rvy o¢ima chemika

Vlastimil Dohnal

pouze pro osobni potrebu



Barva a vybér potraviny

O Dle veku, etnické skupiny a socialni tridy
O Priklad:

m malé dité - zarive jasné barvy — sladkosti
Jidlo jako senzoricky podnéet a zabava

m Dospelost — pastelove barvy
Jidlo jako zdroj zdravi apod.




Barva se méni skladovanim

(a) O hours (b) 22 hours




Vnimani barvy potravy

O Asociacni
m Bila —mléko, svetle hneda a zlata — luxusni jidlo
m Zima: zahreje nas pohled na teplé jidlo
O Kulturni symbolika
m Roastbeef, Yorksirsky pudink = Anglie
O Rodina
m Kazdodenni jidlo v bézny Cas = bezpecCnost
= NetradiCne obarvené jidlo = podezreni
O Archetypicky symbolismus
= Cervena a Zluta = teplé barvy
m Modra a zelena = studené barvy



Experiment s barvami potravin

O Vanilkovy puding obarveny do zluta
m Lide mysli, ze je to citron nebo banan

O NaSe chovani je dano stovkami let navyku!

= Nejedle plody
Modré (nejméné chutna barva, legracni)
Cerné
purpurove

m Popularni barvy
Zelena
Hnéda
cervena




Barviva v historii

o 5000 pr.n.l.

m Soli médi — oCni stiny, Safran — tvare, karmin -rty
O 1500 pr.n.l — Egypt
o Safran — Homér (lliada)
O 400 pr.n.l. - barveni vina — Plinius (Elder)
O Dale safran — ryze, inkoust sépie — Cerné testoviny,

paprika, ruzné kvéty
O Vysoka cena barviv = pouze pro vyssi vrstvy!

m Vira, Zze barva znamena nutricni vlastnost a medicinskou

ucinnost
= Tmaveé Cervené potraviny — na krev, zZluté — IéCba Sluncem apod.




Barviva ve stredoveku

O Zakony proti falsovani

m Anglie, kral Edward | — chléb
m Francie, 1396

O Chleb
m z obili pro vyssi vrstvy
m Krida, kosti, vapenec pro plebs




Barviva v novovéku

O 1900 — vice jak 700 syntetickych barviv v USA
O Arsenitan mednaty — zeleny pudink

O Bezinky — barveni vina

O Octan mednaty — barveni Caje nazeleno

o Cervené sloudeniny olova — barveni syrd




Sila barvy

O Rok 1993, USA — ,rok Cistoty”

= Crystal Pepsi

= Bezbarve pivo (Miller)
= Bezbarvy benzin Amoco
m Bezbarva kosmetika




Vysledek?

O Snhizeni prodeje
= Nikdo nechce pit bezbarve napoje
o Duvod?
= 100 let reklamy: kola = tmavy napoj
® .tmava kola" = ,skutecna kola"

O Paradox: 7-Up je bezbarvy od roku 1929, byl
puvodné tmavy




Jak vnimame barvy




Viditelné svétlo

O Oblast vinovych délek, na které je citlivé lidske
oko (400 — 800 nm)

O Barva je definovana vinovou delkou

Light, the visible spectrum
violet indigo blue green yellow orange red
| I I I I I I 1
e 750 675 630 590 525 510 460 380

i 400 44 479 510 570 590 650 780
photon 3 1 28 26 2.4 22 21 1.9 1.6
(energy | | | | | | | |
eV EEX)

#In terahertz (THz); 1THz = 1 x1012¢cycles per second.
*% In nanometres (nm); 1nm = 1 X109 metre.
© 2006 Encyclopzedia Britannica, Inc. *%%In electron volts (e¥).



Vnimani svétla — lidské oko

Slacha horniho
prtmého svalu
Spojivka Skléra, bélima
Cévnatka
Rohovka .
Sitnice
Nitroocni tekutina
, Misto nejostiejSiho
Duhovka vidéni, Zlutd
oka | skvrna
Zavésny aparat
Rasnaté télisko
Zrakovy nerv
Ora serrata .
——— Sklivec
Slacha dolniho

primého svalu




Oc¢ni sitnice

O Fotocitlivé bunky
= 7 mil. Cipkd — barva, ostrost (3 typy jodopsinu)

4 ré " v ré

O Na vrcholu bunék je v membrané 11-cis-retinal
vazany na protein opsin = rhodopsin

O Rhodopsin (A, = 500 nm; zelena)
vidime komplementarni barvu — purpurova

O Poznamka: Rhodopsin absorbuje i UV zareni.
Neprochazi coCkou = nevidime UV.

PLASMA /

MEMBRANE

PIGMENT -
CONTAINING
DISCS

[

—ZmTomn IM—-CO

MI TOCHONDRI A

ﬁﬁ? IJIM

NUCLEUS

®-

SYNAPTIC

TERMINAL

—ZmTomwm IMZZ—



Oc¢ni sitnice — absorpce zareni

O Absorpce zareni vede ke zméené konfigurace
11-cis-retinalu na all-trans-retinal

Hy H  cis-configuration

A
1

13
R
1- cis - retinal /J
15

W1
Visible light 1

H,C Hy H CHy H CH, H
m;ﬁxwxwgﬁgwg%
H-keans-retindl I-IEJEKE;}Q \\EH: J‘ ﬁanjﬂunfigurii on

all - trans - retinal

HyC

NO
J ]

AN
- -

el
ey
¥,

A

11-cis-retinal




Vznik signalu v oku

Dopad svétla na tyCinku a izomerace retinalu

Rhodopsin je konvertovan na metarhodopsin Il

Metarhodopsin Il aktivuje transducin

Transducin aktivuje fosfodiesterazu

Fosfodiesteraza hydrolyzuje cGMP

Nedostatek cGMP, uzavreni Na-kanalku

Membrana je hyperpolarizovana

@
@
@
@
@
W
®

Elektricky impulz je zaslan do mozku




ProcC jsou latky barevné?ﬂl\x * "

O Absorpce zareni o urcCite — o antbonding
vinoveé deélce f:_r ’

O Prechod elektronu ve T e entbendin
vazebnych orbitalech - B s~ wtbonding

o Rozdil energii orbitalt = £ l e
potfebna energie fotonu T bonding

pro prechod elektronu

C=C Ethen m— 1 171 Hexan

cC=0 Ethanal m= Tr* L Hexan
n—1r 290

N=0O Nitrometan m—=m 200 Hexan

n— 1" 275




AbsorpCni pasy

O Prechod | mezi
= vibracnimi a
= rotacnimi hladinami
O Neabsorbuje se
pouze jedna vinova

délka, ale i ostatni v
okoli

O = absorpcni pas

Energy in the form of Light

L.

Vibrational Energy Levels

o* (anti-bonding)

¥ (anti-bonding)

n (bonding)

1t (bonding)

o (bonding)



Konjugovan¢ nasobn¢ vazby

O Snizuje se rozdil mezi 1
energii hladin '

O Absorpce se posouva
K vysSim vinovym
delkam
(bathochromni posun, '*

° y m*, (anti-bonding)

AE is large
n (bonding)

m, (bonding)

Non-Conjugated System
Energy in the form of Light

Excitation by
H,C==CH, Light

=
\V4 V4 g g
cerveny posun) 1E
l% £ nt*, (anti-bonding)
5 - .
T L e y Y nt*, (anti-bonding)
49 L7} AE is smaller
g’ s n (bonding)
3 £ 00 : 1, (bonding)
g = - - 1, (bonding)
Clg
i =
w

o (bonding)




Vidéne vs. absorbovane barvy

o Vidime barvu [0z BAREVNY KRUK

Jsow v Zivot? Elovika velmi dileZité o vidime je viude kolom sebe. vzuikaji odvazon svitelngioh

/4 V4 4
ko m |e me nta rni k te .44 s estrmore voghpqpadebivan. dggindsnpgin g dr e
Swﬁv»um Vibiren Barey mikeme viytvorit poRojnou nebs wzbuzugm atwosféng a regulovat tak vijleon

E dnavie PouZiviinim barey wmine Romunikovat < okollm, @ preto je dicleZit jim sprifvnd povozimdt.

SEKUNDARNI BARVY

y
absorbované et IO . il
MODRA . 2 4 ' +4dD= Q 2ELENA

O D= B
P+ Q=B

TERCIARNI BARVY

(smichané = rr{mirni o sebeundarnt)
S W=P - +G=C 5 BW=G
@+@=P -+ B=0 i $+0=8 I

BAREVNY KRUH KOMPLEMENTARNE BARVY

Nkn barewném beruhu lesf |
& whvilie]l barewng leombrast

lou
r"h |
ACMROMATICKE BARVY
= sem pabif barva bila o termid 3

> nhm. odsﬂm’ tedé |

cnzomncxé

LOMENE BARVY
= Joou smichané chromatické
& achromaticie barvy




AbsorpCni spektra barviv

Absorbance

0.9

0.8

Compound
--—- 0.05% Carmine
— 0.04% Lutein
S == 0.01% Turmeric
v~ 0.1% Magento
‘o= =+ 0.02% Chlorophyll

Lo Foo~, %t 0.2%  Beetroot

5 13
', "
1

530 580
Wavelength (nm)

Group
Anthrogquinone
Carotenoid

Phenalone

Anthocyanin
Porphoryn
Betalain

Appearance
red-yellow

€qg vellow
yellow
purple
green

red



http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.vedanasbavi.cz/orisek-svetlo&ei=unpXVKPPMuWS7AbBj4CwDg&bvm=bv.78677474,d.ZGU&psig=AFQjCNEUA6RY3nqq9ATyZTLll3imDubhJg&ust=1415105585673259
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.vedanasbavi.cz/orisek-svetlo&ei=unpXVKPPMuWS7AbBj4CwDg&bvm=bv.78677474,d.ZGU&psig=AFQjCNEUA6RY3nqq9ATyZTLll3imDubhJg&ust=1415105585673259

Anorganicke pigmenty

(g

CARBON BLACK

Carbon
C

C>

CHROME GREEN

Chromium (Ill) oxide

Cr,0,

\c )/

N
N—

Titanium dioxide, TiO,

Antimony trioxide, Sb,0,

Zinc Oxide, ZnO

>

VIRIDIAN GREEN

Hydrated chromium (lll) oxide

Cr,0(0H),

>

COBALT VIOLET
Cobalt (Il) phosphate

Co,(PO,),
/\O
N _/

N

N~

Cadmium sulfide, CdS
Lead chromate, PbCrO,

Zinc chromate, ZnCrO,

>

ULTRAMARINE BLUE
Na Al Si.S,0,

6 4767420

PRUSSIAN BLUE

Ferric hexocyanoferrate, Fe (CN),,

COBALT BLUE
Cobalt (I) aluminate, CoAlO,

€ >

CADMIUM ORANGE
Cadmium sulfoselenide
Cd,SSe

2014 COMPOUND INTEREST - WWW.COMPOUNDCHEM.COM

CERULEAN BLUE
Cobalt (II) stannate

Co,5n0,

>

CADMIUM RED

Cadmium selenide, CdSe

RED OCHRE

Iron (Ill) oxide, Fe,0,



Pokus: Tajn¢ pismo

O

O

Pomucky: 2 kadinky 250 ml, Stétec, balici papir, molitanova hubka
Chemikalie: chlorid zelezity FeCl;, hexakyanozeleznatan draselny
K,[Fe(CN),] (zluta krevni sul)

Postup: Pfipravime si 5% roztoky chloridu zelezitého a
hexakyanozeleznalanu draselneho. Na balici papir napiseme
stétcem roztokem chloridu zelezitého zpravu. Po zaschnuti tajné
pismo vyvolame potfenim molitanovou houbou namocenou v
roztoku zluté krevni soli. Objevi se modry napis.

Rovnice: 4Fe3* + 3[Fe(CN)g]* -> Fe,[Fe(CN)gl;
Vysvétleni: Vznikla modra srazenina je znama ,berlinska modr”.

Metodicka poznamka: koncentrace roztoku zavisi na kvalité
pouzitého papiru



Pokus: Zkouska statecnosti

O

Pomucky: 2 ks misek, vata, pfiborovy ntz

Chemikalie: thiokyanatan draselny KSCN, chlorid zelezity FeCl,

Postup: Pripravte do dvou misek koncentrované roztoky thiokyanatanu
draselného a chloridu zelezitého. Vas pomocnik nyni muze podstoupil
indianskou zkousku statednosti. Cast jeho téla (napf. zapésti) potfete
,2dezinfekCnim” roztokem (roztok chloridu zelezitého). Potom dezinfikujte i
kuchynsky nuz, ale roztokem thiokyanatanu. Tahy tupou stranou noze
vytvarite na téle obéeti krvavé stopy.

Rovnice: 3 KSCN + FeCl; -» Fe(SCN),+ 3 KCI
Vysvétleni: Krev vytvari tmavoCervena sloucCenina thiokyanatanu zelezitého.

Metodické poznamky: efektni pokus, roztoky musi byt koncentrované, pro
thiokyanatan se dfive pouzival nazev rhodanid



r1r0dn1 barvwa




Piirodni barviva

Isoprenoidy

Tetrapyroly
Benzopyrany

Artefakty
Ostatni

Karotenoidy, Xantofyly

Chlorofyly, Porfyriny
Hemova barviva, Biliny

Antokyaniny, Flavony
Flavonoidy, Taniny

Melanoidiny, Karamel

Iso-alloraziny, Phenalony
Betalainy, Antrachinony, Uhli
Anorganicka barviva




Isoprenoidy

O NejCasteji 8 isoprenovych jednotek

O Nejmene 7 konjugovanych dvojnych vazeb je
treba k barevnosti

CH, CH,

+
= CH = CH
H,CZ 2k H,CZ =

isopren isopren \
i:\ \
A\ P =
CH2 |
’ ’ J\/\)\%CHZ N
H3C Lo R
myrcen (2 jednotky) <8\
HaC ) G
H3C cH, Hs Hs l
Pz A NFNS T T U G —
| H,C
CH, CH, CH,

o 4 terpenové jednotky




Isoprenoidy

O Karotenoidy (tetraterpenoidy)

= Chemicke deleni
Karoteny (uhlovodiky)
Xantofyly (obsahuji keto Ci hydroxyl skupinu)

= Dle struktury
Acyklicke
= |lykopen
Cyklické
= 1 kruh y-karoten
= 2 kruhy a— a B-karoten (tail-tail 2x vitamin A)

N




Karotenoidy

komplex karotenoidy-chlorofyl-protein kapsanthin - papriky
zelena listova zelenina
(karotenoidy brani fotooxidacnimu poskozeni)

lykopen

Servena rajcata a- a p-karoten S
koren karotky, oranzové bataty aj.



Karotenoidy

lykopen
(Cerveny)

v-karoten
(oranzovy)

B-karoten
(oranzovy)

rubixanthin




Karotenoidy

lutein
(zlutooranzovy)

HeC CHg
HO CH,

cryptoxanthin
(Cerveny)

OH

astaxanthin
(Cervena)




Anatto (E 160b)

O Zluté, oranzove, hnédé az cervené barvivo kere
Bixa orellana.

O Hlavni slozky jsou bixin a norbixin
O Pouziti jako potravinarské barvivo

CHa CH, ~o

NN X X SN X X X \O
OH CH, CH,

bixin (methylester kyseliny diapokarotenove)

CH, CH, OH
NN X X SN X X X ko
OH CH, CH,

norbixin (kyselina diapokarotenova)




Satran

O Oranzovozluté barvivo

O Nejvyznamnejsi je glukosid
crocetinu (o-crocin;
zlutooranzovy)

O Smés karotenoidu:
zeaxanthin, lykopen, a- a 3-
karoteny.

R
o~ CH, CH,

oyHMWH%O

CHs CHs

R = H, crocetin
R = gentobiose, crocin




Oxidace karotenoidu

O Oxidace nenasycenych dvojnych vazeb
= Spontanni radikalova retézova reakce
m Fotooxidace
= Oxidace vazana na lipidicky systém (karotenoidy jako

antioxidanty)

tvorba epoxidu (zavarené ovoce), izomerace na furanoxid =
silna ztrata barevnosti

cis-trans izomerace (bézné all-trans)
vlozeni jedné cis-vazby = posun A
Vareni, kyseliny, svétlo

O Vysledek: ztrata zbarveni

max 0 2-5 Nm.



Catechol (avokado)

WHAT MAKES AVOCADO GO BROWN?

ENZYME
(p@yphm 0l oxidase)
OXYGEN

CATECHOL 1,2-BENZOQUINONE
(type of polyphenaol)

Avocados contain a class of compounds called
phenols. These compounds can be converted
to compounds called quinones when exposed to

oxygen in the air - this process is hastened by the PREVENTING THE BROWNING OF AVOCADOS

enzyme polyphenol oxidase.

Some of these quinone compounds are toxic to
bacteria, and so the process is beneficial for the
fruit. However, the quinones can also react with
themselves to form long polymer chains, causing
the brown colouration. This also occurs in many 0 HOURS 3 HOURS 6 HOURS 9 HOURS 12 HOURS

other fruits. Avocados brown quickly as they have

a large amount of polyphenol oxidase. : : 3
Contrary to popular belief, leaving the stone in the avocado or guacamole

The polymeric compounds causing the brown doesn’t slow browning, as it doesn’t block oxygen. Covering with clingfilm
colouration are melanin pigments. Melanin is also can block oxygen, and hence delay browning. Adding lemon or lime juice, or
the primary pigment determining skin colour in chilling the avocado, can also delay browning, as it inhibits the activity of the
humans. polyphenol oxidase enzyme.

Q © COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @ 0 e e

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDernwvatives Licence. Photo: @ Andy Brunning 2014 Y NC WD




Derivaty benzopyranu

O Zaklad struktury anthocyanidinu, flavinu a taninu

O Anthocyanidiny — zakladni struktura s
hydroxylovymi skupinami; moznost konjugace se
sacharidy

O Flavonoidy — keto Ci hydroxyl skupina v poloze 4

O Taniny — slozité molekuly napr. vznikajici v Caji
(katechin — 5-chinon — dimerizace - polymerace
na theorubiginy).

= Hnédnuti vina = tvorba taninu polymeraci antokyanu
a flavonoidu.



Cyanidin a pH

pH <3 pH = 6-7 pH=7-8 pH 8-10 pH > 11
cerveny purpurovy modry svetle modry Zluty




zeleny Caj

sluty &aj

- G
' ’V"“j’z ~ OH

OH
,f E theaflai’/ln j




Catechin

0 Komplexy s kovy
m APt — Zlutohnédy
m Cr3*— ervenohnédy
m Fe3*— hnédocerny
m Cu?* — stfedné hnédy
O ,tar-black tea”
= Caj + med s Fe?*

OH
OH

OH
catechin




Pokus: Dubénkovy inkoust

O

O

Pomucky: kadinka, sklenéna tycinka, tfeci miska, filtracni aparatura,
kahan Chemikalie: siran zeleznaty FeSO, « 7 H,O (zelena skalice)

Postup: Trislovy extrakt ziskate rozdrcenim a vyvarenim dubének
(halek z dubovych listtl) nebo smrkové kury. Ke zfiltrovanému
roztoku pridame nasyceny roztok zelené skalice v objemovem
pomeéru 1:1. Vznikne tmavomodry roztok, ktery lze pouzit jako
Inkoust.

Vysvétleni: Reakci trislového extraktu se siranem zeleznatym
vznika modry trislan zelezity.
Metodickeé poznamky:

m halky jsou méné dostupné; extrakt musi byt koncentrovany; pokus dlouhodoby,
vhodny spiSe do chemického praktika




Anthocyaniny

O RuZové a Cervené zbarveni ovoce a zeleniny, jsou i zZluté
a bezbarve
O Priblizné 0,1-1 % suché hmoty
O Skladaji se z aglykonu (anthocyanidin), cukerneé slozky a
nékdy fenolické/organicke kyseliny
m Znamo 22 aglykonu, 18 v pfirodé, nejcastéji pelargonidin,
cyanidin, delfinidin, peonidin, petunidin a malvidin

m Cukerna slozka: glukéza, rhamndéza, galaktdza, arabindza,
xyloza, glukuronova kyselina v poloze 3,5 nebo 7-OH.

= Acylace: fenolické kyseliny — p-kumarova, ferulova, vanilova,
kafeinova , malonova, octova aj.

O Vice jak 4 000 latek



Anthocyaniny

O Nestabilni — ovlivhény pH, svetlem, teplem,
kyslikem, zelezem, medi, cinem Ci kyselinou
askorbovou

O pH — kyselé prostredi — oranzova, Cervena,
purpurova

O cervena redkev, cervené zeli, karotka




E 1631 (Cervené vino)

O ) cyanidin Cerveny, chrpa
Y modry Cyanus

T
@]
\
@]
T

oH OH

O on delphinidin  purpurovy stracka

HO O+\ a
O Delphinium
=
o OCH,4
OH
o O o O oct,  malvidin Cerveny, slez
7o modry Malva
o OCHj
O OH
) ) idi C ' etunie
O ) > petunidin cerveny, P |
7 o oranzovy Petunia

OH
HO O b O eonidin rlZovV pivorka
o P Y Paeonia




Derivaty porfinu (krevni barviva)

DG

Blue Green

HUMANS AHI] THE MAJORITY OF SPIDERS, CRUSTACEANS, SOME SOME SEGMENTED WORMS, SOME

OTHER VERTEBRATES MOLLUSCS, OCTOPUSES & SQuID LEECHES, & SOME MARINE WORMS

HAEMOGLOBIN [ HAEMOCYANN | CHLOROCRUORIN
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HAEM B . : HAEMOCTANIN . . CHLOROCRUORIN
jowypenmed form} . . [owypenmed form) . . jowygenmted farm)

- L . -

Haemoglobin is a protein found in blood, builtup - . Unlike haemoglobin, which is bound to red . = Chemically similar to haemoglobing the blood
fram subunits containing haems', These haems 3 . hlood cells, haemocyanin floats free in the bliood. 7 *  of some species contains both haemogiobin &
contaim iron, and their structure gives blood its— « «  Haemocyamin contains copper instead ol iron.  « » Chiorocruorin, Light green when deosygenated, it

red colour when cygenated. Decxygenated . * When decxygenated, the blood is colourless, but * * s green when ngypenated, although when more
hinod 15 a deep red colour - not bue! . +  when oxygenated, it gives a blue colouration,  § N concenirated it appears light red.
(] L] - .

FamsssEsRsRREERERRRRERRRRRENERY L L N L

MARINE WUHMS II‘ELUI]IHE PEANUT
WORMS, PENIS WORMS & BRACHIOPODS

HAEMERYTHRIN
H—0,

HN" Yy
LY

=/ & o
lr:.:.\ "‘h'll /0“*\5 I! ‘N/:-:\
F‘e'. e _~NH
50

HAEMERYTHRIN
[u:\-rygwlmc:'\']fnrm;

Haemerythrin is onky 174 as efficent at oxygen
transport when compared to haemoglobin.
In the deoxypenated state, haemenythtin is

colourless, but it imparts a violet-pink colowr
wihen oxygenated.

i
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Derivaty porfyrinu

O Planarni molekula

O Volny porfyrin ma A, = 550-600 nm; silné
substituovany 400 nm
O Centralni atom kovu vazany na 4 pyrolova
jadra (porfyrinovy kruh) porfyrin
= Mg?* — chlorofyly
m Fe?* — hemichromy (hemoglobin, myoglobin)
Prosteticka skupina vazana na globin e,
Schopnost vazat dalsi molekuly (O,, CO aj.)
O Degradovany hem
= Dbilirubin (zluC; oranzovocCervena)
= Dbiliverdin (zluc; zelena)
m sterkobilin (streva; zlutooranzovy)

CH,
= CH,

COOH COOH

hem



Myoglobin

O Zbarveni masa
0 Komplex globin-hem

O Oxidace Fe?* na Fe3*
(methemoglobin). Maso po 2-3 dnech
v lednicce

180

1604 A .
L - - - - Oxymyoglobin

140 i e —— Reduced myoglobin
120 - / A — - - Metmyaoglobin

100 /!

g0, |}
60/ /Y
a0 -
20 -

Extinction coefficient

530 580 630 680 730 780
Wavelength {(nm)




NO,”

denatured

MMb*
brown

MMb*NO

heating
(bright red)

oxldationTl reduction lreductlon

MbNO
(bright red)

MbO,
(bright red)

MbCO lheating
(cherry red)

" denatured
oxidation MbNO
@ @ o (bright red)

Fig. 2.15 Transformations of myoglobin and its derivatives (Mb myoglobin. MMb™ metmyoglo-
bin. MbO, oxymyoglobin. MbCO carboxymyoglobin. MbNO nitrosomyoglobin. MMb™NO nitro-
sometmyoglobin). (Authors’ own work)

Misconceptions, Misunderstandings, Explanations
Kovacs, L., Csupor, D., Lente, G., Gunda, T.
2014, XXIl, 396 p. 175 illus., 75 illus. in color.



Chlorofyly

O Zelena barva zeleniny = indikator Cerstvosti

O VSechny zelené rostliny maji chlorofyl a a chlorofyl b
m \yssirostliny 3:1; na slunci 3,2-4,0:1, ve stinu 2,6-3,2:1
m Po smrti listu se chlorofyl a odbourava rychleji nez chlorofyl b

O Ztrata Mg?* - degradace na olivové hnédy pheofytin,
pheophorbidy a pyropheofytiny a pyropheophorbidy

O Zachovani Mg?* - zelené degradacni produkty —
chlorofylidy, pyrochlorofyly, hydroxychlorofyly

® Moznost nahrazeni Mg?* ionty Zn?* ¢i Cu?*

Chlorofyl b




Priklad degradace chlorofylu

- fytol

7

chlorofylaza

Chlorofyl b chlorophylid

-Mg?* l Mg-dechelataza

Bezbarvé produkty Samy

pheophorbid



Degradace chlorofylu

mrazeni, suseni,

AT, skladovani Spenatové pyré

Mg2* -CO,CH,
Chlorofyly Pheophytiny W (Pyropheophytiny
(modrozelené) (olivové hnédé)J L (olivové hnédé)
“fytol | €nzZymaticky fytol fytol

AT, pH

-Mo2+
Chlorophylidy J Pheophorbidy CO,CH Pyropheophorbldy
(modrozelené) (olivové hnéde) (olivové hnédé)

nakladané okurky




Barvy podzimniho listi

(o)

8
=

-]

CHLOROPHYLL A
A type of porptyrin

Chinrophytl is the chemical that gives plant
leaves their green colour, Plants require
warm temperatures and sunlight to produce
chlorophwll - in autuemn, the amount produced
begins to dearease, and the existing chiorophyll
is slowly broken down, diminishing the green
cotour of the leaves.

M

LUTEIN
A type of cavotenaid

Carotenoids and flavonoid pigments are always
present in leaves, but as chiorophyll i broken
down in the autumn their colours come to the

fore, Xanthophylls, a subclass of carotenolds, are
responsible for the yellows of autumn leaves.

One of the major xanthophylls, lutein, is also the

compound that contributes towards the yellow

coloue of egg yolks

o o
| |
OH
o o
FLAVONOL FLAVONE

{general structvre) (generol structure)

B-CAROTENE
A type of caratenaid

Carotenoids can also contribute orange colours,
Beta-carotene s one of the most commaon
carotenosds in plants, and absorbs green and
biue light strongly, reflecting red and yefiow light
and causing Its orange appearance. Itis also
responsible for the orange colouration of carrots.

Carotenoids in Jeaves start degrading at the
same time as chiorophyll, but they do so at a
much slower rate; beta-carotens Is amongst
the most stable, and some fallen leaves can still
contain measurable amounts,

VIOLAXANTHIN
A type of carotenokd

©®

CAROTENOIDS ANTHOCYANINS & CAROTENOID
8 OH

OH
Wi
x
=

Sugar
OH

ANTHOCYANINS
(generey strocture)

Unlike the carotenoids, anthocyanin syrthesis
is kick-started by the onset of autumn - as sugar
concentration in the leaves increases, sunlight
initiates anthocyanin production. The purpose
they serve tsn't clear, but it’s been suggested that
they help protect the leaves from excess hight,
prolonging the amount of time before they fall,

LYCOPENE
A type of covorenaid
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Pokus: Chromatografie barviv

0 Pomducky: Sroubovaci sklenice,
listy, alkohol (isopropanol),
horka voda, hrnec

O Postup: nastrihejte listy na
prouzky, dejte do sklenicek,
zalijte alkoholem, uzavrete a
dejte do horké vody. Po v -
vyluhovani barviv povéste oo ey
prouzky filtracniho papiru a
spodni konec ponorte do
skleniCky. Nechte vyvijet.

O Tip: VyzkouSejte listy v rizném
stadiu barevnosti.

O http://www.youtube.com/watch?f
eature=player embedded&v=qg
H-AJDgsSII

Red maple



http://www.youtube.com/watch?feature=player_embedded&v=qH-AJDqsSII

Melaniny, melanoidy a karamel

O Slozite polymerni molekuly

O Melanin — prirozené sede, hnedeé a Cerné
barvivo rostlin a Zivocichu

O Melanoidy - vznikaji neenzymatickym
hnednutim,napr. zahratim

® Vznikaji Malllardovou reakci (reakce redukujicich
cukru a primarnim/sekundarnim aminem) = reakce

sacharidu a bilkovin
® jsou i nizkomolekularni (voni)

O Karamel — vznika ze sacharidu



Melaniny, melanoidy a karamel

O Zahrivani potravin vede k neenzymatickému
hnednuti a produkci aromatickych latek

m Chlebova kurka, hnéda kurka na cukrovinkach, toast
apod.

m Prazeni kavy
O Tmavnuti ¢aje a jeho vuné
m Enzymaticky proces



http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://patlit.blogspot.com/2010_10_01_archive.html&ei=rn5XVLLbMM_B7Ab94YDABA&bvm=bv.78677474,d.ZGU&psig=AFQjCNFDc_6ma-DyqR59AvdCYHq19RDt1Q&ust=1415106584100976

DalSi barviva - betalainy

O Barva z rostlin Carophyllales
m Betakyaniny (rizovo-Cervené) — betanin, isobetanindin
m Betaxantiny (zluté) — nemaji aromaticky kruh — vulgaxanthin-1

O Dusikaté antokyaniny s dusikem v jejich cyklické
strukture

O Také jako glykosidy
o Cervena Fepa, cukrova fepa, fiky z opuncie, ligidlo jedlé
O 50 barviv




Betalainy

\ COOH

Ri. R
N

betacyanin

pH 4-5; modra az Cervena
pH > 5; modrofialova
pH >7 zlutohnéda

betanin, E 162 Beta vulgaris




Fenalony

O Ziskava se z kurkumy (Curcuma longa)
o Zluté barvivo

= Citronoveé Zluté pfi pH 3 " oH
7 A DI "o O = N O o
= Oranzoveé pri pH 10 |

s . kurkumin Io(turrr?eric, E100)
O Rozpustne v olegji

HO OH
l = X ! 0

|
CHj

CH,

(@) O
kurkumin Il (demethoxykurkumin)

HO O O OH
= X

@) O
kurkumin Il (bis(demethoxy)kurkumin)




Antrachinony

O KosSenila, karmin
m pH =3 -oranzova
m pH=5,5-Cervena
m pH =7 — purpurova

O Tvori komplexy s kovy
m AlP*—ruda, karminova
m Sn?*— Sarlatova
m Cr3*, Fe3*- fialkova

Kyselina karminova




KosSenila, karmin

O Barevny pigment vajicek Ci
samicCek Coccus cacti nebo
Dactylopius coccus (az 20 %
hmotnosti)

o Ziji na opunciich v Mexiku &i
Kanarskych ostrovech

O SuSeni, extrakce alkalickym

roztokem

O 25 miliont samicek = 14,5 kg
extraktu

O Prirodni alternativa k FD&C
Red #40

O Barveni potravin, kosmetiky




Cervena rténka

Note that these figures are for an average composition. Actual composi

DYES,
BA{?PR BEESWAX m'ég LANOLIN PIGMENTS &
PERFUME

tion varies from brand to brand, and there is likely to be some deviation from these percentages.
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. Waxes & Oils oo Pigments & Dyes .
o Waxes provide the structure of lipstick. A number of e e Lipstick colour originates from a range of different pigments and dyes. Carmineredisa o
e different natural waxes are used, including beeswax, ® @ commonly used pigment derived from scale insects. Eosin, also known as D&C Red No. »
® Carnauba wax, and Candelila wax. Carnauba wax has ® ® 22 is a dye which reacts with the amino groups in the proteins of the skin to produce ®
: the highest melting point of any wax, and is therefore : : a deep red colour. Titanium dioxide can be used to dilute colours and give pink shades. :
e important to prevent lipstick from melting too easily. o o -
e Waxes also give emollient properties and glossiness. o o "
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Antrachinony

Alizarin
(@) OH

Erythrosin, E 127

pH 12, fialovy Rubia tinctorum




Alizarinova barviva rostlinna

Logwood (Haematoxylum campechianum)

OH OH
HO o HO 0o
HO OH HO o

haematoxylin haematein —
Haematoxylin (Cerveny v kyselém pH, modry v zasaditém pH), barevné komplexy s kovy

Brazilwood (Caesalpinia echinata)

HO o HO 0
(L Lo L Lo
\

HO OH HO
brazilin - Cerveny brazilein




Alizarinova barviva (synteticka)

Fibre

O Substituenty ovlivnuji barvu I
o Mofidlo NS
= K lepsi vazbé barviva na latku I\
= SUl kovu C’H
Alzarin
m Kov muze ovlivnit barvu I
OH (@] @] (@] OH (0] OH
I o;+ AN OH I OH | OH
SO ata! (I, o
|| o N OH | OH V N
OH O o] o] X |
alizarinova ¢ern alizarinova zlut alizarinova bordeaux alizarinova modr




Indoly — Indigo, bromované indigo

11

O Barvivo Indigofera tinctoria
o Smolka = Skrob + indigo

D K

indigo (modra) korySi (purpurova) 02

0.0

modrotisk

naneseni rezervy na formu  tisk na latku potisténa latka obarveni
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Antrachinony

O Juglon (nucin, regianin)

O Listy, koreny, slupky,
plody, kura ofeSaku
(Juglans nigra)

O Textilni barvivo, inkoust,
kosmetika

glukdza

juglanin




Antrachinony

Henna Paste On

O Lawson (izomer
juglonu)
o Cervenooranzové

barvivo Lawsonia
Inermis (henna)

O Absorpce UV zareni
O Barveni kuze, vlasu

12 Hous Lote

36 Hours Later

O

Soa

OH O

lawson




Riboflavin (vitamin B2), E 101

OH

O Zluté aZ oranZzové barvivo .
O Fluoreskuje

o Vitamin B2 j@:;j

o Zdroj: kvasnice, jatra, ]
IedViny, mlékO, Vejce, riboflavin
maso, kakao, orechy ‘

i "o L’ B
4! f_f, L ‘\

OH




Chemickeé reakce barviv - pH

O Karotenoidy - nejsou rozpustné ve vode = bez
viivu
O pH ovlivauje disociaci ionizovatelnych skupin
O Antokyaniny
= Pri nizkém pH jsou antokyaniny Cervené (AH")

m Se zvysujicim pH mohou tvorit modré chinoliny nebo
bezbarvé chalkony

O Myoglobin
= V naloZzeném mase vznika komplex s NO

(nitrosylmyoglobin), po denaturaci globinu pristupuje
druhy NO (dinitroferrohemochrom)



Tepelna stabilita

O Anthocyaniny
m Zahrati z 20 na 80 °C
= pH 3 a karbonatovy pufr

NejstabilngjSi Cervené zeli >Cerny rybiz>slupky
hroznu>bezinky
Degradace v karbonatovém pufru byla 2x rychlejSi

O Betaniny
m Zahratim prechazi na isobetanin
m Ztrata barvy hydrolyzou Schiffovy baze
m narust Maillardovou reakci




Tepelna stabilita

O Melaniny — mohou vznikat enzymatickym a
neenzymatickym hnednutim vCetneé kondenzace
polyfenolu

O Karamel — intenzita zabarveni zavisi | na teplotée
o Chlorofyly — ztrata Mg+ vede ke vzniku pheofytinu.

m Lmax se méni z428 na 408 nm

m Ztrata fytolu z pheophytinu vede k pheophorbidu — ztrata
zbarveni zelené zeleniny

O Myoglobin — denaturace pri 80 - 85 °C

= Pfitomnost Fe?* (ferrohemochrom) i Fe3* (ferrihemochrom -
hnédy)



Termalni degradace B-karotenu




Stabilita zeleninovych barviv

Chlorofyly <50

Karotenoidy > 300
Anthocyaniny <150
Flavonoidy > 600
Betalainy <100

Zelena, olivové hnéda

Zluté, oranzove,
cervené

Cervené, modré
Zluté

Cervené, Zluté

Teplo, kyseliny,
baze, kovove
kationty

Svétlo, kyslik,
kyseliny, teplo

pH, teplo, kovy

Kyslik, silné
kyseliny, teplo

Teplo, baze,
kovove kationty




Potravinova barviva

O Udeluji potravine barvu,
kterou by sama o sobe p ’ ‘ Q
nemela a nebo ji obNOVUji o wa cotee
PO jejim zeslabeni v . ‘ . -
prubéhu procesu vyroby. ’

O Potravina ma lakavejsi
vzhled.

O Moznost zamaskovani

,0Sizeni" potraviny

m Maslo, parky, zmrzlina,
,l0sos”, ,domaci vejce” aj.




Potravinova barviva

O Nelze dobarvovat
m Detska vyziva, med, ovocné stavy, nektary , mleko,
chléb,maso, drubez, zvéfina, meékkysi a korysi, dzem
,extra” a ,vybéerovy" aj.

= Vyjimky:
Chléb (karamel)
Maso (karamely, synteticka Cervern)




Vybrana barviva

E100 Kurkumin E129  Cervei Allura AC

E101 Riboflavin E131 Patentni modr V

E102 Tartrazin (Yellow 5) E132 Indigotin (Blue 2)

E104 Chinolinova zZlut (Yellow 10) E133 Brilantni modr FCF (Blue 1)
E110 Zlut SY (Yellow 6) E140 Chlorofyly a chlorofyliny
E120 KoSenila, kys. karminova... E153 Medicinalni uhli

E122 Azorubin (Carmoisin, Red 10) E160a Karoteny

E123 Amarant (Red 2) E160b Annato, bixin, norbixin
E124 Ponceau 4R E163  Anthokyany

E127 Erythrosin E174 Stfibro

E128 Cerveni 2G (Red 11) E175  Zlato




Rozdéleni barviv

O Prirodni a prirodné identicka
= Prirodni — anthokyany, karoteny, chlorofyly a
chlorofyliny, betalainy, riboflavin, karamel apod.
m Prirodne identicka barviva jsou stejna jako pfirodni,
pouze jsou vyrabeny synteticky.
O Synteticka
= Vyrabéji se z ropnych produktu
= Musi obsahovat vice jak 85% barviva, zbytek
anorganické soli, slouceniny kovu a organickych latek

m Moznost vzniku hyperaktivity u déti (tartrazin).



Prirodni a prirodné identicka (ruzné pH)

black carrot cantaxanthin karmin kys. karminova
Ii‘ " J'

i

o _0

B-karoten carrot oil kurkumin paprika gardenia yellow annatto

elderberry extrakt z chlorofyl/ cervena gervené zeli  &ervena saffron
grepovych chlorofylin sladka Fedkev
slupek brambora

http://www.foodcolor.com




Oznacovani potravin obsahujicich néktera
potravinarska barviva

O ,nazev nebo Cislo E barviva/barviv: mohou
nepriznive ovlivhovat Cinnost a pozornost déti”

O Barviva
= Zlut SY (E 110)
= Chinolinova zlut SY (E 104)
m Azorubin (E 122)
= Cerven allura (E 129)
m Tartrazin (E 102)
m Ponceau 4R (E 124)

O Vyskyt predevsim v bonbonech, cukrovinkach,
horcici apod.




Synteticka potravinova barviva

o} - o ey w - & HO
- - & }f'-u ¥ e @ ~ é» -,—()".J. —
— g A o ¥ YRR S =
NaO,S N=N ONa ¢ o 4 i ‘ /
i " C 8 - NaO3S N=N
| a A 5 7> 2 3
| N o I S
e TR
o BT ? ]
. S e
q )& 1 SO3Na

FD&C Yellow #6, E 110, Sunset yellow

SO,Na

CH O
NaO;S NH
N=N SO3N —(
NH 7 SO;Na
NaO3S OH OCH o)

FD&C Red #40, E 129, Allura red | FD&C Blue #2, E 132, indigotin

rCH?, rCH3 |/
+
Na I l N I N
/é SO3zNa SO3zNa Ej\
NaO3S SOzNa
SOzNa

FD&C Blue #1, E 133, brilliant blue FD&C Green #3, E (iH43 Fast Green

CH,




Barveni léku

Oranzova zlut
E 110

Erytrosin
E 127

Amaranth
E 123

Indigotin E
132

Azorubin
E 122

Chinolinova zlut
E 104

Celaskon 40x 100mg, Espumisan 50x 40 mg,
Apo — Ibuprofen 100x 400 mg, Tenormin 28x 100 mg

Ibalgin 24, 36, 100 x 400 mg, Lexaurin 30x 3 mg,
Herpesin 25x 200 mg
Coldrex €erny rybiz, Robitussin antitusikum

Viagra 4x 100 mg, Herpesin 25x 200 mg, Apo — Finas 100x 5 mg

Magnesium pharmavit 20x 250 mg, Milgamma 50 tbl.

Nitrofurantoin-ratiopharm 50x 100 mg, Fromilid uno 14x 500 mg
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Pokus: Odbarveni limonady

O Pomucky: tfeci miska s
tlouCkem, filtraCni papir,
2x kadinka 250 ml, stojan,
drzak na nalevku,
sklenena tyCinka,
chemicka lziCka

O Chemikalie: limonada,
zivocisné uhli

O Postup: Limonadu
rozmichame s aktivnim
uhlim a zfiltrujeme




pH indikatory
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Pokus: preména vody ve vino

O Pomducky: 4 sklenky na vino, hnéda lahev 500 ml

O Chemikalie: 10% roztok amoniaku NH;, koncentrovana kyselina octova
CH;COOH, fenolftalein

o Postup: Ctyfi sklenky na vino postavime do fady. Prvni a tfeti vyplachneme
silnym roztokem fenolftalcinu, ¢tvrtou koncentrovanou kyselinou octovou.
Do lahve nalejeme 3 - 5 ml roztoku amoniaku a pred zaky dolejeme vodou z
vodovodu. Smés z lahve nalévame napf. pravou rukou do prvni a treti
sklenicCky, levou pak do druhé a ¢tvrté (podle puvodniho poradi). Roztok v
prvni a tfeti skleniCce zCervena. Ve druhé a Ctvrté zustava bezbarvy.
Ruznymi kombinacemi ménime Cervené vino na bilé a naopak.

O Vysvétleni: Fenolftalein v zasaditém prostfedi méni bezbarvou formu na
formu €ervenou, v neutralnim nebo kyselém prostfedi zustava bezbarvy.

O Metodické poznamky: koncentrace amoniaku a kyseliny octove je nutné
predem vyzkouset - nutny slovni doprovod




Chemickée experimenty

O Pomucky a chemikalie: ¢ervené zeli, domaci
pripravky (citron, ,krtek®, jedla soda apod.)

o Ukoly:

= Urc€i pH ruznych potravin a napoju, domacich
prostredku a sefad je podle pH
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Malovani s Cervenym zelim




Batikovani s Cervenym zelim




Amoniakova fontana

O Princip: amoniak je absorbovan do vody, ve které je rozpusten pH
indikator, ktery zapricCini barevnou zmenu

0 Pomducky a chemikalie: voda, vodny roztok amoniaku, pH indikatory,
banka s kulatym dnem, zatka, sklenéna trubicka, kadinka, (topné
hnizdo)

O Varianty
m Misto fenolftaleinu pouzijte jiné acidobazické indikatory

Kresolova éerveri  Zluta dervena
Fenolova ¢erven

Thymolova modi  Zluta modréa
Bromthymolova

modr

Fenolftalein bezbarvy purpurovy




Amoniakova fontana v praxi




Pokus s NaHCO, a CH,COOH

O Pomucky: kadinka, jedla soda, ocet, voda, pH
indikator Ci rostlinna barviva (Cervené zeli, repa,
IbiSkovy Caj aj.)

O Provedeni: v kadince rozpustime NaHCO,,
pridame pH indikator. K roztoku prikapavame
ocet. Dochazi ke zmeéne barvy indikatoru a k
vyvoji bublinek CO,

O Poznamka: pokus lze take provest obracene,
kdy v kadince je ocet a prikapavame roztok
NaHCO,



Pokus: Modra banka

O

Pomucky: barika 250 ml, zatka
Chemikalie: hydroxid sodny NaOH, gluk6za, metylenova modfr

Postup: Ve 100 ml vody se rozpusti 2 g hydroxidu sodného a 2 g
glukozy. K. roztoku pfidame 4 ml 0,1 % roztoku metylenové modfi.
Banku uzavreme gumovou zatkou. Modry roztok se po nekolika
minutach zcela odbarvi. Pri protfepani se znovu objevi modra barva
roztoku.

Vysvétleni: Jev je zpusoben oxidaci metylenové modfi (jeji ox-forma
je bezbarva, redox-forma modra).

Metodické poznamky: pokud jiz neni pokus presvedcivy, staCi banku
na chvili odzatkovat (do barky se dostane kyslik), opét zazatkovat a
jev se opakuje



Pokus: Tajna pisma

mléko teplo hneda
citronova stava teplo hneda
stava z cibule teplo hneda
ocet teplo ruzova
K(SCN) roztok FeCl, cervena
K [Fe(CN)g] roztok FeCl, modra

roztok Pb?* roztok CrO,* Zluta




Barvy roztoku prechodnych kovu

TRANSITION METAL
JON COLOURS

Transition metals form coloured compounds
and complexes. These colours can vary
depending on the charge on the metal ion,
and the number and type of groups of atoms
(called ligands) attached to the metal ion. In
aqueous solutions, the ions form complexes
with the colours shown to the right.

OH,

H:0y, | WO TITANIUM VANADIUM CHROMIUM

M Ti \Y Cr
H,0” | Vo,
OH,

HYDRATED TRANSITION METAL ION :

Electrons are arranged around the nucleus of
the metal atom in orbitals. Transition metals,
unlike other metals, have partially filled d
orbitals, which can hold up to 10 electrons. :
When ligands are present, some d orbitals 7+ 2+ 2+ 2+
become higher in energy than before, and
some become lower. Electrons can then move
between these higher and lower d orbitals by
absorbing a photon of light. This absorption
of light affects the percieved colour of the :
compound or complex. The wavelength of the :
light absorbed is affected by the size of the :
energy gap between the d orbitals, which is

in turn affected by the type of ligand and the MANGANESE |RON CUBALT NlCKEL CUPPER

charge on the metal ion. )
Mn Fe Co Ni Cu
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Plamenove zkousky

O

Princip: u alkalickych kovu a kovu alkalickych zemin dochazi v
plameni k excitaci valenénich elektronu a k vyzareni pfijaté energie
pri jejich navratu na zakladni hladinu

Pomucky: Pt-dratek, rozpustné soli (chloridy, dusi¢nany) alkalickych
kovu a kovu alkalickych zemin, HCI, kadinka, zkumavky

Pozor, nékteré soli jsou jedy!!!

Alkalické kovy v plameni Kovy alkalickych zemin v plameni

Lithium Draslik | Rubidium| Cesium Stroncium
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Plamenoveé zk

METAL ION
FLAME TESTS

Aflame test is an analytical procedure used by
chemists to detect the presence of particular
metal ions, based on the colour of the flame
produced.
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When heated, the electrons in the metal jon
gain energy and can jump into higher energy
levels. Because this is energetically unstable,
the electrons tend to fall back down to where
they were before, releasing energy as they do
s0. This energy is released as light energy, and
as these transitions vary from one metal ion to
another, it leads to the characteristic colours
given by each metal ion.
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Dekuji za pozornost.
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