Zpracovani skrobu

Kyseld hydrolyza (Kirchhoff, po¢ 19.stol)
nevyhody - vedlejsi produkty
|ze ovlivnit jen stupen hydrolysy, nikoli sloZeni produktu

nakladné zarizeni (konc. kys. sirova, teplota ~ 150 °C)

Enzymova hydrolysa -

Enzymy se uplatriuji jiz pfi separaci Skrobu - e.
degraduijici b.s. rostlin (pektinasy,xylanasy,
celulasy + proteasy, lipasy)



) SKROB
Zelatinizace (100 — 175 °C)

(95 — 105 °C, 90 min)

I's cyklodextriny
Dextriny 10 -20glc
| vewéa lineérr[i oligoshardy

Termostabilni a-amylasa CGTasa }

Plisnové a-amylasa amyloglukosidasa pullulanasa
/ Pullulanasa -amylasa

l |

maltosa glukosa maltosa
maltotriosa glukosovy sirup maltosovy sirup

\

glukosaisomerasa krystalisace

fruktosovy sirup (HFCS)




Gelatinisaton

Liquefaction

Saccharificaton

Starch granules
MHBAS

440 ppm Gzt
Starch slurry

'105'%:, & min
Gelatinised starch (< 1 DE)

H5°C, 2h

L ;
— Liguefied starch {I 1 DE)—
0.3 % D-glucose
2.0 % rmaltose
97.7 % oligosaccharides

fH 4.5
glucoamylase, 150 U kg
pullulanase, 100U kg
BOC, ¥2 1

25 % in cold water

bacterial c-amylase, 1500 U kg

oH 5.5
fungal c-amylase, 2000 U ky!
50 ppm Ca*t

L
Glucose

97 % D-glucose
1.2 % maltose
0.2 % isomaltose

r L

syrup (99 DE)

25°C, 43 h
F

Maltose syrup (44 DE)
4 % D-glucose

86 % maltose

28 % maltotrinse

1.0 % cther dligosaccharides 12 % other oligosacchandes



Specifita — slozeni produktui

Bakterialni Plisiiova Sladova amyloglukosidasa
a-amylasa a-amylasa p-amylasa
Glukosa 4 3 1 83
Maltosa 10 50 60 7
Maltotriosa 18 26 8 3
dextriny 68 21 31 7




Vyroba glukosového sirupu:
-Ztekuceny $krob DE 8 — 12, konc 30% — DE 96 — 98

pH 4 - 4,5, 60 °C DE 100 pouze ve zfedénych
roztocich
96 - ‘* : "t e, 0 200 U kg-1 A. niger glucoamylase plus 200 U
* *a . . kg-1 B.acidopullulyticus pullulanase
fa“\

@ 95 B : 200 U kg-1 A. niger glukoamylasa
coa /- Tvorba
Fo) igomaltosy
<93

92

91 400 U kg-1 A. niger glucoamylase

90 i |

0 20 100 130
Time (h)

The % glucose formed from 30% (w/w) 12 DE maltodextrin, at 60°C and pH 4.3,
using various enzyme solutions. The relative improvement on the addition of
pullulanase is even greater at higher substrate concentrations.



Vyroba HFCS

Glukosaisomerasa, (D-xylosa ketolisomerasa, EC 5.3.1.5)

Tetramer, Mg, Mn, Co — teplotni stabilita

Gl, Mg?* ionex

glukosovy sirup 42% fru ——  55% fru

v

Sweetzyme , Streptomyces murinus, imobilizované burky

OperacCni stabilita imob. Gl - poloCas 200 dni, vyuziti jedné
naplné po dobu 3 polocasu (12,5% puvodni aktivity)

HFCS

- nahrada sacharosy

- levnéjsi

- |épe rozpustny

- nizSi tendence ke krystalizaci




PouZiti produktl hydrolyzy $krobu

Potravinarstvi, textilni a papirensky pramysi

SHP (DE 5 - 8) - termoreversibilni gely, nahrada tukt, Skrobu, stabilizatory
Maltodextriny (DE 3 - 20) - stabilizatory, zahustovadla, plnidla

vyziva pro rekonvalescenty
Maltosove a glukosove sirupy

Cyklodextriny - probrano drive



Produkce modifikovanych Skrobu

Amylosa 20 - 30%
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Mon-reducing end

Amylopektin:

SS - starch synthase

SBE — odveétvujici

GWK - glucan water dikinase - fosforylace glukosovych

jednotek na C3 a C6 - priCina vysokeé bobtnavosti Skrobu,

viskozity

Reducing end

Amylosa: GBSS - granule
bound starch synthase

X

Waxy

Lépe Zelatinizuje,
konstantni viskozita,

- plnidlo a stabilizator



Chemicka uprava Skrobu

- prokfizeni polyglukanovych fetézcu - | bobtnavost

-Vneseni nabitych skupin — stabilizace gelu

Genove inzenyrstvi:

Opakované zmrazovani
vyrobkl obsahuijicich
Skrob vede k agregaci
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Current Opinion In Piant Blalogy

Amylopektin s
kratkymi
postrannimi
fetézci

antisense SBEI a Il - 50 -90% amylosy - pfiprava povrchovych filmd na smazenych

pokrmech apod.

GWD mutanty - fizeni visozity - Skrob pro papirensky pramysil



Hydrolyza proteint

Cil:

» Zména fyzikalné-chemickych vlastnosti proteint
@ Rozpustnost — extrahovatelnost

@ Emulgacni vlastnosti

@ Pénivost

@ Schopnost vazat vodu

» Zmeéna nutricnich a senzorickych vlastnosti

» Zmeéna textury surovin

» Snizeni alergenicity



Hodnoceni dcinku proteas:

1. Stupen hydrolysy:

DH(%) =V, - N,- 1/a - 1/M - 1/h_, - 100
V, = objem spotfebovaného louhu

N, = normalita louhu

a = stupen disociace aminoskupin pfi daném pH
h,,: = faktor vyjadrujici celkovy pocet peptidovych vazeb

2. Pomér AN/TN

AN = formolova titrace aminoskupin
TN = Kjeldalizace

Inaktivace proteas a stabilizace produktu:
Tstupen hydrolysy — zména pH a teploty
| stupen hydrolysy - problém



Proteinové

hydrolyzadty maji
sSiroké uplatnéni:

Proteiny Zmény Aplikace/Vyhody
Rostlinné
soja rozpustnost Zvyseni stravitelnosti, nutriéni
hodnoty, nahrada vajecného
bilku
pSenice senzorické vlastnosti Potravinarské ptisady
hydratace/rheologie Pekarenstvi
rozpustnost Zvyseni stravitelnosti, nutri¢ni
hodnoty
hrach senzorické vlastnosti Potravinarské prisady
rozpustnost
kukfice rozpustnost Krmivarstvi (zatim nikoli
komerén¢)
Zivocisné
Maso (rybi + ostatni) Textura Zvyseni kvality potravin
Rozpustnost/senzorika Potravinaiské piisady
rozpustnost Odstranéni zbytkti — vyZziva
zvitat
mléko Koagulace Vyroba syra
Rozpustnost Zvyseni nutriéni hodnoty
Snizeni alergenicity
krev Rozpustnost/senzorika Potravinatské prisady
kize textura Cinéni kiizi
Mikrobidlni
Kvasinky Rozpustnost Potraviny a krmivo v¢.
senzorika fermentac¢nich medii
Potravinarské ptisady
bakterie rozpustnost Krmivarstvi
SmiSené
Znecisténiny, odpad rozpustnost Prevedeni do odpadnich vod




Vznik horkych peptidi

Proteiny nejsou horké

Hydrofobni AK maji horfkou chut: Leu, Pro, Phe, Tyr, lle, Trp
- leu, phe (15-20 mM ) leu-phe, leu-leu - 10 x nizSi konc. — horka chut

1 s hydrofobicitou C konce,+ pro, | pro

. ,
75% hydrofobnich AK  ~o i
Fish a
kvantifikace hydrofobicity proteint a peptidu: =99 VI\VA““E =
eat
— a c =2 7 s Soy O
() = volna energie pfenosu postranniho fetézce Ak z Rice o Horka chut
ethanolu do vody Egg yolk m] e —
Whey [
Pea a
MNheat gluten O
Q > 1400 cal/mol ik e
Kappa-casein O

peptidy < 6 kDa Maize gluten 0

Beta-casein I | O :

1000 1200 1400 1600
Q (kcal mol™)

Figure 2.9.1 Hydrophobicity of food proteins. The
more hydrophobic food proteins (i.e. higher Q value)
will have a greater tendency to produce bitter flavours
on hydrolysis
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Caffeine equivalents (ppm)

=== \Vheat gluten
e e e o Meat (MDB) === == papain
eeo e trypsin

6 8 10

Degree of hydrolysis (%) 4 6 s 10
Intensity of bitterness is related to the protein substrate Degree of hydrolysis (%)

and degree of hydrolysis. Bitterness is monitored by a X 3y , )
trained sensory panel with reference caffeine standards The bitter peptides produced during hydrolysis will
(200 ppm was the limit of detection). Hydrolysates were depend on the specificity (cleavage site) of the \
prepared using Bacillus subtilis neutral protease and endoprotease used. Hence, to some extent the level of
evaluated as 1% suspensions bitterness can be reduced by protease selection




Odstrariovani horkych peptidt

Klasické:
@ Adsorbce na aktivni uhli

@ Chromatograficky, extrakci alkoholy

@ Maskovani horké chuti (polyfosfaty, aspartat, glutamat, cyklodextriny)

Enzymaticky:
@ Prokfizeni proteinl - transglutaminasa (sniZeni rozpustnosti)

@ Exopeptidasy, aminopeptidasy



40 L. lactis aminopeptidase A. oryzae aminopeptidase
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Porcine carboxypeptidase
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Debittering a casein hydrolysate with L. /actis aminopeptidase (Debitrase™ LL), A. oryzae aminopeptidase
(Debitrase™ DBS50) and porcine carboxypeptidase A and B. Initial casein hydrolysate was 5 per cent DH and had a
level of bitterness equivalent to 1720 caffeine equivalents as a 1 per cent solution. Limit of bitterness detection is
200 ppm




Prokfizeni proteint — transglutaminasa — (protein-glutamine gamma-
glutamyltransferase, EC 2.3.2.13)

— ,potravinarské lepidlo”
- zména textury proteinu

- tvorba gelu

m--.;v]_},rsmm

Transglutaminase
(TGase)

| > + NH;
NH
0=C

NH,
/
D=(> ?

e (5| oo

e 5] e

Protein glutamine + alkylamine <=> protein N(5)-alkylglutamine + NH,*






Tenderizace (meknuti) masa

Kontraktilita svall, rigor mortis

- Uvolnéni proteas (kalpainy, kathepsiny) —
Stépeni filament — tenderizace

- Urychleni procesu — aplikace rostlinnych
proteas (papain, bromelain, ficin)
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MIékarenstvi

1. Vyroba syra

@ syrenina

@ zrani
2. Vyroba delaktosovaného miéka
3. Zpracovani syrovatky

4. Sterilizace mléka za chladu



Slozeni mleka

Voda (87 — 90%)

Proteiny (2- 3%) — kaseiny (micelarni, 75 — 85%)
- syrovatkové (laktoglobulin, laktalbumin, 15 — 22%)
- peptidy (2 — 4%)

Lipidy (1- 4%) — TAG, fosfolipidy, cholesterol

Laktosa (4,5 — 7%)

Vitaminy



Zpracovani mléka

Proces

Produkt

Tepelné oSetreni

konzumni mléko,

odstredéni

Standardizované mléko,
smetana,

Koncentrace a suseni

Kondenzované a susené
mléko

Sladké (enzymoveé) srazeni

Syr zrajici, sladka syrovatka

Kyselé srazeni, fermentace

cerstvy syr, jogurt, zakys
syrovatka




Vyroba syra

standardizace mléka

pasterizace (72 °C, 15 s)

ochlazeni, 30 °C

v

starteroveé kultury

v

koagulace,
syridla, Ca®*
v
/ i \
syrovatka syfenina

v

lisovani, zrani



aSl-casein: (molecular weight 23,000; 199 residues, 17 proline residues)

Two hydrophobic regions, containing all the proline residues, separated by a polar
region, which contains all but one of eight phosphate groups. It can be precipitated at
very low levels of calcium.

aS2-casein: (molecular weight 25,000; 207 residues, 10 prolines)

Concentrated negative charges near N-terminus and positive charges near C-terminus.
It can also be precipitated at very low levels of calcium.

R -casein: (molecular weight 24,000; 209 residues, 35 prolines)

Highly charged N-terminal region and a hydrophobic C-terminal region. Very
amphiphilic protein acts like a detergent molecule. Self association is temperature
dependant; will form a large polymer at 20° C but not at 4° C. Less sensitive to calcium
precipitation.

K-casein: (molecular weight 19,000; 169 residues, 20 prolines)

Very resistant to calcium precipitation, stabilizing other caseins. Rennet cleavage at the
Phel05-Met106 bond eliminates the stabilizing ability, leaving a hydrophobic portion,
para-kappa-casein, and a hydrophilic portion called kappa-casein glycomacropeptide
(GMP), or more accurately, caseinmacropeptide (CMP).



Casein micelles
- and their processing

0
g

The casein micelle:

=Casein (dg;, dey, B, K)
=Micellar calcium phosphate
=d = 100-300 nm




Casein Micelle Caselin Submicelle

hydrophobic core
-  CMP "hairy"
w]':“ layer

¥ - cOosein -
enriched surface

& Cuq{F'Clq) 4 cluster




Koagulace kaseinovych micel - 1.faze sladkého srazeni mléka
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2.faze — koagulace probiha jen v pfitomnosti Ca?*

3.faze —postupuijici hydrolysa, nezadouci



POZADAVKY NA VLASTNOSTI SYRIDEL:

v' omezeni nezadouciho Stépeni B-kaseinu

v’ specifita podobna chymosinu

v’ zavislost pribéhu koagulace na pH a koncentraci Ca?*

v’ zavislost na teploté koagulace, tepelna stabilita (regulace 3. faze
srazeni)

v’ stabilita béhem skladovani

Mikrobialni syfidla: vy§Si pomér proteolytické a koagulacni aktivity
vySSi termostabilita — horké peptidy

nutna zmeéna technologie (pH, teplota, Ca?*)



Typ sytidla zdroj Komer¢ni preparat Poznémka

Zivo¢isné Hovézi predzaludky | Stabo 100% pepsin
Hovézi + teleci Cabo 60 — 100% chymosin
telect
ktizle¢i Grandine

Mikrobialni Mucor pusillus Emporase, Renzyme
Rhizomucor miehei | Fromase, Rennilase
Cryphonectria Superen, Svycarsko, Italie
parasitica Thermolase

rekombinantni A.niger Chymogen, Nepovoleno ve viech zemich

Chymostar

A.oryzae Novoren Vyuzivéan intenzivné od 1994
E.coli Chymax Nepovoleno ve viech zemich
Kluyveromyces Maxiren Nepovoleno ve vSech zemich
marxianus

Rostlinné Ananas - bromelain Pfili§ proteolyticky
Papajovnik- papain P1ilis proteolyticky
Arty€ok kardovy Cardoon Serra de Estrela Portugalsko




DalsSi enzymy v mlékarenstvi

Zrani syri - komplexni biochemické pochody

- Syridla (az 30% v syreniné)

- endogenni enzymy — plasmin,xanthin oxidasa, kysela fosfatasa, lipasy
- enzymy starterovych kultur a sekundarnich MO

- exogenni enzymy proteasy, lipasy u nékterych specielnich druht syra



- &.'
B-galaktosidasa % ‘:g g oy

1. Stépenilaktosy v mléce
» bezlaktosove mleko

> Uprava mléka pro vyrobu kondenzovaného miéka, jogurtd,
mrazenych krému

2. Hydrolysa laktosy v syrovatce
» Volny enzym — vsadkove s ultrafiltraci
» Imobilizovany enzym — nosic, permeabilisovaneé bunky
« Vsadkové (4 h, 37 °C resp. 24 h, 8 °C)

 kontinualné



MOZNOSTI POUZITi HYDROLYSOVANE SYROVATKY

>

G Rl ey

Sladidlo v mlékarenstvi, cukrarstvi, pekarenstvi a pfri
vyrobé nealkoholickych napoju

Urychleni fermentace v jogurtech, tvarozich, pivu a
vinech

Rizené hnédnuti v pekarenstvi a cukrarstvi

Nahrada mléka do zmrzlin

Bezlaktosové vyrobky

Vyroba alkoholu

Krmivo pro domaci a hospodarska zvirata



Sterilizace mléka za chladu
(kontinualni systém)
Laktosa
l B-galaktosidasa

Glukosa
l GOD

H,0,

Obsazena v mléce,

el aktoperoxidasa + SCN-

\)
OSCN-
(baktericidni ucCinek)




Vyroba napoju

@ Pivovarnictvi
@ Vinarstvi

@ Zpracovani ovoce a zeleniny (konzervarenstvi)



Pivovarnictvi

Tradi¢ni vyroba - bez pfidavku enzymu........ ale

1. Priprava sladiny - nahrada sladu Skrobem - a-amylasa (BAN), proteasy -
uvolnéni B-amylasy

2. Fermentace - vyjimecne - pri vyrobé ,lite" zvyseni obsahu
fermentovatelnych sacharidu - pululanasa, amyloglukosidasa

nizkalkoholicka piva — snizeni obsahu fermentovatelnych sacharidu
1. Filtrace - §tépeni polysacharidu b.s. - B-glukany
2. Stabilizace piva - odstranéni zakalu

3. maturace -



Chladovy zakal --» permanentni zakal

Interakce koloidnich castic
Vliv teplot, oxidace, kovovych iontu, svétla

Haze Fres Beer Chill Haze Permanent Haze

L | @m O S[mple ﬁﬂ'\'anoids
= ¥ ' : ”

I e @’ i Now o Oxidized flavanoids olizomes
; ‘/\: -\c., Tannoid - Polymer . 2 .
3 z O Oxidized taunoids Proteins

Flavanoids - Dimer

Odstranovani zakalu

..... papain
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Alpha-l.-arabinofuranosidase
0=——CH, Terpenol

0 ©
OH
OH OH

OH
6-O-alpha-L-arabinofuranosyl-

beta-p-glucopyranside
Alpha-L-rhamnopyranosidase

Beta-D-aplofuranosidase

HO 0——CH, Terpenol 0 ——CH,

OH
6-O-beta-p-apiofuranosyl-

Terpenol beta-p-glucopyranside
\ CH,OH /‘/
(o}

O |<«¢— Beta-o-glucopyranosidase

S-O-nlpha-i.-rhamnopyrcnosyl-
beta-0-glucopyranside

OH
Beta-D-glucopyranoside

Terpenol
(géraniol, nérol, linalol, etc.)

Figure 2.22.3 Hydrolysis of terpene glycosides




Zpracovani rostlinnych surovin, vyroba ovocnych ndpojd

Peelzym

1. Faze A 1;’
» Loupani
» Macerace — bunécné suspenze
> Ziskani fermentovatelnych sacharidu
2. Faze - vyroba napoju
> Cifeni ovocnych §tav
» Usnadnéni filtrovatelnosti

» Uprava senzorickych vlastnosti



Pectin in suspension
due to electrostatic
repulsion

Pectolylic enzyme action

Expostre of dissimilarly
charged surfaces

Agglomeration due to
electrostatic attraction

e

Figure 7.4 Mechanism for the formaticn of pectin-protein flocs in apple juice




Glucose




Zpracovani oleji:

Repkovy olej: nahrada extrakce oleje organickymi rozpoustédly

Pressing + Solvent extraction

[ Conventional process |
‘ !

!
R 3
a e
g Qil Rape flake
S . &
e 0 %o ; LT
€ S
Oil § it
Protein "Sugar" %
Hu]l
[ New technology fraction

Aqueous enzymatic extraction

Myrosinasa (E.C. 3.2.1.147);

B-D-thioglukosidasa

degradace glukosinolatu: oh 0

HO 5 [+

HO
OH f



Zpracovani olivového oleje - Olivex

Odstranéni nehydratovatelnych slozek oleje (degumming) —
PA, FFA, kovoveé ionty, barviva, aromaticke latky, slizotvorné
latky

1.Chemicka rafinace oleje - NaOH,
2. Prohanéni vodni parou + kyselina
3. Enzymaticky - fosfolipasy A, C

PLA,

¥

I PLC

PLAz;' ° [ ]

Lecithase PLA, PLA, @ PURIFINE®
— —_ -
Fatty Acid Fatty Acid E':D OII

1,2-Diacylglycerol (DAG)

e =

Phosphate ester
Lysophospholipid Lysophospholipid




Transesterifikace -

™1 g Lipase
. i ~| =

0y

L, L, ~L L L L

il

Figure 4. inferesmdfication usng » T 3.5pecific (ipsse

- ,zkvalitiovani“ tuku (kakaové maslo, mlécny tuk)
- bionafta - alkylace

- Odstranovani trans MK - produkt parcialni dehydrogenace
(ztuzovani)

Zdravotni rizika - opacny efekt nez cis MK



Pekdrenstvi

Standardizace mouk — Taka-amylasa

Vyroba tésta, kvalita lepku

Proteasy (plisfiove, rostlinné, transglutamlnasa)

GOD/KAT - oxidace SH skupin glutenu

B-glukanasy, pentosanasy

glutenin g“;dm

\

W%csscw%mﬂ.
mmsscwmmmcsscmm
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Kynuti tésta - produkce a zadrzeni CO,

a-amylasy (plishove)
glukoamylasa

Vzhled peciva

LOX - barva

Amylasy - struktura a vlastnosti kurky

- okoravani




