 - carotene

Cl' - cryptoxanthin

{! - cryptoxanthin 

can thaxanthin 

3' - hydroxyechinenone

lutein 

3' - epilutein 

lutein epoxide 

zeaxanthin 

adonixanthin 

diatoxanthin 

salmoxanthin 

tunaxanthin 

a - doradexanthin 

astaxanthin 

astaxanthin ester 

Total carotenoid content 
in µg/g wet weight 

Per cent composition: of carotenoids in some organs of pre-spawning Salmo trutta (9�

(3 October 1980)

L. c.= 65 cm, w = 2.900 g I.e.= 55 cm,

fins skin muscles liver in ten-
stine 

gonads fins skin muscles 

7.9 6.8 13.6 6.1 3.4 11.l

4.0 6.3 20.0 3.7 

5.6 3.1 40.3 5.0 8.6 20.2 2.9 9.4 

1.9 1.8 2.6 10.3 

2.7 

4.7 5.2 17.9 

6.0 2.7 6.7 11.4 4.9 34.5 8.1 

25.5 5.3 4.0 46.3 

12.2 79.6 15.2 39.4 19.0 10.6 10.1 

3.0 25.6 6.7 

22.l 1.9 13.l 37.0 

2.6 13.3 

14.7 3.8 

17.7 8.6 7.0 6.8 5.5 39.9 5.9 

7.4 

5.9 7.7 46.0 17.9 13.3 

1.100 2.317 0.931 0.749 1.335 0.144 1.365 4.833 0.960 

Table 2 

w = 2.200 g 

in ten- gonads 
stine 

21.0 

20.8 33.8 

3.9 

! 

4.1 

8.6 

54.2 

11.1 

8.4 34.1 

3.357 0.177 



Table 3 
Per cent composition of carotenoids in some organs of pre-spawning Salmo trutta ( cl) (3 October 1980) 

I.e.= 52 cm, w = 1.700 g Le.= 56 cm, w = 1.900 g I.e.= 42 cm, w = 0.880 g 

Carotenoid 
mus- in ten- mus- in ten- mus- in ten- gonads fins skin liver gonads fins skin liver gonads fins skin liver 

cles stine cles stine cles Stine 

/3 - carotene 20.5 49.9 10.9 4.5 29.6 18.0 4.3 6.1 4.9 7.2 21.4 

C< - cryptoxanthin 13.6 30.2 

(3 - cryptoxanthin 14.7 27.8 8.6 10.7 5.8 25.3 19.7 12.9 30.6 2.4 18.2 11.1 

canthaxanthin 27.6 14.7 3.9 24.2 16.8 17.2 55.9 6.6 1.6 6.9 5.9 

echinenone 16.9 

3' - hydroxyechinenone 2.4 5.5 

lutein 20.4 5.1 15.6 7.4 3.0 8.9 11.6 

3' - epi!utein 16.3 5.2 7.9 3.8 13.2 3.8 5.0 

Lutein epoxide 3.8 12.6 15.3 18.0 10.6 45.0 17.9 44.1 19.9 10.7 9.3 

zeaxanthin 10.8 19.I 1.7 11.4 31.1 27.0 4.8 12.5 17.2 6.5 25.8 11.8 

phoenicoxanthin 14.6 4.4 3.1 

adonixanthin 15.7 14.0 7.2 6.0 4.0 5.1 

diatoxanthin 8.2 

salmoxanthin 7.7 II.I 

tunaxanthin 14.8 21.3 

C< - doradexanthin 7.4 33.4 8.6 24.4 20.6 8.2 

astaxanthin 6.0 3.0 21.8 26.3 5.4 6.2 

astaxanthin ester 10.7 34.8 25.6 67.8 49.7 9.6 35.4 12.2 13.3 13.7 18.9 4.2 16.1 35.2 15.7 

Total carotenoid content 7.575 0.846 1.408 1.049 2.279 0.150 3.369 1.699 3.389 1.603 8.131 0.132 4.973 1.014 4.233 2.461 6.973 0.714 
inµg/g wet weight 
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The results concerning those individuals migrating to spawn in October 1980 are 

presented in Table 2. The females and males examined showed the presence of 16 and 18 

carotenoid pigments, respectively. Most female and male organs analysed conteined 

r-carotene, r-cryptoxanthin, various forms of lutein, zeaxanthin, a-doradexanthin

(females), and estaxanthin ester.

The highest total content of carotenoids were revealed in female skin, fins, and 

intestine, and the lowest in gonads. In males, the carotenoid-richest organs were fins, 

muscles, and the intestine. 

b) Carotenoids occurring in sea trout during spawning (Table 4)

The three individuals analysed yielded a total of 19 carotenoids. Most female and male

organs tested were found to contain �-cryptoxanthin, cantaxanthin, lutein epoxide, 

zeaxanthin, a-doradexanthin, and astaxanthin ester. The presence of salmoxanthin should 

be emphasized. The total carotenoid content in both sexes was at its highest in fins, skin, 

and the intestine. It was only in one male that the muscles conteined a relatively high 

amount of carotenoids. 

c) Carotenoids occurring in sea trout during post-spawning migration (kelts)

A total of 17 carotenoids were identified in both females and males, 2 individuals of

each sex being tested. Most organs were found to contain �-cryptoxanthin, cantaxanthin, 

3'-epilutein, lutein epoxide, zeaxanthin, a-doradexanthin, and astaxanthin ester. The 

presence of salmoxanthin as well as of parasiloxanthin should be particularly stressed 

here, too. The gonads of one female yielded r-apo-2'carotenal. 

With respect to the total carotenoid content, the carotenoidrichest female organs were 

fins, skin, and the intestine, and in males additionally muscles and the liver (in one 

individual). 

DISCUSSION 

Most carotenoids found in the Salmo trutta individuals tested had been already shown 

several times in numerous other fish species (Tanaka, 1978). On the other hand, some of 

the carotenoids found belong to the so-called rare carotenoids, e.g., echinenone and its 

derivatives 3'-hydroxyechinenone, salmoxynthin, idoxynthin, and parasiloxynthin. 

Echinenone was shown to occur in some individuals of carp, Cyprinus carpio 

(Czeczuga, 1979 c).In salmonids, echinenone was found in Salmo gairdneri from culture 

ponds (Czeczuga, 1979 b), in some other freshwater salmonids (Matsuno et al., 1980 c), 

and in certain marine species (Matsuno et al., 1980 a; Czeczuga, 1982). The echinenone 

derivative, i.e., 3'-hydroxyechinenone, was found in some marine sahnonids only 

(Matsuno et al., 1980 a). 

Salmoxanthin has so far been regarded as a carotenoid specific of salmonids only; it 

was identified for the first time in Oncorhynchus keta (Matsuno et al., 1980). 



Table 4 

Per cent composition of caroten.:>ids in some organs of spawning Salmo trutta (14 November 1980) 

'i', l.c.-69cm, w-3.640 g o, l.c.-50cm, w- !.310 g o, l.c.-47cm, w -1.270 g 
Carotenoid 

mus- liver in ten· gonads mus- in ten- mus- in ten-
fins skin cles Stine fins skin cles liver stine gonads fms skin cles liver 

stine 
gonads 

/3 - carotene 8.4 6.8 12.2 19.7 10.5 5.6 13.2 

/3 - carotene epoxide 10.8 

IX -cryptoxanthin 7.7 9.5 7.5 11.0 4.0 

/3 -cryptoxanthin 24.6 8.5 19.1 21.1 10.l 10.0 7.6 8.6 9.0 11.9 31.3 22.9 11.8 17.8 10.9 

canthaxanthin 6.3 2.4 21.4 4.0 12.0 10.0 17.9 15.6 24.8 23.3 3.0 16.6 2.0 26.8 

lutein 9.1 7.9 11.5 9.2 10.5 11.0 

3' - epilutein 5.7 11.0 4.0 12.0 27.8 

lutein epoxide 6.0 13.4 11.6 24.4 8.0 4.3 6.0 12.l 1.4 11.3 34.9 2.0 

zeaxanthin 3.5 31.6 12.3 8.7 13.0 5.2 31.2 8.0 43.0 22.l 19.3 27.0 23.6 7.1 9.0 10.0 

diatoxanthin 9.1 

adonixanthin 13.8 9.5 11.7 4.6 18.0 26.9 14.4 29.0 

phoenicoxanthin 3.7 8.3 

idoxa�thin 36.5 49.8 1.0 

tunaxanthin 4.8 

neothxanthin 7.4 4.9 

salmoxanthin 9.5 18.0 2.8 4.0 4.9 

IX - doradoxanthin 13.8 6.8 8.4 2.3 20.3 14.0 10.7 7.9 17.0 6.7 3.2 2.9 6.6 26.3 6.7 

astaxanthin 7.8 12.8 

astaxanthin ester 12.4 21.0 14.2 4.6 26.5 42.6 31.7 25.0 10.7 3.5 1.4 ll.7 7.0 12.6 22.8 11.8 5.0 

Total carotenoid content 1.178 4.761 0.687 0.565 1.002 0.403 2.786 6.574 
in µg/g wet weight 

0.322 0.815 1.872 0.505 5.742 11.490 3.211 2.399 2.562 1.064 
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Table S 
Per cent composition of carotenoids in some organs of post-spawning Salmo trutta (22 December 1980) 

o, Le.= 59 cm, w = 1.800 g d, L c.= 43 cm, w = 0.940 g ?, I.e.= 57 cm, w = 1.700 g ?, Le.= 67 cm, w = 2.550 

Carotenoid 

fins skin mus- liver in ten- gonads fins skin mus- liver in ten- gonads fins skin mus- liver inten- gonads fins skin mus- live inten- gonads 
cles stine cles stine cles stine cles stine 

/3- carotene 4.9 12.1 8.4 20.0 13.5 11.3 

C<- cryptoxanthin 26.3 13.7 7.4 5.1 5.7 

/3 - cryptoxan thin 5.0 10.4 22.4 12.8 8.3 21.1 3.8 11.5 20.4 15.4 21.5 20.9 10.8 17.2 39.0 15.7 17.7 12.2 16.4 48.0 33.5 23.7 

canthaxanthin 7.0 6.2 48.0 ,3.3 1.6 47.5 25.9 12.7 11.0 19.9 5.0 13.2 2.5 17.6 2.7 

lutein 19.0 8.3 29.8 

3' - epilutein 9.0 8.6 13.9 8.7 17.0 8.0 16.5 6.5 11.1 11.2 

lutein epoxide 5.8 18.7 36.6 3.6 7.0 4.6 16.5 12.0 5.6 14.l 13.3 12.0 21.3 5.0 

zeaxanthin 13.0 16.5 4.0 31.3 12.6 9.4 9.8 9.5 23.7 12.8 32.4 30.0 6.0 5.9 25.0 21.5 38.9 23.8 18.0 9.2 12.8 

salm ox an thin 23.8 12.3 6.0 3.8 10.6 7.2 

tunaxanthin 6.6 

adonixanthin 2.2 15.7 7.1 8.3 10.0 11.7 10.3 3.2 

diatoxanthin 5.9 2.0 

phoenicoxanthin 23.5 7.2 13.7 

parasiloxanthin 6.6 7.0 

c, -- doratexanthin 13.4 5.0 2.9 5.6 4.0 3.6 36.4 20.4 7.8 7.7 25.8 14.8 7.1 7.0 11.5 6.0 

astaxanthin 14.7 9.0 5.6 9.9 

astaxanthin ester 7.6 36.3 20.7 29.7 50.4 18.8 25.2 58.6 50.5 26.0 2.5 9.0 30.0 2.7 22.5 24.6 26.0 11.4 24.9 17.9 

/3 -apo-2' -carotenal 11.3 

Total carotenoid con- "' N r-- ... 0 N M 00 N M 00 0 - "' ... 
� 

"' 

I 
"' r-- co r-- °' � ... ... r-- � 

"' ... g ;::: °' °' � 
"' 00 M "' M "' 

� 
... r--

tent in µg/g wet ": M 00 M N "' M °' '<! - ... M N ... � "! "' °' M 

"' a ,-.: a ..,,: "' "' "' a a - - a a "' a - a a a a 

weight 



Period 

Before spawning 

Spawning 

After spawning 

Before spawning 

Spawning 

After spawning 

Mean carotenoid in some organs of Salmo trutta males and females in different periods 

(in µg/g wet weight) 

Fins Skin Muscles Liver Intenstine 

Males 

4.089 1.005 2.342 1.423 4.511 

4.264 9.032 1.766 1.607 2.217 

2.724 2.930 3.034 2.108 4.174 

Females 

1.388 2.963 0.755 1.058 1.564 

1.178 4.761 0.687 0.565 1.002 

1.343 1.186 0.526 0.484 1.607 

Table 6 

Gonads 

0.297 

0.784 

0.371 

0.244 

0.403 

0.384 
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Subsequently, it was found to occur in a number of other marine salmonids (Matsuno et 
al., 1980 a; Czeczuga, 1982). According to the present knowledge, this carotenoid 
pigment is a derivative of lutein epoxide (Fig. 1). 

Idoxanthin was identified in a marine crustacean Idothea metallica (Herring, 1969) 
and was subsequently found in carp and sea lamprey (Nagata and Matsuno, 1979; 
Matsuno and Nagata, 1979), and also in Micropterns salmoides (Czeczuga, 1981). 

Parasiloxanthin was found for the first time by Matsuno et al. (1976) in Parasilus

asotus; later, the presence of this carotenoid was revealed in Lota Iota (Czeczuga, 1983). 
This carotenoid is a derivative of zeaxanthin (Fig. 2). 

The highest total contents of such biologically active compounds as carotenoids varied 
in various organs of Salmo trutta, depending on the life history stage and sex. In the 
spawning males, carotenoids seem to aggregate particularly heavily in skin, fins, and less 
so in gonads, the contents decreasing at this time mostly in muscles and in the intestine. 
The spawning females show the highest contents of the pigments studied in skin and 
gonads, the contents in fins, muscles, the liver and intestine decreasing. General 
comments about carotenoid dynamics in the spawning Salmo trutta are given by Steven 
(1949). Additionally, the spawning Oncorhynchus nerka showed carotenoids to be 
transferred from muscles to skin, particularly in males (Crozier, 1970; Jamibek, 1970). 

In summary, when examining the total carotenoid contents in various organs of the 
8 males and 6 females studied, carotenoid transfer among �arious organs is observed 
(Table 6). The carotenoidrichest organs of Salmo trutta during their stay in the 
Gowienica differ from one individual to another, depending on their sex and physiologic 
condition. During the spawning migration, carotenoids tend to aggregate in the male 
intestine and fins, and in the female skin and intestine. During spawning itself, the highest 
levels of carotenoid pigments are found in skin and fins of both males and females. At the 
kelt stage, males show the highest amounts of carotenoids in the intestine and muscles, 
while females - in the intestine and fms. At this time, large amounts of carotenoids 
remain in the skin of both males and females. A similar type of changes in female and 
male carotenoid contents during the spawning migration, spawning, and post-spawning 
migration was found in the intestine and gonads only, the remaining tissues tested 
showing sex-dependent differences. They may be accounted for by sex specificity 
involving, perhaps, a differential inter-organ transfer velocity of various carotenoids, or 
differing carotenoid-aggregation patterns in various organs. 
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Bazyli Czeczuga, Zygmunt Chefkowski 

ZAW ARTOSC KAROTENOIDOW U WYROSLYCH OSOBNIKOW SALMO TR UTTA

Z OKRESUWF;DROWKI TARLOWEJ, TARLA 
I WF;DROWKI POTARLOWEJ 

STRESZCZENIE 

Stosujf!c chromatografit, kolumnowl\ i cienkowarstwowf! autorzy badali wystt,powanie poszcze­
g61nych karotenoid6w u wyroslych osobnik6w troci (Salmo trutta L.) obu plci, bt,df!cych w okresie 
wt,dr6wki tarlowej, tarla i wt,dr6wki potarJ-owej (u kelt6w). Badaniami objt,to pl'etwy, sk6rt,, 
mit,snie, Wf!trobt,, jelito i gonady 8 samc6w i 6 samic pozyskanych w pomorskiej rzece Gowienicy. 

W wyniku badari ustalono obecnosc takich karotenoid6w jak: /J-carotene, /J-carotene epoxide, 
a-cryptoxanthin, /J-cryptoxanthin, echinenone, 3'-hydroxyechinenone, canthaxanthin, lutein,
3'-epilutein, lutein epoxide, zeaxanthin, diatoxanthin, adonixanthin, a-doradexanthin, phoenico­
xanthin, salmoxanthin, tunaxanthin, neothaxanthin, idoxanthin, parasiloxanthin, astaxanthin,
astaxanthin ester i /J-apo-2'-carotenal.

Podano r6wniez og6lnf! zawartosc karotenoid6w oraz stosunki procentowe poszczeg61nych z nich. 
Okazalo sit,, ze w okresie :i:ycia rzecznego troci nasttt,puje przemieszczenie sit, karotenoid6w mit,dzy 
poszczeg61nymi czt,sciami ciafa. Og6lna zawartosc karotenoid6w w badanych czt,sciach ciala troci 
jest r6ina przed, po i podczas tar la i zaleiy to r6wniei od pl'ci. J esli chodzi o tar lo, to u osobnik6w 
obu pl'ci najzasobniejsze w karotenoidy Sf\ pletwy i sk6ra. 

'le•qr a B. H XeJIKOBCKll 3, 

CO,ll,EPJ!:AHHE KAPOTHHOI1,IJ,OB Y J:J3POCJibIX OCOBENi KYM1FJ! 

SALMO TRUTTA 13 ITEPV.0,ll,b!; HEPECTOBO.d MHfPAli,1111, 

HEPECTA l1 IlOCJIEHEPECTOBOU MHrPAll,MH 

P e 3 10 M e 

IlpHMeHeHH/i KOJIOHHYJO ll TOHKOCJIOUHY!O xpoMaTorpaqiHIO aBTOpb! HCCJie,n:OBaJIH npH­

cyTCTBe OT.Ji:8JihHhlX KapOTllHOll.Ji:OB y B3pOCJib!X oco6eii KYMJK!1 ( Salmo t rut ta L. 

o6eHX TIOJIOB, KOTOpb!e Haxo,n:HJIHCh B nepHo,n:e HepeCTOBOH MHrpa�HH, HepecTa 11 

noc.JieHepecTOBOH MHrpa�lrn (y KSJihTOB). HccJie,n:oBaHHHMH OXBaTb!Ba.Jil1 n.JiaBHHKH, 

KOlKY' Mbll!lbl, rre<reHh KHlliKy H IlOJIOBhie lK8JI83hl 8 CaMl\OB H 6 CaMOK OTJIOBJISHHhlX B 

peKe foBSHH�bl Ha B3M0pbe, 
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B pe3yJIJ,TaTe IICCJI8,l\OBaHll�1 ycTaHOBIIJIH Ha.1Ili'!H8 TaKHX KapoTHHOl'l,llOB 

f?,-KapOTllH, /J -KapOTHH 3Il0KCH,l\8, 0( - KpHIITOKCaHTHH, (?> -Kpl!IlTOKCaHT11H1 0XH­

H 8HOHe, 3'-rH)lpOKC!i3XIIH8HOHe, KllilT8KCaHTHH, JTIOTeHH, 3IlllJT!OT8HH, JIIOT8HH ano-

KCll,I\, seaKCB.HTHH, ,ll,liaKCaHTl'.IH, a.JJ;OHHKCaHTHH, 0, -.l(opa,n;eKcaHTHH, 

KC0HTIIH, CaJihMOKCaHTHH, TIOHaKCaH1'llH, HeO:JKCaHTHH, ll,l\OKCaHTHH, napacHJIO-

KCaHTHH' acTaKCBHTHH, acTaKCaHTHH :JC Tep ll /3 -ano-2' aJJb,l\8f'H,l\ KapOHOH)\a, 

B cTaTbe npHB8,l\8HN TaKJKe; 06D1ee CO,l\8plKaHHe KapoTHHOll,l\OB II npo�eHTHNe OT­

H O!U8H11 OT,l\8JThHWC KapoTHHOll,l\OB, HanIJI.ll, '!TO B pe'!HOM rrepl!O,l\8 =3HII KYMlKII H111e­

eT M8CTO neperremeHHe -.KapOTl!HOl'l,l\OB M8lK,l\y OT,l\8JlhHhlM!i !.!aCT.flMH TeJJa. 06111ee co­

,l\8PlKaHH8 KapoTHHOl!)\OB B llCCJl8,l\Y8MblX '!8CT.f!X TeJJa KYMlKII pa3Jill'!H08 nepe,l\, 

IJOCJJ8 11 BO apeM.fl HepecTa, 3aBHCIIT 3TO TaKJKe OT IIOJJa, qmo KacaeTC.fl 11epe-

cTa, TO HaH60JJee 5oraTb™II KapoTHHOll,l\aJl!II y oco6ett 06e11x IlOJIOB .flBJI.fllOTC.fl n�aB­

HHKl! II KOlKa. 

IIepeBO,l\ K,T,H 36Hf'H8B IleTp Ilnlbl6Nll!eBcKH 
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