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Poppy as a potentially significant source of vitamin E 
 

 
Summary 
 

Poppy is one of the most commonly grown oil crops in the Czech Republic, a country 

with a long tradition of poppy growing. According to the kind of use, this crop has been 

classified into two agriculturally significant groups  Opium Poppy and Seed Poppy. The 

Opium Poppy is a source of alkaloids and therefore it is used in medicine and pharmaceutics 

due to its analgesic, sedative and narcotic effects. The Seed Poppy is utilized to produce seeds 

and is widely used in food industry. Poppy seeds have excellent nutritional value, as they are a 

significant source of lipids (40,5 %), proteins (18 %), carbohydrates (26 %), mineral substances 

and vitamins. Poppy seeds contain a large amount of Linoleic acid and they are also rich in 

fibre, calcium, magnesium and vitamin E. 

Vitamin E is an umbrella term for eight structurally very similar lipophilic substances 

of the tocochromanol group that are characterized by their amphipathic nature. Their structure 

includes a chromanol ring with an isoprenoid side chain. Tocochromanols are divided into two 

groups - tocopherols and tocotrienols, according to side chain saturation. Both groups occur in 

chromanol ring. The biosynthesis of these substances only occurs in photosynthetic organisms. 

The main function of vitamin E, both in plants and humans, is its antioxidant capacity, i.e. the 

ability to prevent the oxidative stress caused by free radicals. The antioxidant effect of vitamin 

E consists in preventing the peroxidation of cell membrane lipids. 

Lipophilic substances can be extracted from the plant matrix by various methods. These 

are generally divided into classic and modern. Classic methods include maceration, Soxhlet 

extraction and solid phase extraction. Modern methods include ultrasound assisted extraction, 

microwave assisted extraction and supercritical fluid extraction. The actual analysis of vitamin 

E can be performed by chromatographic methods which include the separation of components 

contained in the sample. The methods most commonly used in practice are the Gas 

Chromatography (GC) and High Performance Liquid Chromatography (HPLC).  
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3  

3.1  

Papaver somniferum L.) Ranunculales a  Papaveraceae, 
  (Labanca et al. 2018).  

 P. rhoeas P. 
dubium P. argemone) (Baranyk 2010). 

 a k domestikaci 
plodiny  oblasti  6.  
(Jesus et al. 2021).    kultur s 
keramikou  ,  u podle vzorce 
z jihu na sever (Salavert et al. 2018). 

 2020). 
y y  

semen. V  
v byla  laudanum, 
(Baranyk 2010).  

   
je olejninou . V  roce 2021/22 bylo 
olejninami oseto 442,3 tis. ha. Z 

,1 %) . O   
v 43,87 tis. ha. V   

olejninami  V roce 2021 kolem 0,68 t/ha 
a produkce semene v tomto roce ovala 29 691 t. P

dosahoval v tomto roce 2,99 t/ha e 
(73 % do zahrani do Ruska, Rakouska, Polska, na 

 (Konvalina 2014; ). 

3.1.1  

 v  
nebo lze  konzumovat 

nezpracovan  (Jesus et al. 2021). sl 
  , 

  
2010).  

3.1.1.1  

  ze dvou chemicky 
skupin  fenanthre nebo thebain a benzylisochinolin , 

 a noskapin  (Beaudoin & Facchini 2014; Sharopov et al. 
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2018; Hedayati-Moghadam et al. 2022). Alkaloidy jsou sekund mi metabolity  
 

rostliny proti  (Hagel & Facchini 2013). T
jsou hromad  v . P

,    
mezipro . K mobilizaci a na biolo alkaloid  

  v 
 (Ozber & Facchini 2022). Z m u  

tov  v Asii   latex (opium),  
. makovic. , 

tobolky uty  
latex 

morfinu,   (Kaboudin & Sohrabi 
2021). Vye   opiu 

(Sharopov et al. 
2018).  i je  
i pro   V 

 
 

 
Morfin je znamnou  a jednou z ek 

opia (Devereaux et al. 2018; Kaboudin & Sohrabi 2021). 
 a  

 Kim et al. 2016; Sharopov et al. 
2018).  

nost v  Devereaux 
et al. 2018).  

Kodein  je 
alkaloid (Kaboudin & Sohrabi 2021; Mohammad et al. 2021). V praxi je  

, antistre  
 (Pratiwi et al. 2021). 

1. 
2021). 
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hreno  
 

 
 oxykodon, hydrokodon, 

loid (Kaboudin & Sohrabi 2021). 
 

z j
 z

Papaverin je dosud   
a  morfinem   
(Hagel & Facchini 2013; Kaboudin & Sohrabi 2021). P apaverin 

 
 (Kaboudin & Sohrabi 2021). 

Noskapinu d
(Hagel & Facchini 

2013). , a tedy a

 a 
(Kaboudin & Sohrabi 2021). 

3.1.1.2  

 n 
 v . Semena potrav

, 
i v tohoto kontinentu (Blahovec 2002). 

 

    
 . 

, oproti tomu y s y  chu  
a   y  

 v 
Sb.   tobolek 

ro 

 29 tohoto 
 2 2022). 

3.1.2  

M  (O 2a) je je ylin , 
 k
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vedl   
 je akem 
 

s pohybuje v 80 150 cm (Baranyk 2010). Podlouhle 
b  

je  s   
k m   moh

 v   a . 
tobolka, ako makovice 2b). Tvar a velikost tob

 ( ), 
nebo  ot sypat na zem 

 2018 ). 

 

2.   tobolka (upraveno dle Egan et al. 2012). 
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3.1.3 Morfologie  

 
  

1,5 mm.  0,75 g.  
Povrch semen   

3).  vrstev  e  
n   Barva semene 

 
s  
rostliny s  men. 

 m 
semen. M   ek, 

  

 

3.1.4  

jsou olejnat   ,  
a  (Bozan & Temelli 2008). 

 
  nebo antioxidanty   

tokoferoly. In vitro a ,  hlediska 
prevence patogeneze  je 

 p ; Muhammad et al. 
2021).  

3.1.4.1 Lipidy  

Lipidy jsou  rozpustnosti. Jejich 
nerozpustnost  

Lipidy js na je . 
tuky a oleje,  

3. Makov   (vlevo),  (vpravo) (upraveno dle Watson & 
Dallwitz 1999). 
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i t glycerolu a vosky
kyselin a  (Wa ; Gurr et al. 2016). Struktura 

 
. 

ou jsou fosfolipidy, zbytek 
( ; Hernandez & Kamal-Eldin 2013). 

 , zahrnuj  terpeny 
a 

s
mohou (Sikorski & 

). 
V tuku,  se pohybuje mezi 28 53 %. 

  lokalit  
.  poly

  lidsk  y  
 74 %, a 

pro u  . V jsou v 
 kyseliny  (13  (8 19  s linoleovou (1 2 %) 

; ).  
oleji  , z 
trilinoleylglycerol (39,5 43,5 %), -dilinoleyl,3-palmitoylglycerolem  
(23,5 27,1 %) a 1,2-dilinoleyl,3-oleoylglycerolem (12,5 15,1 %) ( ). 

3.1.4.2 oviny 

 
 aminokyselin v 
. V 

  
 funkc  (Walsh 

2014; Antony et al. 2022). a je ena specifickou sekvenc
aminokyselin v  

i   
aminokyselin.  dva  struktury, -helix 
a -struktura, a -  (Walsh 2014). S a je 

 vaze  .  

polypeptidu. je en 
v  

 tohoto 
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molekul cysteinu (McMurry 2015; Haim et al. 2021). Kvart a  celkov  
prostorov   

(Walsh 2014). 
  

  obsah 
(36 17 %) a  argininu (20 %) (Muhammad et al. 2021; 

Melo et al. 2022).  

3.1.4.3 Sacharidy  

Sachari   (Zhang et al. 2021). 

se v  i (Kurzyna-Szklarek et al. 2022). 
Sacharidy jsou 

 a to na monosacharidy, oligosacharidy a polysacharidy (Quellette 
& Rawn 2014; Zhang et al. 2021). Monosacharidy  , obvykle 

 molekule 
tetrosy, pentosy a hexosy (Wrolstad 2012). odle jejich 

skupiny. Aldosy 
 

(Wrolstad 2012; Quellette & Rawn 2014). 
kruhy (pyranosy) (furanosy) (Gray et al. 2019). 

energie pro rostlin  i 
galaktosa, ktosa, neboli 
s   izomery (Kurzyna-Szklarek et al. 
2022). . V 

disacharidy, trisacharidy atd. Polysacharidy 
. 

 ladem jsou amylosa 
a amylopektin , v   glukosy. 
V molekula 
o heteropolysacharidy, jako V oligo- 
a polysacharidech jsou monosacharidy 

 skupiny jednoho monosacharidu 
a hydroxylo  skupiny (Quellette & Rawn 2014).   

M z 
 amylosy 

a amylopektinu v  (Wrolstad 2012; Zhang et al. 2021).  
 funkci glykogen. Sacharidy p

os potom o chitin (Zhang et al. 2021). 
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Makov  semena   2  
 

  strukturu
  

inzulin v  
 , 

 podporuje pravidelnost stolice,  
(Ljubicic et al. 2017; . 

v pouze 3 % a z 
2020). 

3.1.4.4 Mi  

 . 
K   , 
z 23 je ch (de la Guardia & Garrigues 2015). D

 , ale jejich 
ou (de la Guardia & Garrigues 2015). 

 lze 
 

makroelementy    2002; Gaur & Agnnihotri 2017; 
Shilpa et al. 2018). 

Z  oelementy, 
,  

. K , ,  
(Fe), zinek (Zn), selen (Se)  (Cu)  (I), fluor (P), kobalt (Co), chrom (Cr), mangan (Mn) 
a molybden (Mo) (Gaur & Agnnihotri 2017). 

 (10 455; 
2833; 1528 a 425 mg/kg).  je pak v 
(47; 40 a 17 mg/kg) (Senila et al. 2020). 

i  a 
 (Kraft 2015; Shilpa et al. 2018).   hlediska  

osmotick  tlaku   a p
. 

 
(de la Guardia & Garrigues 2015). 

  
  p lpa et al. 2018). 

  
v  hemu. e 

. (de la Guardia & Garrigues 2015; Gaur & Agnnihotri 
2017).  

(de la Guardia & Garrigues 2015; Shilpa et al. 2018). 
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 de la Guardia & Garrigues 2015; Gaur & 

Agnnihotri 2017; Gharibzahedi & Jafari 2017). 
 

mohou vyskytovat i v 
v a 

V 
kovy v  limity v  

 (Ministerstvo 1997). 

3.1.4.5 Vitaminy 

ovat 
 se  

 na ) 
a  ). jsou vitamin C a vitaminy 
skupiny B thiamin (B1), riboflavin (B2), niacin (B3), kyselina 

 (B5), pyridoxin (B6), biotin (B7), 
V jako koenzymy,  

,  v  (Shilpa et al. 2018; Yaman et al. 2021). 
Velice   
a rozmanitosti forem jsou  
K  
biologickou dostupnost a (Fanali et al. 2017). 

 
 jeho c

uv d v  s v  metod
. (2020) olej z  

obsahuje 122 mg/kg  Melo et al. (2022) a podle 
 (2018) olej z  

vitaminu E/kg.   
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3.2 Vitamin E  

3.2.1 Chemick struktura  

lo  cyklem s  isoprenoid m 
 r substit  methylov  skupinami

tokoferoly a tokotrienoly ny jako tokochromanoly 
(Banks et al. 2010; Lu et al. 2015; - ). 

a  v poloze C2,  
4)

 
tokoferoly s R a 8 R  

(Fu et al. 2017). U v   
vazby v , C7  a C11   v pozici C2. V 

 E a 7 E (Lu et al. 2015; Fu et al. 
2017). Podle pozice  na chromanolo , jsou 

-, - a -, se  
a -tokoferoly/tokotrienoly s jednou methylovou skupinou (Banks et al. 2010; -
2018; Zheng et al. 2020; Almagro et al. 2021). - -  

vzorec, 
 molekule (Azzi 2019). 

4.  
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3.2.2  

rostlinami a fotosynteti  
organismy, jako jsou kyanobakterie nebo  

 5)  plastidech, kde jsou 
h cest . 

lo  A) 
a v  soprenoid
z z PDP) v 

-Bosch 2019). 
s  (GGDP nebo PDP)
tokochromanolu. Kondenzace as -
2018).  PDP v 2-methyl-6-fytyl-1,4-
benzochinol, kondenzace HGA s GGDP vede ke vzniku 2-methyl-6-geranylgeranyl-
1,4-benzochinolu  pro tokotrienol . 

- - ethyltransferasou za 
vzniku 2,3-dimethyl-6-fytyl-1,4-benzochinolu pro tokoferoly a 2,3-dimethyl-6-geranylgeranyl-
1,4-benzochinol pro tokotrienoly. Methyl- i dimethylbenzochinoly jsou  

 -, respektive -tokochromanoly. 
- -forem, - y za vzniku 

- -toko ( - ; Almagro et al. 2021).  
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5. . 
DMGGBQ 2,3-dimethyl-6-geranylgeranyl-1,4-benzochinol; DMPBQ 2,3-dimethyl-6-fytyl-1,4-

2-
methyl-6-geranylgeranyl-1,4-benzochinol; MPBQ 2-methyl-6-fytyl-1,4-benzochinol 
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3.2.3 vitaminu E pro rostliny 

 
  e , s  

ou hladinou tokochrom
h nebo 

-
dy byla sledov  

, 

sy -Bosch 2010). K 
 o 

v   -Bosch 2010; -
& DellaPenna 2010) o 
organismech. V 

v 
vedla k  

 pletiv sem (Maeda & DellaPenna 2007). 
 

3.2.3.1  

 
pohledu atomy, molekuly nebo ionty s 

 
i s lip
k 
i ( ; Lushchak 2014; Poprac et al. 2017). 

2O2 OH) 
a 2

-) ) a peroxynitrit (ONOO-) (Sinha et al. 2013; 
Pisoschi et al. 2021). 

V 
 

 oxidativn

u. Peroxid 

 
dojde k 
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 organismech k 

 r  z 
 ( Lushchak 2014). 

K 

(Mohd Mutalip et al. 2018)
 

2013). V  

 V 

k  
 

.  
P

v 
 

a v  
2013; Pisoschi et al. 2021). 

3.2.3.2 vitaminu E 

Tokochromanoly jsou ny v  
kde jako  

  hydroxylu tokochromanolo
na  

  
lov

 reduktantem, nebo 
ubichinol -

ho singletov  kys u  
energie  do 

- . 
H  v 

 hydroxylov  skupiny v lo ho kruhu, ze kter  je 
substit  elektron. Z -tokochromanoly jsou 

- - -
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nejsou v 

, ale tak  na mobilita 
a   

  -Bosch 
2010). 

3.2.4 u rostlin 

, tokotrienoly se 
vyskytuj  pouze u  

 
funkci ( -Bosch 2010; - ). Tokoferoly jsou 
v  v pletivech  v listech, semenech, plodech  a to 

 plastidech, v chloroplastech fotosynteti ch pletiv, amyloplastech 
 .  

  
v listech ( -Bosch 2010; - enna 2010; Hussain et al. 2013). 

-tokoferol  -, - -
v . V listech a 
pletivech -tokoferol. -tokoferol  

 th  a v 
v plastoglobulech (Hussain et al. 2013).  tokoferoly, v 

 
rostlin ( -Bosch 2010; - . 

semen a  
  

 okotrienol   palmov  
olej (45:55), olej z  (30:70) a semena annatto (0:100)
obsahem -tokotrienolu . sti v ovoci 

jsou  
  

i   
 - a -tokoferol (Peh et al. 2016; Shahidi & de 

Camargo 2016; Szewczyk et al. 2021). V - -
tokoferoly s -tokof -

-tokoferolu . 
 

3.2.5  

K studia 
X v  
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 (Clarke et al. 2008).  
stravo  
a B.    

 
 a  (tedy krmiva 

s obsahem vitaminu E) k 
(Brigelius- .    o roli 
tohoto vitaminu   (Clarke et al. 
2008). 

dostupnost a u v organismu metaboli (Shahidi & de Camargo 2016; 
Szewczyk et al. 2021). 

- -tokoferol, a to h  
-  -TTP) k  
 RRR- -

v -tokoferolu v - -tokoferol 
- - -tokotrienol a 5 % pro 

-tokotrienol -tokoferol nebyl ekvivalent stanoven (Szewczyk et al. 2021). 
 

vi

biologickou dostupnost  
  

kyselin v a tvorba micel (Clarke 2008; Szewczyk et al. 2021). 
 triacylglyceroly 

a cholesterolem u  
 (Clarke 2008; Szewczyk 

et al. 2021).  
. V krvi vitamin E 

m ,   

 lipoprotein  
 -

-    formami vitaminu 
 xen jejich rozkladu 

(karboxyethyl-hydroxychromany  a gluku
  nebo -tokoferolu v 

(Galli et al. 2017; Szewczyk et 
al. 2021).  

 80 % 
.  

 a koncentrace  v  
 (Szewczyk et al. 2021). 
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3.2.6 vitaminu E  

-
neu .  

(Mohd Mutalip et al. 2018)  
 

(Zerbinati et al. 2020)  podkapitole 3.2.3.2) 
se m (Mohd 

Mutalip et al. 2018)  
(Bisht et al. 2017). 

taminu pro 
 

je  
i jeho -Bosch 2010), jak

Szewczyk et al. 2021). 

3.3 ek z  

  matrice 

  
 

vzorku  extrakce. 
(Kumar 2016). 

 
 

nebo hexan. 
schopnost, selektivita a  

 a  schopnost roz danou 
  . Selektivita je schopnost  

 podobnou polaritou (Kumar 2016). 

 log Kow. 
 

log Kow  

 

Kde coktanol a cvoda    Selektivita 
 na charakteru . 
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extrahovat alkany a methylestery 
(Lefebvre et al. 2021). 

Existuje mnoho technik extrakce  pro 
 r

 ho 
y  (Bielicka-Daszkiewicz 2016). 

techni  n . 
jsou extrakce v  (macerace), Soxhletova extrakce a 

   (Wilga et 
al. 2007; Usman et al. 2022). 

(Tzanova et al. 2020).  
ultrazvukovou extrakci (UAE
a extrakci superkritickou tekutinou (SFE), 

metodu. V 
 ch technik  

 innost. Tyto 
 (Wilga et al. 2007; Khongthaw et 

al. 2023). 

3.3.1 Macerace  

Macerace je jednou z  v no 
 kombinaci s  

a  (Picot-Allain et al. 2021; Khongthaw et al. 2023). 

  v a 
s 

napomoci  (Azmir et al. 2013; Khongthaw et al. 2023). Tato 
n, ale 

, 
   (Zhang et al. 2018; Khongthaw 2023). 

3.3.2 Soxhletova extrakce  

Jednou z metod (Danlami et al. 2014) je 
 

 V   
 

 . 
  

Danlami et al. 2014; Tzanova 
et al. 2020; Khongthaw 2023). Soxhletova extrakce 
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k   z 

Tato metoda je 
-kapalina (Danlami et al. 2014; Khongthaw 2023). 

y 
a spo ou 

 (Zhang et al. 2018). 
 

3.3.3 Extrakce  

SPE  
  

extr   kapaliny. 
 (Silva et 

al. 2015; Usman et al. 2022). 
l  

(Usman et al. 2022). a je 
vhodnou metodu   (Samsidar et al. 2018). 

opakovatelnou metodu. 
 v extraktu kontaminanty (Silva et 

6. Soxhletova aparatura (upraveno dle Danlami et al. 2014). 
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al. 2015). K o Usman et 
al. 2022). 

3.3.4 extrakce 

Ultrazvuk je pro 
 (Danlami et al. 2014). 

extrakce (Kumar 2016).  
 

  (Kumar 2016; Tzanova 
et al. 2020). o  
a tlaku,  

u hmoty   extrakci  (Azmir et al. 
2013; Tzanova et al. 2020). UAE riziko 

  tepla
tato metoda vhodnou alternativu  k extrakci (Azmir 

et al. 2013; Tzanova et al. 2020; Picot-Allain et al. 2021; Khongthaw et al. 2023). UAE 
metodu pro extrakci biologicky 

 ( ) z (Azmir et al. 2013; Manzoor 
et al. 2019; Tzanova et al. 2020).    

a  a 
 trakce (Azmir et al. 

2013; Tzanova et al. 2020).  

 
(Tzanova et al. 2020; Khongthaw et al. 2023). 

3.3.5  

  extrakc  v kombinaci s 
Mikrovlny   rozsahem 

frekvence 300 MHz 300 GHz (Khongthaw et al. 2023).  
 

v  To vede ke  
,  e . 

mechanism olekuly poli, je 
 energie  doc   teploty 

V 
 . (Manzoor et al. 2019; Picot-Allain et al. 

2021; Khongthaw et al. 2023). 

.   
lz nosti

 (Azmir et al. 2013; Tzanova et al. 2020). Z 
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k degradaci analytu (Kumar 2016). 

3.3.6 Ex  

asy -amylasy, pektinasy apod. (Tzanova et al. 2020). 
polysacharidy, na 

 n y  a 
metodami extrakce.   a jejic
komponenty , tak 

metody (Manzoor et al. 2019; Picot-Allain et al. 2021; Khongthaw et al. 2023). 

 V 
v  

 (Manzoor et al. 2019; Picot-
Allain et al. 2021; Khongthaw et al. 2023). EAE 

  (Manzoor et al. 2019; Picot-Allain 
et al. 2021; Khongthaw et al. 2023). 

3.3.7 Extrakce superkritickou tekutinou 

V  plynu, 
trojn  bod , ve 

 

tak plynu (Azmir et al. 2013; Kumar 2016; Tzanova et al. 2020). 
Tzanova et al. 2020). Z 

vla  
jeho kritickou hodnotu. Vzorek je y, ve kter  se v 

itickou tekutinou a po 

(Khongthaw et al. 2023). 2). 
teplota CO2 jeho   

 
CO2 tekutiny ace 

, 2 

2 (Tzanova et al. 2020).  CO2 

  CO2 mohou at y han)
 jeho polaritu. SFE je  

 Velkou 
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2020).  jso  
nebo methan (Khongthaw et al. 2023). 

3.4 metody   

 K 

chromatografie   
(Vitha 2016)
mezi   

 jejich 
  

. Po separaci lze identifikovat 
a kvantifikovat (Coskun 2016; Kumar 2016; Vitha 2016). podle 

 a v  
 jde o kapalinovou chromatografii (LC) (Coskun 2016). 

3.4.1 (GC) 

V  
plynem je helium  (Vitha 2016). 

proces.  pouze  
 

7. 2 (upraveno dle  
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 vzorky  do kolony (Laajimi et al. 2022). 
mezi 40  (Vitha 2016). 
chromatografu jsou a, termostat, detektor 
a  (Laajimi et al. 2022). 
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3.4.2  (HPLC) 

 
 (Fanali et al. 2017), p  lze ovat, identifikovat a kvantifikovat  

 (Schieppati et al. 2021)  
kolona, 

 detektoru (Kumar 2016). 

3.4.2.1  

or , 
 M

 voda. 
a m a povaha 

(Schieppati et al. 2021). 
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. V  
 . 

ch ch analyt
  

  (Corradini 2010; 
Schieppati et al. 2021). 

3.4.2.3 Detektor  

 
z kolony. Detektory b    

analytu. 
eluci analytu generuje detektor molekuly. 

(Siddhant et al. 2018; 
Schieppati et al. 2021). -
detektor (Swartz 2010; Siddhant et al. 2018; Schieppati et al. 
2021). UV-  
na schopnosti absorpce  UV (10 380 nm) a i spektra 
(380 780 nm). Principem f ch detektor

je v detektoru u  
  

 (Swartz et al. 2010; Schieppati et al. 2021). 
i u s  

 (Schieppati et al. 2021). 
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