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1. Literarni prehled

1.1.  Silaini plodiny

Konzervace kvaSenim kyseliny mlééné je naprosto béZna metoda oSetfeni krmiva. Silaze v
Evropé jsou nejcastéji vyrabény z travy, kukufice a dalSich picnin, rozdily v jednotlivych
statech jsou v poméru jednotlivych plodin. Kukufice je vyznamna glycidova plodina, ktera
za priznivych povétrnostnich podminek poskytuje nejvyssi vynosy Zivin a energie z ha
plochy ze v3ech u nas béZzné péstovanych picnin. Vedle kukufi¢nych silazi z celych rostlin
je v soucasné dobé vénovana zvySena pozornost také konzervaci produktii z délené sklizné
kukufice, zvlasté konzervaci mechanicky upravenych palic s listeny (LKS) a vlhkého
kukufi¢ného zrna (DIVIS, 2002).

V Rakousku bylo za rok 1994 odhadovano, Zze bylo sildZovano 393.000 ha travnich
porostl, 94.000 ha kukufice, 33.000 ha leguminéz (hlavné vojtésky) a 1.500 ha GPS.
Plocha pozemkii uzivanych pro vyrobu sena ma tbytek z asi 760.000 ha v roce 1984 na
570.000 ha v roce 1994. Celkové mnozstvi vyprodukované silaze ziistalo relativné
konstantni, zatimco vyroba travni sildze se zvysila pfiblizné o 66 % v poslednich deseti
letech a nahradila niz8i mnozstvi vyprodukované kukufi¢na silaze. Hlavni zpisobem
uskladnéni jsou velké baliky, prijezdné silazni jamy a také silaZni véze (Wilkinson et al.,

1996).

1.2. Dalezité zasady pro sklizeri a silaZovdni

Pro farméfe je zajimavé sekat krmivo v Case kdy je jeSté bohaté na sacharidy rozpustné ve
vodé pro ziskani spravného pribéhu mlééného kvaseni. Povétrnostni podminky musi byt
vhodné pro sklizeni. Pozdni sklizefi mize mit za nasledek piili§ vysokou suSinu krmiva s
naslednym Spatnym udusanim pii silazovéani a tim vysokym obsahem vzduchu v silaZni

jame. Toto muze vést ke Spatnému pribéhu kvaseni a k vysokym ztratam.

Stroje pro se¢, otaCeni, nahrabovéni, sbér a fezani musi byt spravné nastaveny pro
zamezeni zne¢iSténi zeminou. Vyska strniSté trav by méla byt 5 az 7 cm, kdy jiz nezlistava
zadna voda na stéble rostlin. Se stoupajici obsahem popelovin z necistot, jako je zemina, se
stadva vyS§Sim riziko Spatné fermentace, zvlasté maselné kvaseni (McDonald et al., 1991;

Buchgraber, 1998).
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Krmivo by mélo mit spravny obsah su$iny (stupeil zavadani, pro travu a GPS 28 az 40 %),

ktery v procesu silaZovani vyrazné ovliviluje postupem ¢asu hodné faktorti.
Vysoky obsah susiny dava nasledujici vyhody:

e Mize byt snizen odtok silaznich §tav;

e ztraty zivin mohou byt minimalizovany;

e rozpustné sacharidy jsou v krmivu pfitomny ve vy3sich koncentracich;

e podminky fermentace je vyhodnéjsi pro bakterie mlé¢ného kvaSeni a horSi pro

Clostridia;

ww >

dal$im dusledkem je vy3si pfijem susina zvifaty.

Ale souCasné musime vzit v Ovahu, Ze pfili§ vysoky obsah susiny vede k Spatné
stladitelnosti-udusani silazi a zvySenému obsahu vzduchu, ktery miZe mit za nasledek
aerobni zkazu silazi a rist plisni. Dilezity prostfedek jak vyrobit v sile kompaktni hmotu je
optimalizovana délka fezani. Zv1a3té pro star$i krmivo (travni porost) s vy38im obsahem
vlakniny nebo pfi vy$$im obsahu suiny je doporuéena délka 2 az 5 cm. Naplnéni sila musi
byt dokon&eno tak rychle jak je to jen mozné, tim se vyhneme dlouhé aerobni fazi. Toto by
zpiisobilo vy$§i ztraty dychanim a rychlé rozsifeni kvasinek, koliformnich a dal3ich
mikroorganismii zptisobujicich zkdzu. Pro zamezeni pronikani vzduchu do sila je potfebné
diikladné zakryti folii z UV - odolného plastu s tadnou upevnénou chranici siti
(Buchgraber, 1998). K tomuto zpiisobu zakryti je vhodné pouzit jako zévazi naptiklad
pytle s piskem.

1.3. SilaZni aditiva

Aditiva mohou mit riiznou miru uzite¢nosti pro sildaz. Buchgraber a Wogler (1994)
poukazoval na to, Zze v3echny dileZité zasady silazovani musi byt vzdy dodrzeny.
Konzervace krmiva zneci§téného zeminou, piili§ pozdni sklizenn nebo krmivo promoCené
dest®ém béhem doby zavadani nemize byt ponechana bez pouziti silazniho aditiva.

Nicméné, obecné nemiiZe byt kvalita sklizené pice zlepSena pouzitim piisad.
Efekty, které mizeme ziskat jsou:
sniZeni ztrat a zlepSené kvaseni (vetné lepsi aerobni stability),

e sniZeni zkdzy plsobenim mikroorganismy a dal§imi latkami, které produkuji
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(clostridia, kyselina maselna, kvasinky, plisné a mykotoxiny);

e zlepSeny pfijem krmiva zvifaty;

e zvydeni stravitelnosti silaZe.

Pro ovéfeni vySe uvedenych efektli bylo jiz provedeno mnoho pokusi.

Tabulka 1. 1: Klasifikace silaZnich pFisad (modifikovdano 7z Woolford, 1984)

Trida

Forma

Mechanismus pusobeni

Priklad

Piimé okyseleni

Anorganické kyseliny

Organické kyseliny

Snizeni pH silaze a na
pocatku ovlivni i zmény ve
slozeni mikroflory

Sirné a chlorovodikové
kyseliny

Kyselina mravendi, benzoova,
propionova a pryskyficné
kyseliny

Inhibitor Piimo pusobici Formaldehyd
fermentace desinfekéni prostiedky
Inhibice mikroflory ihned
pii aplikaci, nebo naslednym
Nepiimo piisobici pusobenim aktivnim agens  yeyamine
desinfekéni prostiedky
Stimulanty Ziviny Podpora fermentace Melasa, sacharoza
fermentace pfidanim zkvasitelnych Zivin
Enzymy Vyuziti rezerv — obsahu Celulolytické, amylolytické
cukrl ze zkvasitelnych enzymy, xylanazy
substratu, které by jinak
nebyly vyuzity.
Mikrobialni kultury Zvyseni dominance Homofermentativni a
ucinnych kment bakterii heterofermentativni bakterie
mlééného kvaseni, bakterie
propionového kvaSeni
Specifické Antibiotika Pfimé potlaceni ristu Bacitracin, streptomycin
antimikrobislni Syqtepcke L plivodcil zkdzy fermentace  bronopol
bt antimikrobialni latky Chloid codnd. Wkt s
' Jiné antimikrobialni DFIS BOCHY, RINAL by
latky
Ziviny* Energie Zlepseni zivinové hodnoty  Obilny §krob

Dusik, mineraly

sildze

Mocovina, uhli¢itan védpenaty

*nékteré zde uvedené prisady mohou také byt klasifikovany jak stimulator kvaseni




Literarni prehled

1.3.1. CHEMICKE PRISADY

Velmi béZna silaZzni aditiva jsou kyseliny nebo jejich soli, které velmi rychle snizuji pH
krmiva. Koutny a Buchgraber (1994) popisuji vhodnost pouZiti pro tyto pfisady pii

podminkdch, které zhor§uji normalni schopnost fermentace silaze:

e Plodiny s vysokym obsahem bilkovin (vysoka pufracni kapacita) ktera jsou obtizné

silaZzovatelné: jetel Cerveny, vojtéska, je¢men, fazole, zZito a vikev seta;
e 3patné zavadlé krmivo s obsahem su$iny pod 28 % suSiny;
e kdyzZ je vegetadni stupen piili§ pokrocily (ptili§ pozdni sklizen);

e velmi hruby material s vysokym obsahem suSiny (zavadla silaz vic nez 40 %

susiny); je obtizné dobie provést udusani nebo

silaz ma sklon k aerobnimu zkazeni (zvlasté na jafe a v 1ét&).

V Rakousku bylo, jak uvadi Wilkinson et al. (1996), asi 5 % kukufice a asi 7 % travnich

silazi oSetfeno chemickymi pfisadami.
1.3.2. Anorganické kyseliny

Anorganické kyseliny jako chlorovodikova, sirova nebo kyselina fosfore¢na nema zadné
specifické antimikrobialni vlastnosti a miZe pusobit jenom jako okyselujici agens
(Woolford, 1984). Pouziti anorganickych kyselin jako silaznich aditiv pokleslo kvili

problémim spojenym se zachdzenim s nimi a zdravotnimi aspekty.

1.3.2.1. Organické kyseliny a soli

Mastné kyseliny s kratkym fetézcem maji antimykotickou aktivitu, a tak zabrafiuji
kvasinkdam a plisnim v jejich aerobnim projevu (Moon, 1983). Na rozdil od anorganickych
kyselin maji soli téchto kyselin specifické antimikrobialni vlastnosti. Nedisociované
kyseliny jsou lipofilni a mohou proniknout buné¢nou membranou. Ve vnitrobunééném pH,
napiiklad 6, se kyseliny oddé€li znovu; vice kyseliny se rozptyli a A pH mezi vnéj§im a
vnitinim prostfedim bude nakonec stejné. Tak, nedisociované organické kyseliny pracuji
aktivné v hodnotich pH kolem nebo na spodnich hranicich jejich pK hodnot. Mlé¢na
kyselina je siln€jsi kyselina (pK 3,86) nez kyselina octova (pK 4,75) nebo kyselina
maselna (pK 4,82), ktera ucinkuje i ve velmi nizkém pH = 3,5 (Davidson a Hoover, 1993;
Gilliland, 1985; De Vuyst a Vandamme, 1994). Lindgren (1991) popisuje také, Ze kyselina

octova ma v pH intervalu mezi 4 a 4,6 dva az ¢tyfikrat vice kyseliny v nedisociovaném

4
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stavu. Domniva se, ze mnozstvi kyseliny octové v nedisociovaném stavu by mohlo byt
dokonce vyssi (5,6 a 7,7 krat vice neZ u kyseliny mlé¢né). Toto by mélo vysvétlovat jeji
silngj8i inhibiéni efekt proti kvasinkdm a plisnim. Nedisociovana kyselina mravenci
nalezena v pokusu Lindgrena méla je$té vice snizujici aktivitu kvasinek a plisni. Kyselina
propionova byla pouzita v experimentu Kung et al. (1996). Mnozstvi aplikované kyseliny
propionové korelovalo s aerobni stabilitou silazi (’=0,9). Ale v tom miizeme také vidét
nékteré zaporné aspekty pro pouziti organickych kyselin pro silaZovani. Henderson (1991)
se zmifiuje, ze napiiklad pridani kyseliny mraven¢i omezi aktivitu bakterii mlé¢ného
kvaseni. Nasledek toho je vy33i obsah vodorozpustnych sacharidii coz mize vést ve
vytvafeni etanolu kvasinkami, které mohou pfezit také v kyselém prostiedi. Také Britt el
al. (1975) nalezl niz8i mnozstvi kyseliny mlécéné v silazich oSetfenych organickymi

kyselinami, které ukazuje snizené kvaSeni snizenim mikrobialni aktivity mléénych bakterii.
1.3.3.  ZDROJE SACHARIDU

Gross a Riebe (1974) popisuje nezbytnost ptidavani zkvasitelnych sacharidii pro zaruku
lepsi pfitomnosti sacharidli pro produkci kyseliny mlééné bakteriemi mlééného kvaSeni.
Tim mizZe byt pfedchazeno rozvoji mikroorganismti zptsobujicich zkazu. Hlavni zdroje
jsou cukr (sacharéza) nebo melasa (Buchgraber; 1998). Dal$i mozna forma pro dodani
sacharidii hlavné do hmoty s vysokym obsahem suSiny je pouzit syrovatku. Takto lze
navysit obsah laktozy a také sniZit obsah sudiny a zvyhodnit rst bakterii mlééného
kvaSeni. Nicméné, zptisob aplikace vySe zminovanych zdroji neni zcela bézny a je spojen
zejména s technologickymi problémy pfi aplikaci (nutnost velkych nadrzi pfimo na poli,

velké davkované mnozstvi).

1.3.4. ENZYMY

Enzymy naruSujici bunéfnou sténu jsou pfidavany pro uvolilovani vodorozpustnych
sacharidii béhem fermentaéniho procesu, pro lepsi zasobeni bakterii vétSim mnoZstvim
piirozeného substratu. Henderson et al. (1991) sledoval vyznamny rozklad hemicelul6zy
pfi nizké susiné travy. Arabindza a xyléza jsou uvolnéna z arabinoxylandzami a glukéza z
glukanazami z ¢asti hemicelulézy. Pouziti enzymil vSak neni vZdy jednoznacné, vzdy

vyrazné zvy§uje cenu silazniho inokulantu. Vysledny efekt je nejisty.
1.3.5.  BAKTERIE MLECNEHO KVASENi

Dalsi moZnost omezeni rustu nevhodnych mikroorganismil béhem sildZovani je inokulace
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silazované pice takovou mikroflérou, kterd posili zadouci epifytni mikrofloru, coz ma
pozitivni u¢inek na vysledek konzervace. Véfilo se, Ze hlavné homofermentativni bakterie
mlééného kvadeni (n€které druhy z druht rodt Lactobacillus, Streptococcus Streptococcus a
Pediococcus) jsou schopné snizenim pH zabranit zkaze silaZze plsobenim ostatnich
mikroorganismi. Kritéria, ktera by mél mit idealni silazni inokulant uvedl Seale (1986).
Tato kritéria byla nékolikrat pfeformulovana, ale nasledujici hlavni rysy jako obecné

povazuje Rees (1997):
1. Rychly riist a ispé$na konkurence s pfirozenou mikroflérou.
2. Homofermentativni kvaSeni cukrii a rychla produkce kyseliny mlécné.
3. Tolerance kyselého prostiedi (pro pH kolem 4).
4. Kvaseni Sirokého okruhu sacharidi.
5. Zadna produkce nezkvasitelného dextranu ze sacharézy.
6. Zadna produkce manitu z fruktézy.
7. Zadna degradace organickych kyselin.
8. Rist nebo prinejmensim pieziti v teplotach az 50°C.
9. Dobry riist na zavadlé rostlinné hmoté s nizkou susinou.

10. Musi byt moznost aplikace v praSkované nebo granulované formé, a tato forma

musi byt stabilni béhem skladovani inokulantu.

Seale a Henderson (1984) ovéfovali také smés heterofermentativnich bakterii mlééného
kvaseni (Lactobacillus brevis, Lactobacillus buchneri, Leuconostoc dextranicum a
Leuconostoc mesenteroides) v porovnani s L. plantarum. Nasli hlavni vyhodu L. plantarum
proti piivodnim epyfitickym bakteriim nebo proti heterofermentativni bakteriim mlééného
kvaseni a tou je jeho schopnost vyvolat rychly pokles pH, docilit nizkého obsahu

amoniakalniho dusiku a nizkého obsahu kyseliny octové.

Startérova kultura (inokulant) se obvykle aplikuje do silaZované hmoty v granulatové nebo
tekuté formé (nafedény a rozpustény ve vodé). Obecné se u picnin aplikuji inokulanty pfi
sbéru a fezani hmoty, u kukufi¢né silaze z celé rostliny se inokulace provadi pfi seceni a
fezani. Spravné a rovnomémé rozdéleni (distribuce) inokulantu v sildZované hmoté ma

vysoky vyznam pro dosaZeni maximalniho G¢inku.

Pohled na aplikaci biologickych pfisad v Rakousku 1994: piiblizné 10 % kukufiéné silaze




Literarni piehled

je osetieno biologickymi prisadami (Wilkinson, 1996). Oproti tomu je odhadovano v CR

v roce 2006 oSetieni 55 % kukufi¢nych silazi.
1.3.6. BAKTERIE PROPIONOVEHO KVASENI

Jako zivotni pozadavky bakterii propionového kvaSeni jsou uvadény naptiklad nizké pH,
anaerobni prostfedi. Dalsi vlastnosti propionbakterii je schopnost kvasit cukry stejné jako
organické kyseliny. Hlavni produkt tohoto téchto mikroorganismii, kyselina propionova, je
ziskany z kvaSeni malého mnozstvi mlé¢né kyseliny a mélo by zlepsit aerobni stabilitu
silaze (Pahlow, 1991). Také Woolford (1984) signalizoval, ze by bylo dobré mit silazni
inokulanty s bakteriemi propionového kvaseni kvili navySeni mnozstvi kyseliny
propionové pro zlepSeni aerobni stability sildaze. Honig (1991) mohl prezentovat
experimenty se slibnymi vysledky pfi pouzivani inokulantu obsahujiciho bakterie
propionového kvaSeni v kombinaci s bakteriemi mlé¢ného kvaSeni. Jiz po 30 dnech
fermentace byla dosaZena aerobni stabilita 9 dnli. V nékolika pracich byly propionové
bakterie pouzity jako silazni inokulanty. Flores-Galarza et al. (1985) dokonéili nékolik
experimentl s piidavkem Propionibacterium shermaniia a L. plantarum pro konzervaci
kukufice o vysokého vlhkosti. Konstatovali, Ze vzorky inokulované P. shermanii
vykazovaly kone¢né vysoké pocty bakterie mlééného kvaseni po 60 dnech fermentace. Zda
se, Zze Propionibacteria vytvati ptfiznivé podminky pro rist normalni flory. Také nékteré
patentované silazni inokulanty jsou tvofeny smési bakterii pro ziskani kyseliny
propionové, mlééné a octové v silazované hmoté. Naptiklad tvrzeni tykajici se
Propionibacterium (napf. jensenii), stejné jako Acetobacter (napi. pasteurianus),
Lactobacillus (napt. plantarum) a Pediococcus (napt. P. pentosaceus) shrmul Ward (1995)
ve svém patentu. Weinberg a Ashbell (1993) ptedpokladaji, Ze kombinace
heterofermentativnich bakterii spole¢né s bakteriemi propionového kvaseni v silaZnim
inokulantu miZze zpisobit zvySeni aerobni stability silaZze. Nicméné, v roce 1995 Weinberg
et al. (1995) odhalili v nékterych experimentech s prosem a kukufi¢nou silazi oSetfenou
Propionibacterium shermanii Ze byly dosaZeny pouze okrajové u¢inky na aerobni stabilitu.
Jejich vysvétleni k t€émto naleziim bylo, Ze Propionibacterium shermanii nesnasi kyselé
prostiedi v silazi. Toto je také divod, pro¢ neni na trhu Zzadny silazni inokulant s

Propionibacterium shermanii.
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1.4. Bakterie mlécného kvaseni
1.4.1. BAKTERIE MLECNEHO KVASENI PRI FERMENTACI SILAZI

Role bakterii mlééného kvaSeni na rostlinach neni Gplné vysvétlena (McDonald et al.,
1991). Protoze bakterie mlééného kvaseni byly nalezeny ve vyssich po¢tech na poruSenych
Castech rostlin, bylo proto navrhovano, ze mohou chranit rostliny pfed patogennimi
mikroorganismy tvorbou antagonistickych sloucenin, jako jsou kyseliny, bakteriociny a

specifické agens proti houbam.

NejbéZnéjsi bakterie mlé¢ného kvaseni jsou uvedeny v tabulce (Tabulka 1.1). Bakterie jsou
rozdéleny podle jejich tvaru (ty¢inky a koky) a podle jejich fermentatniho metabolismu
(homofermentativni a heterofermentativni). Rozlifeni je proto zaloZzené CasteCné na
stavebnich a z&asti na biochemickych zakladech. Stanier et al. (1993) popisuje rozdéleni
sherical bun&k bakterii mlé¢ného kvaseni do kmenovych skupin. Pediococcus vytvari
skupiny &tyf bunék — homofermentativnich. Streptococcus a Leuconostoc nalezi k jedné
skuping, vyrabg&jici fetézy z bunék; nejdiive jsou homofermentativni, pozdéjsi
heterofermentativni. Autor udava také déleni pro rody Lactobacillus, ty¢inkovych bakterii
mlééné kvaeni, do tfech podrodi. Heterofermentativni (podrod Betabacterium) bakterie
kvasi vylu¢né jednoduché cukry fosfatovou cestou, a vzdy tvofi racemickou kyselinu
mléénou. Homofermentativni bakterie jsou zatazeny ve dvou podrodech, Thermobacterium
a Streptobacterium. Oba rozkladaji sacharidy pouze pfes Embden — Meyerhof cestu, a
nezpracovavaji  zddny jednoduchy cukr ani kyselinu glukonovou. Specificka
charakteristika pro thermobacteria je, jak signalizuje jejich jméno, jejich vysoka teplotni
minima a maxima. U Streptobacterium jsou hexozy podobné disimilovany vylucné skrz
Embden — Meyerhof cestu, ale tyto organismy obsahuji oxida¢niho enzymy jednoduchého
cukru pro vyuZiti prostfednictvim fosfatové cesty, kterd umozni tomuto podrodu rozlozit
kyselinu glukonovou a jednoduché cukry pomoci tohoto mechanismu. Podle toho, jsou
Castetné homofermetativniho, na rozdil od vyhradné homofermentativniho podrodu

Thermobacterium.

1.4.1.1. Lactobacillus buchneri a jeho znamé efekty

Obecné se predpoklada Ze heterofermentativni bakterii mlééného kvaseni (L. buchneri, L
brevis) v silazi nemaji pozitivni nebo maji dokonce negativni icinek. Miiller et al. (1991)

popsal piirozenou floru silaze, kterou pouzil v pokusu. Flora obsahovala mala mnoZstvi
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epifytickych bakterii mlé¢ného kvaeni, které se skladaly hlavné z heterofermentativnich
druhti, které by stéZi byly schopny produkovat dostate¢né mnoZzstvi kyseliny mlééné pro
ziskani spravné konzervované silaze. Bucher (1970) povaZoval heterofermentativni
betabacteria dokonce za organismy zpusobujici budouci zkaZeni silaZe, protoze zahdji
druhotné kvaSeni mlé¢né kyseliny na kyselinu octovou. K tomu je vice literarnich zdroji
(Camacho et al., 1991; Dellaglio et al., 1986; Bucher, 1970; Beck, 1972 a 1975; Daeschel
et al., 1987 Farrow et al., 1986; Sharpe, 1981 a Seale a Henderson, 1984) o pouziti a

vyskytu L buchneri v silazich nebo zkvaSené zeleniné.

Tabulka 1.1 Nékteré bakterie mlécného kvaseni, dileZité pri fermentaci sildZe (McDonald et al.,

1991)
Rod Kvaseni glukozy Morfologie Laktat Druh
Lactobacillus |Homofermentativni  Ty¢inky DL L. acidophilus
L(+) L. casei
D(L) L. coryniformis
DL L. curvatus
DL L. plantarum
L(+) L. salivarius
Heterofermentativni Ty¢inky DL L. brevis
DL L. buchneri
DL L. fermentum
DL L. viridescens
Pediococcus |Homofermentativni  Ty€inky DL P. acidilactici
DL P. damnosus (cerevisiae)
DL P. pentosaceus
Enterococcus |Homofermentativni  Koky L) E. faecalis
L(+) E. faeceum
Lactococcus  |Homofermentativni  Koky L(+) L lactis
Streptococcus |Homofermentativni  Koky L(+) L bovis
Leuconostoc |Heterofermentativni  Koky D(-) L mesenteroides

Napfiklad Camacho et al. (1991) pouzili mezi dalSimi razy také L buchneri NRRL B-1837
pro fermentaci lupiny. Cilem bylo redukovat glykosidy a kyselinu fytinovou v tomto druhu
lusténiny.

Je dobie znamé, Ze se L. buchneri ptirozené vyskytuje se v silazich a na rostlinach
(Daeschel et al., 1987; Beck et al., 1987). Bucher (1970) izoloval 2124 druhi bakterii
mlééného kvaseni ze silazi, z tohoto poctu se L. buchneri vyskytoval 707krat. Dale take
popsal Ze heterofermentativni betabacteria byly nejvéti skupinou bakterii mléénéhc

kvaSeni, vyskytujicich se v silazich. Peterson a Fred (1919) predpokladali, ze kyselin:
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octova je vytvofena druhotnou oxidaci kyseliny mlééné heterofermentativnimi bakteriemi
mlééného kvaSeni. Bucher (1970) také potvrdil, Ze betabacteria a pediococci maji
schopnost metabolizovat laktat na acetit a CO0,. Elektronovy transport by mél byt
umoznény flavinovym systémem. U betabacterii to miZze byt potlaeno arzenitanem.
Optimalni pH bylo popséano 5,5, ale tato reakce miZe také probihat v pH 4,0 pii zachovani
energické rovnovahy. Uréité mnoZstvi acetatu brani disimilaci laktatu, ale nezabrani
kvaSeni glukdzy za piistupu vzduchu. Fermentace druhi L. brevis, L buchneri a
Pediococcus spp. je v silazich s vysokym obsahem cukri popisovana jako normalni, ale v
silaZich s nizkym obsahem cukru je popisovana fermentace mlécné kyseliny témito druhy.
Tak je zajisténa jejich stala ptitomnost v silazi. Také Beck T. (1975) popisuje schopnost
heterofermentativnich Betabacteria a homofermentativnich Pediococcus produkovat
kyselinu octovou z mlééné kyseliny v micro-aerophilnich podminkach v pozdé&jsi fazi
fermentace silaze. Toto mnoZstvi kyseliny octové se jevi dostacujici k tomu, aby zabranilo
ristu kvasinek. Pro maximalni produkci kyseliny octova z kyseliny mlé¢né je pozadovany

parcialni tlak kysliku mezi 50 a 100Torry.

Beck (1972) napsal, Ze v kvalitné zakonzervovanych silazich, prevladal L. plantarum a L.
curvatus prvni 4 dny fermentace silaZe, nasledné ziskaly pievahu L. brevis a L buchneri.
Také Garzia a Giovanna (1984) nalezli v 23 vzorcich silaze od italskych farmaia 40 druhil
Lactobacillus a 33 bylo heterofermentativnich kokt mlééného kvaSeni. Mezi druhy
Lactobacillus byl nejvice Casty L. buchneri, nasledovany L. brevis a homofermentativni L.
plantarum. McDonald (1981) uvedl také heterofermentativni L. buchneri jako tyCinkové
bakterie izolované ze silaze. TéZz Farrow et al. (1986), Dellaglio et al. (1986) a Sharpe

(1981) izolovali nebo popsali L. buchneri ze silaZe.

V roce 1996, Weinberg a Muck navrhoval, Ze L. buchneri by mél byt obsazen v silaznich
inokulantech. L. buchneri byl testovan v kukufi¢né silazi pro zlepSeni aerobni stability
fermentaci mlééné Kkyseliny na kyselinu octovou za piitomnosti kysliku (Muck,
nepublikované daje). Pfi tomto mechanismu, by byla jedna tfetina obsahu mlécné
kyseliny v suSiné spotfebovana a ztracena ve formé& C0,. Nicméng, malé ztrata 1 az 2 %
obsahu v susiné miize byt snadno kompenzovana. Mnohem vétsi ztraty zptsobuji aerobni
mikroorganismy. Dale popisuje, Ze rod izolovany z vojtésky byl aktivni v pozdnich fazich
zrani silaze. V ¢lanku od Cookea (1995), o praci Mucka, byl také popisovéan potencial L.

buchneri pro zabranéni ristu kvasinek a plisni.

Oude Elferink et al. (1999) navrhuje anaerobni degrada¢ni cestu kyseliny mlééné na
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kyselinu octovou a 1,2 propandiol pro L. buchneri (

Obrazek 1). Podobné také dva patenty vztahujici se k L buchneri a jeho pouziti pfi

zpracovani pice a pro zvySeni aerobni stability silazi (Mann a Spoelstra et. al, 1996;

Hendrick et al., 2000).

Obrazek 1 Anaerobni degradalni cesta mlééné kyseliny na kyselinu octovou a 1,2 propandiol
puisobenim L buchneri (Oude Elferink et al., 1999)
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fezanky, vylouhovani deStém, stupeil porueni rostliny) a rychlosti sbéru zavadlé hmoty
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napi. vybérem sklizeci fezacky. Rozsah téchto ztrat miZe byt maly, méné nez 1 nebo 2 %
susiny hmoty pfi jednodennim zavadani. Rozhodujici je prodlouzena doba zavadani a to

ma4 za nasledek znaénou ztratu suSiny, pii 8 dnech zavadani az 10 % (Woolford, 1984).

1.5.2. ZTRATA DYCHANIM

V silazni jamé pievlada aerobni mikrofléra i v ptipadé, Ze silo je zaviené a obsah kysliku
sniZzeny, dychani aerobnich mikroorganismi a rostlin vSak jeSté pokracuje. Tento proces
zahruje rozklad cukri na kysli¢nik uhli¢ity a vodu, toto vede ke ztratim dychanim, které
mohou pietrvavat aZ do velmi nizkého obsahu kysliku (Woolford, 1984). ZmenSeni ztrat
dychanim miZe byt dosaZeno rychlym naplnénim a okamzitym uzavienim sildZni jamy za

dodrzeni optimélni velikosti ¢astic silaZované hmoty (Buchgraber, 1998).

1.5.3. ZTRATY KVASENIM

Cast organické hmoty se ztrati v pocateéni fazi silazniho procesu dychanim rostlin, dale
béhem uskladnéni silaze. Ztraty dale vznikaji aktivitou mikroorganismi-vznikem
kysli¢niku uhli¢itého a dal§ich produkti fermentace (Knabe et al., 1986). Aktudlni ztraty
kvaSenim jsou ur¢ené dostupnymi Zivinami a odpovédnymi organismy (McDonald et al.,
1991). Hodnota ztrat kvaSenim pfi optimalni tvorbé kyseliny mlééné je velmi nizka a to
mezi 2 az 6 % suSiny. Diivodem pro vétsi ztraty jsou heterofermentativni bakterie —
produkce kysli¢niku uhli¢itého (Woolford, 1984). McDonald et al. (1991) na rozdil od
toho popisuje, ze pfi kvaseni kyseliny mlééné by byly energetické ztraty nulové, zatimco
ztraty suSiny se mohou pohybovat v rozsahu od 0 do 33 %. Pro homofermentativni
bakterie mlééného kvaSené kvaSeni jsou ztraty niz$i neZ pro heterofermentativni, které
mohou také tvorit kysliénik uhli¢ity v pfipadé, Ze jsou cukry fermentovany na kyselinu
mlé¢nou, kyselinu octovou, manit, vodu a energii. Hlavni ztraty vyplyvaji z ¢innosti
bakterii mlé&ného kvaSeni, clostridii, enterobacterii a kvasinek a je moZno je kvalifikovat

mnozstvim vyprodukovaného plynu.

Clostridie nebo enterobacteria ovliviiuji nejen negativné kvalitu silazi (naptiklad vytvareni
kyseliny maselné) ale také ztraty energie a suSiny, kterd jsou daleko vy$si nez v pfipadé
kvaSeni mléénych bakterii. Lakt6za nebo hexéza jsou kvaSeny s rozsahlou produkci
kysliéniku uhli¢itého a vodiku. Dal§i dekarboxylace a deaminace aminokyselin témito
bakteriemi pfispiva ke sniZeni kvality a mnoZstvi krmiva. Kvasinky pfimo podporuji vyssi
ztraty kvaSeni, kvaSenim za vzniku etanolu a tim spojenou tvorbu carbondioxidu

(McDonald et al., 1991).

12



Literarni piehled

1.5.4. ZTRATY ODTOKEM SILAZNICH STAV

vvvvvv

velmi mokré sklizné mohou byt ztraty suSiny odtokem silaznich §tav vyssi nez 10 %. Z
plodin s obsahem su$iny mezi 250 a 350 g/kg krmiva jsou ztraty odtokem silaZnich
minimalni. Také forma sildZniho sila mize piispét k vy$Sim ztratam, je pravdépodobné, ze
ve vysokych silaznich vézich bude vyssi tlak, ktery bude zvySovat odtok silaznich $tav
(McDonald et al., 1991). Davies et al. (1999) hodnotili vzijemny vztah suiny a odtoku
silaznich §t'av v pripadé travni silaze ve velkych kulatych balicich. Obsah suSiny pies 240
g/kg byl navrzen pro minimalizaci nebezpe¢i zne€iSténi povrchovych vod. Problém
zivotniho prostfedi v souvislosti s odtokem silaZnich §tav ze silazi byl diskutovan Kuntzel
(1991). Dalsi zptisob jak se vyhnout vy$Simu odtoku sildznich Stav ze silazni jamy je
zvyseni susiny silazované pice za¢lenénim suchého materialu do sklizeného materidlu. Pro

tento ucel mohou byt pouzité riizné obilné Sroty nebo slama (Woolford, 1984).

1.5.5. OXIDACNI ZTRATY

Tento druh ztrat je zpusoben kyslikem, ktery ziistane ,,uv&znény" v sildZované hmoté
béhem plnéni sila. ProdlouZeni oxidace rostlin vede k vytvofeni nepozivatelného odpadu,

vznikajicim aktivitou aerobni bakterii, kvasinek a plisni (McDonald et al.; 1991).

1.6. ZkaZeni sildZe za pFistupu vzduchu

V minulosti byly startérové kultury vyvijeny podle vySe uvedenych 10 kriténi. Prece vSak
se stale Castéji objevoval naléhavy pozadavek na vy$$i aerobni stabilitu sildZe, protoze
ztraty vznikajici disledkem aerobni nestability krmiva jsou velmi vysoké a napiiklad u
kukufi¢nych silazi mohou dosahovat az 30 % silazované hmoty. O'Kiely popsal 3 hlavni

faktory ovliviiujici aerobni zkaZeni po otevieni sila, které jsou:
1) management odbéru silaze,
2) pocasi
3) charakteristika silaze

Aerobni proces zkazeni vznikne aktivitou aerobnich mikroorganismi. Faktory, které piimo
ovlivni vyvoj takovych organismu jako je vzduch, Ziviny a teplota jsou dilezité pro

aerobni stabilitu silaze (Woolford, 1984).

Aecrobni zkazeni silaze je charakterizované rychlym zvySenim poctu kvasinek a plisni,
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flory, ktera fermentuje mléénou kyseliny a tékavé kyseliny, ma za nasledek zvyseni teploty
a pH (Moon et al., 1980). Po ukonceni fermentace je silo otevieno, silaz je vystavena
aerobnim podminkam, které podporuji jeji zkaZeni (Ohyama et al. 1975). Indikatory pro
tento proces zkazeni jsou rostouci teplota a pH, ztraty suSiny, sniZeni stravitelnosti Zivin,
rust plisné na povrchu a krmivo je odmitano zviraty. Weinberg et al. (1993) zkoumal
nékolik homofermentativnich bakterii mlééného kvaSeni pro jejich vyuZiti k podpore
aerobni stability v sildZnim inokulantu. Takto inokulované silaze inklinovaly ke zkazeni
dokonce rychleji nez kontrolni silaz. Vysoky obsah zbytkovych vodorozpustnych cukri a
mlééné kyseliny soucasné s nedostatkem tékavych mastnych kyselin je spojen se zkaZzenim

za piistupu vzduchu. Aerobni zkaza byla pfipsana hlavné vysoké aktivité kvasinek.

1.6.1. MIKROORGANISMY PRISPIVAJICI KE ZKAZENI ZA
PRISTUPU VZDUCHU

Kvasinky hraji hlavni roli ve aerobni zkaze silaZze. McDonald et al. (1991) popisuje dva
typy kvasinek, prvni — zijici na zemi, které radéji kvasi sacharidy (Torulopsis) a druhou —
kapacitou pro mlé¢nou kyselinu z druhi Hansula, Pichia, Candida a Saccharomyces.
Béhem silaZzovani a nasledujiciho aerobniho vyvoje flory byly kvasinky zkoumané
Middelhovenem a Baalenem (1988) v silazi z celé rostliny kukufice. Cerstvy rostlinny
materidl infikovali n&kolika druhy kvasinek v mnozstvi az 10°.g" hmoty. N&kolik rodi
Candida ingeniosa, Cryptococcus laurentii, Sporobolomyces roseus a Sporidiobolus
salmonicolor bylo izolovano autory z kukufi¢né rostliny. Tyto rody nesnaSeji nebo
nedovedou vyuzit kyselinu octovou pii pH 4,0 na rozdil od mlééné kyseliny nebo etanolu
ktery je vyuZit mnoha druhy. Po 2 dnech fermentace se Uplné zménilo spektrum
izolovanych kvasinek. Nyni nasli druhy jako Candida holmii a C. milleri. Tento vysledek
vysvétluji tim, Ze béhem kva3eni pocet prevladajicich kvasinek dosdhne maxima po asi 2
az 14 dnech a jejich pocty jsou nasledné po 4 mésicich stonasobné redukovany v disledku
nepfiznivych Zivotnich podminek. Vyznamnéjsi tlohu v aerobni zkaze hraje vedle C.
holmii také C. milleri a C. lambica. V diplomové praci Hilla (1989) je popsana zkaza zrna
obilnin s vysokym obsahem vlhkosti. V prvé fadé byla zptisobena plisnémi, které se mnozi
1 v anaerobnich uskladiiovacich podminkach v silech. Druhy Candida guillermondii,
Candida pelliculosa, Hansemula anomala, Penicillium spp. a Aspergillus spp. jsou

vzpominany mezi témi plisnémi, které je casto odpovédné za zkazeni silaze z celého zrna.
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Neékteré plisné izolované z plesnivych silazi byly identifikovany Nout et al. (1993).
Nejcastéji byly nalezeny druhy Penicillium roqueforti, Mucor spp., Neurospora spp.,
Aspergillus fumigatus a Geotrichum candidum. Z nékolika vzorkl kukufiéné silaze, které
byly zamoieny P. roqueforti, autoii nemohli zjistit pfitomnost jeho nejvice toxického
metabolitu PR-toxinu, ale konstatovali pravdépodobny velmi tésny vztah k tvorbé tohoto
toxinu. 4. fumigatus mize produkovat v €istych kulturach riznorodé mykotoxiny véetné
fumigaclavines, fumitoxins, fumitremorgens, gliotoxin a verruculogen. McDonald (1981)
popisuje, Ze podminky spojené s dobife zakonzervovanou silazi, to je nizké pH a anaerobni
prostiedi, jsou nepfiznivé pro rust plisni. Proto jsou plisné obecné vice béZné na oblastech

silaze, jako jsou boky a povrch, které jsou vystaveny pfistupu vzduchu.

V nékolika publikacich se hovofi o tom, Ze pfi hodnoceni vlivii na aerobni zkazu silaze
musi byt brany do uvahy také bakterie. Jak uvadi (Woolford, 1984 a 1990) jsou bakterie
octového kvaSeni odpovédné za aerobni zkaZeni v kukufi¢né silazi a v dalSich druzich
silazi s vyjimkou travnich.

Primarni faktor pro ur€eni aerobni stability silaZze je spektrum a mnozstvi organickych
kyselin, které obsahuje. SilaZ s nizkou kvalitou ale s velkym mnoZstvim tékavych
mastnych kyselin, bude na vzduchu stabilni, zatimco vysoce kvalitni silaz nikoli. S touto
situaci se Casto setkavaji vyrobci silazi. Nastésti neni toto pravidlo jednoznac¢né, a nékdy
spravné konzervovana silaz zlstane stabilni na vzduchu, z divodi které jsou vSak aktualné
neznamé. Napiiklad, O'Kiely (1989) soudi, Ze tuto stabilitu miiZzeme pfipsat malym

mnozstvim neidentifikovanych chemickych slou€enin tvofenych uvnitf silaze.

Pro tyto pfipady bylo navrZzeno nékolik matematickych modeli (Muck a O'Kiely 1992;
Courtin a Spoelstra; Ruxton a Gibson 1993) pro piedpoklad aerobni stability silaze.

1.6.2. ZPUSOBY MERENI AEROBNI STABILITY

1.6.2.1. M¢éreni teploty

Jsou pouzivany rizné zpusoby pro urCovani nachylnosti silaZe ke zkaZeni. NejbéZné;si
metoda je méfeni zvySeni teplot zptisobené mikrobidlni aktivitou mikroorganismii podle
Honiga (1990). Celkovy teplotni vykon produkovany aerobnimi dychajicimi organismy je
nejlepsi indikace aerobni zkazy. Aerobni stabilita miZze byt stanovena méfenim casu, ve
kterém vySetfovana silaZ dosahla urcité stalé zvySeni teploty nad okolni teplotou. Pro
dosaZzeni spravnych hodnot jsou méfené vzorky udrZzovany v izolovanych, tepelné

neprostupnych polystyrénovych boxech.
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1.6.2.2. Méreni produkce C02

Dalsi i¢innou metodou pro ur¢eni aerobni stability je méfeni produkce CO,. Toto se mizZe
provadét na presnych laboratornich vahach, zachycovanim CO; v hydroxidu sodném s
naslednou titraci kyselinou solnou na konci experimentu (Crawshaw et al., 1980; Ashbell,

1991; Weinberg et al., 1993).
1.7. Konzervalni latky vytvarené v silaZi

Velmi dobry prehled o antibakterialnich substancich produkovanych bakteriemi mlé¢ného
kvaSeni v silazich byl publikovan Lindgrenem a Clevstromem (1978a a b). Dalsi praci k
tématu antimikrobialni substance produkované bakteriemi mlééného kvaSeni pro pouZiti

jako ochrannych prostiedki pii vyrobé potravin je prace Daeschela (1989).

1.7:1. BACTERIOCINY

Cantillon et al. (1995) napsal, ze bakterie mlééného kvaseni mohou vytvorit nékteré latky s
antimikrobialnimi efekty - dal§i organické kyseliny, diacetyl, peroxid vodiku a

bacteriociny.

Posledné zminéna latka predstavuje skupinu bilkovinnych sloucenin, ktera ptisobi proti
fadé, obvykle grampozitivnich bakterii. Z potravin a rostlin jsou izolovany bakterie
mlécného kvaSeni, které produkuji inhibitory proti patogenni bakteriim a bakteriim
zpusobujicim zkazu potravin nebo silazi (Pseudomonas, Listeria, Clostridia, Bacillus a S.

aureus). Tyto inhibitory jsou hlavné proteiny, produkované bakteriemi — bacteriociny.

Bacteriociny, jsou proteiny s aktivitou zabijejici bakterie jinych podruhii ze stejnych druhi.
Dobfe znamy je nisin, protein produkovany bakteriemi Lactococcus lactis subsp. lactis.
Dal3i bacteriocin produkovany Lactobacilli razy véetné diplococcin, lacticin, lactococcina,
lantaricina, pediocina nebo lactostrepticina (De Vuyst a Vandamme, 1994; Gonzalez et

al., 1994; Kelly et al., 1996; Jimenez Diaz et al. 1993; Piard a Desmazeaud, 1991b).

Filipoppov (1978) popsal také, Ze pouzival bacteriocin z L. buchneri pro typizace

bacteriocinu.

Barford et al. (1995) izoloval rizné druhy ze silaze k testu na produkci bacteriocinu a

citlivost.

Mezi témito byl také uveden L. buchneri.
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Nicméné, nejvice bacteriocinu plsobi pouze proti blizce piibuznému druhu
(Klaenhammer, 1988), nékteré z nich jsou spojeny s kaZenim potravin a nemocemi ze
zkazenych potravin (Hurst, 1981; Lindgren, 1990). Goulhen et al. (1999) prokazal, Ze
nékteré bacteriociny také sniZzovaly aktivitu patogennich a nezadoucich bakterii jako

Listeria, Staphylococcus a rody Clostridium.

Fenlon et al. (1993) popsal pouziti bacterocinu vytvafeného bakteriemi mlééného kvaseni
(Pediococcus acidilacti) v silazi kontaminované listeriemi. Callewaert et al. (1996) pise o
pouziti bacteriocinii jak biologické ochrany technologickych postupi vyroby potravin a
krmiv ve formé in vitro a in sito. Produkci bacteriocinu je mozné stimulovat podminkami
zivotniho prostfedi bunék, napiiklad miize byt navozena nepfiznivymi ristovymi

podminkami, takzvané priCiny stresu.

Lindgren a Clevstrom (1978b) popisuje také antibakteridlni aktivitu bakterii mlé¢ného
kvaseni v rostlinnych silazich, indonéskych kvasenych jidlech a inokulantech. Izolovali ze
silazi a indonéskych kvaSenych jidel baktericidni makromolekuly se $ir§im rozsahem

aktivity nez je obvykle udavana pro bacteriociny.

1.7.2. ORGANICKE KYSELINY

Lindgren a Dobrogosz (1990), Piard a Desmazeaud (1991a) potvrdili, Ze kyselina octova je
vice inhibi¢ni nez kyselina mléénd, zvlasté proti kvasinkam a plisnim. Rooke (1991)
napsal, Ze zvlasté heterofermentativni bakterie mlééného kvaSeni jsou odpovédné za
fermentaci kyseliny mlé¢né na kyselinu octové a dalsi substraty. To znamena, Ze se timto
procesem zvét§i antimikrobidlni potencial v silazi. Bucher (1970) popisuje, Ze silaze s pH
mezi 4,0-4,5 a obsahem vice nez 0,7 % kyseliny octové nebo 0,2 — 0,3 % Kkyseliny
maselné, byly stabilni za ptistupu vzduchu. Také niz§i hodnoty kyseliny maselné (0,1 %) v
kombinaci s kyselinou octovou (0,4 %) vedou k aerobné stabilni silazi. Vzorky krmiva,
které mélo nejvyssi hodnotu acetatu (1,09 % v pH 4,42) bylo v sile stabilni i pfi ockovani
kvasinkami. Pocet pfidanych kvasinek citlivych na acetit klesal v 2 — 6 dekadach
pusobenim toxickému uc¢inku kyseliny octové. Piidanim kyseliny octové (1,05 %) k
nestabilni silazi (neobsahovala témér zadny acetat a butyrat) byla dosazena dobra stabilita
této silaze.

1.73, FUNKCE KYSELINY OCTOVE V SILAZI

O'Kiely (1989) popisuje, Ze dobie zfermentované silaZe s vysokou urovni
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homofermentativniho kvaseni jsou vice nachylné k aerobnimu zkaZeni, nez silaZe které
prosly Spatnym procesem fermentace. Pozornost si zasluhuje to, Ze Spatné konzervované
silaze, na kterych demonstroval své nélezy, obsahovaly vy$si mnozstvi kyseliny octové.
Podobné vysledky ziskal Lisker et al. (1987). Relativni stabilité silaZe pfispélo vysoké

mnoZstvi kyseliny octové (ale ne kyseliny maselné) a nizké pH.

1.74. KYSLICNIK UHLICITY

Nekonzistentni vliv kysli¢niku uhli¢itého na pocty kvasinek konstatuje Muck et al. (1992).
Zmény v populaci bakterii mlééného kvaSeni, bakterii octového kvaSeni, enterobacterii,
spor Bacillus a plisni jsou jen mirné ovliviiovany urovni kysli¢niku uhli¢itého. Také
Bucher (1970) piSe, ze po dvou az péti dnech fermentace je 50 % plynu v silaZi tvofeno
C0,. Také to nazyva ,konzervace kyslicnikem uhli¢itym", ktera stimuluje ¢innost bakterii

mlécéného kvaseni.
1.7.5. PEROXID VODIKU

H,0, miiZe byt tvofen bakteriemi mlééného kvaseni v pritomnosti kysliku b&hem ¢innosti
flavoproteinych oxidaz nebo NADH peroxidaz (Lindgren a Dobrogosz, 1990; De Vuyst a
Vandamme, 1994). Kone¢né produkty jsou pozménéné, acetat je obvykle vyznamnéjsi
kone¢ny produkt nalezeny za téchto podminek. Aerobni riist bakterii mlééného kvaSeni tak
vede k utvafeni tfi hlavnich derivati z kysliku: H,O,, 0,a OH', které jsou vektory z
Htoxicity kysliku". Jsou rozezndvany dva typy mechanismu jejich pisobeni, jeden je

bakteriostaticky Gc¢inek a druhy baktericidni (Piard a Desmazeaud, 1991a).

1.7.6. DIACETYL

Tato latka je produkovadna vSemi druhy bakterii mlééného kvaseni, vetné lactobacill
(Kandler 1983). Jeho antimikrobialni aktivita byla popisovana Jay (1982). Psal, Ze je
efektivn€j§i proti gramnegativnim bakteriim, kvasinkim a plisnim neZz proti
grampozitivnim bakteriim. Navrhl jeho vyuziti ve vyrobnich postupech pfi vyrobé potravin
a v zemédélstvi, jako asepticky prostiedek pro povrchy a pracovni pomiicky. MnozZstvi
diacetylu produkovaného L. diacetylactis je velmi malé, proto je mala Sance Ze pfi
mlécnych fermentacich je pouze jeho ptisobeni baktericidni, ale miZe pracovat synergicky

s ostatnimi faktory (Gilliland, 1985).
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| S REUTERIN

Pozorovani L reuteri ukazuji, Ze tento kmen se zda byt unikatni ve svych metabolickych
schopnostech. (Talarico et al. 1988) udava, Ze L. reuteri vytvaii latku se Sirokym
antimikrobidlnim spektrem a latka oznaéil jako reuterin. Tato latka byla indetifikovana
jako vyrovnana smés hydratovanych monomernich a cyklickych dimerickych forem pB-
hydroxypropionaldehydu (Talarico a Dobrogosz, 1989). Vznikd b&hem anaerobniho
metabolismu glycerinu. Na rozdil od L brevis a L buchneri, L. reuteri ma dva koenzymy
Bi>-dependent dehydratases, kazdy s riznymi pfibuznymi rysy pro koenzym B,; (Talarico
a Dobrogosz, 1990). 1 kdyz L. reuteri je také schopny dale redukovat 3-
hydroxypropionaldehyde na 1,3 propandiol, bylo pozorovano, Ze tento rod mize hromadit
a produkovat 3-hydroxypropionaldehyd. Reuterin miize pilsobit jako inhibitor pro
gramnegativni a grampozitivni bakterie, kvasinky, houby a protozoa, a proto je navrhovan
jako prirozena ochrana potravin (De Vuyst a Vandamme, 1994; Lindgren a Dobrogosz,

1990).

§ By ACETALDEHYD

Tvorba acetaldehydu probiha v nékterych mléénych vyrobeich a vyznamné v jogurtu, kde
aktivitou heterofermentativnich bakterii mlé¢ného kvaseni. Mnozstvi 10-100 ppm dokéze
potlacit neékteré patogeny (E. coli, Salmonela typhimurium, S. aureus). Tyto udaje byly
srovnavany s urovni 25 ppm vzniklého v jogurtu (De Vuyst a Vandamme, 1994; Piard a

Desmazeaud, 1991 a).

1.7.8. 2,3-BUTANDIOL

Muck a O'Kiely (1992) udava v nestabilnich silazich niz§i mnozstvi 2,3-butandiolu nez v
jinych silazich. Tato substance miize byt produkovadna rlznymi mikroorganismy:
bakteriemi mlé¢ného kvaSeni, enterobacteriemi, a bacily (McDonald, 1981). Dale uvedl, Ze
faktory pusobici aerobni stabilitu mohou byt produkovany mikroorganismy béhem procesu

fermetace.

1.7.10. FUNGICIDNI LATKY

De Vuyst a Vandamme (1994) popisuji riizné fungicidni latky produkované bakteriemi
mlééného kvaseni. Také patent Vandenbergha a Kunka (1989) zahrnuje fungicidni produkt

z druhti Pediococcus. Uvadény vyrobek je smés obsahujici valin a kyselinu mlé¢nou a ma
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molekularni hmotnost mensi nez 500 daltond. Produkt je zvlasté uziteCny pfi zpomaleni
ristu plisni v potravinich a dalich materidlech. Rees (1997) psal svou dizertaéni praci ve
spolupraci s firmou Ecosyl Products Ltd. na vyvoji nového silazniho fungicidu. Ve své

praci vyuzival zejména L. plantarum.

Haikara et al. (1994a a b) zkoumali L. plantarum VTT — E-78076 ktery produkuje latku
aktivni proti Fusarium sp. Niku Paavola (1996) charakterizoval nékteré latky produkované
L plantarum VTT - E - 78076, které byly aktivni proti Fusaruim avenacerum a bakteriim
Pantoea agglomerans (kyselina benzoova, cyclo(glycyl L-leucyl), methylhydantoin a

mevalonolaceton).

1.7.11. INHIBICNI BILKOVINY

Tyto proteiny, tvotené naptiklad L acidophilus ukazaly velmi $iroké spektrum aktivity,
ovliviiujici také gramnegativni druhy a nejsou opravdovym bacteriocinem, ale spiSe

antibiotickym peptidem (Axelsson, 1990; De Vuyst a Vandamme, 1994).

1.8. Kvalita silaZe

Biochemické zmény béhem sildZovani jsou nasledek ¢innosti mikroorganismi schopnych
anaerobniho ristu, jako bakterie mlé¢ného kvaseni, enterobacteria, clostridia, Bacillus spp.
a kvasinky. Cim je niz§i susina silazované pice, tim vice rozsahla je otekavana fermentace.
Zmény vyskytujici se béhem fermentacniho procesu, které zptisobuji bakterie mlééného
kvaSeni, jsou nejdilezitéjsi pro ovlivnéni kvality kone¢ného produktu (Henderson, 1991).
Podle nékterych kritérii je mozno urcit kvalitu silaze. Weissbach a Honig (1992) vytvorili
systém hodnoceni kvality silaze 100 bodovym systémem. Také v Rakousku je pouzivano
hodnoceni silazi prevzaté od DLG (Deutsche Landwirtschaftliche Gesellschaft). Systém
DLG je pouzivan pro hodnoceni kvality celé pice a silazi (travni, luskovinové, GPS a

kukufice, cukrovarské rizky).
Faktory, které jsou zahrnuty do systému hodnoceni:

1.8.1.  pH VE VZTAHU K SUSINE

To je dllezita hodnota pro okyseleni silaze (Gross a Riebe, 1974). Ve spravné zkvaSené
silazi, bude mit produkce mlé¢né kyseliny za nasledek pH 4. Tato hodnota je postadujici
pro tlumeni vétSiny nepfijatelnych a potencidlné nebezpecnych organismi pii soucasném

dodrZeni anaerobni prostiedi. Je mozno rozeznavat mezi dvéma mechanismy potlaceni
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rlstu pii snizovani pH. V ur¢itém sméru je to pfimy ucinek vodikovych iontti ale hlavni je,
pro silné snizeni metabolické aktivity nezadouci mikroflory, aktivni toxicky ucinek
organickych kyselin (Rees, 1997). Ve schématu hodnoceni kvality je tento faktor hodnocen
25 body. Omezujici podminkou pro intenzitu kvaSeni je obsah su$iny, proto je pro

hodnoceni hodnoty pH bran sou¢asné do tivahy 1 obsah suSiny silaze.

1.8.2. CPAVKOVY DUSIK

Hodnota amoniakalni dusiku nad 10 % z celkového mnoZstvi dusiku ma za nasledek
sniZzeni bodli v hodnoceni kvality. Celkovy pocet bodii pro tento parametr je 25. MnoZstvi
¢pavkového dusiku, pokud se tyka TKN (celkovy Kjeldahl dusik) dava informaci o stupni
degradace bilkovin deaminaci ¢innosti mikroorganismi  jako clostridia a
heterofermentativni bakterie mlééného kvaSeni. Z toho diivodu jsou nejvy$si hodnoty
amoniakalniho dusiku obvykle spojeny se zvySenym pH, vy$8im obsahem kyseliny
maselné a pripadné s vy38im obsahem kyseliny octové. Gross a Riebe (1974) popsal vliv
obsahu suSiny na tvorbu amoniakalniho dusiku. Sussi plodiny mély za nasledek nizsi
degradaci bilkovin, a proto také niZ$i mnoZstvi z amoniakalniho N. Popsali také, Ze tvorba
¢pavkového N vede k energetické ztraté v silazi a mlze dochazet k tvorbé latek, které
zpusobuji poruchy traveni zvifat nebo maji dokonce toxické ucinky. Hodnota ¢pavkového
dusiku pro dobie konzervované silaZe by se méla pohybovat okolo 5 % z celkového
obsahu N, v silazich, kde se kvasny proces tzv. ,,zvrhl" miZe dosahovat az 30 % (Holzer,

2003)

1.8.3. KYSELINA MASELNA

Obsah kyseliny maselné je hodnocen 50 body, z toho vyplyva, Ze ma velky vliv na celkové
hodnoceni kvality. Nizky pfijem suSiny muize souviset se ztratou chutnosti, ktera mize byt
zpusobena hromadénim konecnych produkti z fermentaéniho metabolismu. Prili§ vysoké
hodnoty mlé¢né piipadné octové kyseliny snizuji piijem krmiva. Kyselina maselna mize

zpusobit podobné efekty (Lindgren, 1991).

1.8.4. KYSELINA OCTOVA

V roce 1997 byly v tomto parametru provedeny korekce z DLG systému hodnoceni
(Weisbach a Honig, 1997). Byly zde zohlednény nové poznatky upiesiujici vyznam
obsahu kyseliny octové pro kvalitu silaZe. Hodnota nad 3,5 % v su$iné ma za nasledek

vyhodnoceni se zapornymi body. Vysoké hodnoty jsou povazovany za diivod pro sniZeni
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spontanniho piijmu susiny krmiva zvifaty. Celkové hodnoceni je dino souctem bodi za
vSech faktorii uvedenych vyse. Dile je mozno na zdkladé smyslové posouzeni udélit dalsi

zaporné body.
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2. Cile

Problém zahtivani silaze je stale aktualni diskutovanou otazkou. Velkou ulohu ma v této
problematice management vyroby silaZzi a v neposledni fadé ovlivnéni fermentace silaze
pouzitim vhodného silaZniho inokulantu. Proto vystupuje stile vice do popiedi vybér

silaznich inokulanta.

V minulosti byly hlavni cile produkovat sildze s nizkymi obsah kyseliny maselné a
kyseliny octové pro zajisténi dobré kvality. K tomu byly pouzivany rizné systémy
hodnoceni kvality sildzi napt. CSN 467092, nebo systém hodnoceni DLG. Nizky nebo
zadny obsah té€chto kyselin byl odvozovan podle piijmu su$iny krmiva zvifaty a
predpokladalo se, Ze dobfe konzervované krmivo musi vykazovat pouze
homofermentativni spektrum bakterii mlééného kvaSeni. Je znamo, Ze kyselina octova a
kyselina maselna pfispivaji lepsi aerobni stabilité, silaze jsou nasledné méné nachylné k
zkédze v aerobnich podminkach. Nicméné je nutné se vyhnout tvorbé kyseliné maselné v
silazi. Proto jsou vybirany heterofermentativni bakterie mlééného kvaSeni aby pfinesly
jistou uroven Kyseliny octové soucasné s tvorbou mlééné kyseliny. Kombinace obou
kyselin ma prokazatelné synergicky ucinek v inhibici mikroorganismi zpusobujicich
zkézu.

Cilem této prace bylo ovéfit ucinnost biologickych inokulanti, slozenych z homo-a
heterofermentativnich kment bakterii mlééného kvaseni, na aerobni stabilitu kukufi¢nych

silazi.
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3. Material a metodika

3.1. SILAZNI INOKULANT

Pro potfeby experimentu byl pouzit silazni inokulant BONSILAGE MAIS (vyrobce
Lactosan Starterkulturen, Kapfenberg, Rakousko). Slozeni inokulantu je podle tudajt
vyrobce Lactobacilus plantarum DSM 12836, Pediococcus pentosaceus DSM 12834,
Lactobacillus buchneri DSM 12856. Byla pouzita jak forma granulatova, tak i

vodorozpustna.

Jelikoz mi byla panem Dr. Walterem Kramerem pii zadani tématu mé diserta¢né prace
nabidnuta Gc¢ast na nékterych experimentech, které firma Lactosan Starterkulturen
provadéla pfi testovani u¢inku konzervantu Bonsilage Mais, uvadim zde ty experimenty,
kterych jsem se ucastnil v ramci mych stazi ve vyvojovém zatizeni firmy SCHAUMANN

Lactosan, nebo pii zpracovavani vysledki z téchto pokusi.

3.2. Pokus 1 IFA Tuln

3.2.1. Charakteristika vychoziho materialu

Cela plodina kukufice byla sklizend na farmé v Dolnim Rakousku tazenou fezackou na
kukufici, pro zkusebni laboratof. Hmota byla pomémé sucha s obsahem susiny 46.0 g/100
g krmiva. Hodnota pH pice pred silazovanim bylo pH 5,6. Efekt Bonsilage Mais byl

sledovan podle zde uvedenych podminek

322 Proces silaZzovani

Cela plodina kukufice pouzita v tomto experimentu byla ze standardniho silaZzniho porostu
na farmé v Dolnim Rakousku. Rezanka celé kukufice byla odebrana pro pokus do
laboratote. SildZni pokus byl uskute¢nén v IFA — Tulln v oddéleni Environmental

Biotechnology. Prvni byla sildZovana neoSetfena kontrola.

Bonsilage Mais granulat byl aplikovan podle doporuceni vyrobce (0,25 kg na t Cerstvé
hmoty). Poté byla oSetfena pice naplnéna do PVC véder s kapacitou 6,5 litrii. K tomu, aby
mozno vzduchotésné uzavfit laboratorni sila byl do véder vlozen plastikovy sacek. Pro
dostate¢né stlaceni fezanky kukufice byl pouzit tlak 8 baru. Po naplnéni védra byl

plastikovy sacek tésné uzavien. Nakonec bylo védro uzavieno vickem. Pro kaZdy kontrolni
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den (11, 25, 70 a 99) byla védra piipravena dvojmo, kontrola a oSetfena silaz.

323, Chemicky rozbor

Obsah cukrii a mnozstvi organickych kyselin byl stanoven z vodniho extraktu silaze (1:5)
HPLC (HP 1100, Mercky sloupci Polyspher OA KC a RI detektor -HP 1047). Obsah NH;
z celkového N byl stanoven destilaci (Vapodest Gerhardt). Susina byla uréena vahovym
rozdilem po 24 h suleni pfi 105°C. Pro stanoveni pH vzorki byla silazni pice
homogenizovana, 20 g tohoto materialu bylo smichano s 80 ml destilované vody. Méteni

bylo dokon¢ené po 30 minutach.

3.24. Aerobni stabilita

Stanoveni aerobni stability bylo podle metody Honig (1986). Principem je urcit teplotni
zvySeni vzorku silaze vystavené vlivu ovzdusi. Pro toto méfeni jsou vzorky umistény do

izolovanych nadob se snimacem teplot.

Teplotni data jsou zaznamenéna registraéni jednotkou v ¢asové ose. Cas dokud se teplota

vzorki nezvysi o 2°C nad pokojovou teplotou je definovany jako aerobni stabilita.

3.3. Pokus 2 Aulendorf

3:.3.1, Charakteristika vychoziho materialu

Rezanka z celé kukufice, 33,7% susiny, dalsi parametry jsou uvedeny v tabulce (Tabulka
3.1).

Tabulka 3.1 Vysledky analyzy vychoziho seridlu pro silaZovdni:

- suSina| NL |Vlaknina| Popel NEL WSC | BC s/BC | FO* Skrob | Elos T
% | %sus. | % sud. | % sus. [MJ/kg sus. | %sus. |g LA %sus.| %
313373 | %12 | 2117 6,48 5,07 | 1,90 | 2,67 | 55,08 | 34,19 | 71,12

LA ... kyselina mlécna; BC ... pufrovaci kapacita, S ... obsah cukru; DM ... susina, *FC (fermentacni kapacita) = DM +
8x 8§/BC; FC > 45 ... lehce fermentovatelny substrat

3.3.2. Postup pokusu

Silaz v experimentalnich silech s kapacitou 120 1, 4 opakovani, doba uskladnéni 120 dni,
sila oteviena po 99 dnech. Stanoveni stravitelnosti in vivo (podle metodiky DLG pro
testovani efektu pfisad silaZe na stravitelnosti. Test proveden se 4 skopci plemeno merino.

Pripravné obdobi 11 dni, testovaci obdobi 10 dn.
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3.3.3. Krmna davka zvirat

Krmnena byla pouze zichovna davka ve sloZeni 3000 g su$iny z kukufi¢né silaze a 20 g

mocoviny na zvire a den. Krmeni a sbér vykalt bylo provadéno dvakrat za den.

3.4. Pokus 3 Landwirtschaftszentrum Haus Riswick
34.1. Charakteristika vychoziho materialu

Rezanka z celé rostliny kukufice, odriida Romano, sklizeno pii 60% susiny zrna, dalsi

parametry jsou uvedeny v tabulce (Tabulka 3.2).

Tabulka 3.2 Vysledky rozborii Fezanky sildini kukufice:

Hodnota Kontrola |Bonsilage Mais
Su$ina gkg 330 325
Popel gkg 39 36
Dusikaté latky gkg 66 75
Vliknina (XF) gkg 193 198
Skrob gkg 249 232

Pocet bakterii mlé¢ného kvageni LAB) CFU/g 2.000.000.000| 2.400.000.000
Nitraty mg/kg <5 <5
Kvasinky spotfebovivajici kys. mléénou CFU/g < 1000 < 1000
Pufrovaci kapacita (BC) g kys. mlécné/kg 28 27

3.4.2. Postup pokusu

Silaz v pokusnych silech (barely s kapacitou 90 kg) ve ¢tyfech opakovanich. Doba
uskladnéni 125 dnt.

Stanoveni stravitelnosti in vivo podle metodiky DLG pro testovani efektu silaznich
inokulantii na stravitelnost zZivin.

Test s 5 skopci. Piipravné obdobi 14 dni, testovaci obdobi 7 dnti.
3.4.3. Krmna davka zvirat

Krmena pouze zichovna davka ve slozeni 2600 g suSiny kukuficné silaze a 150 g

extrahovaného sojového $rotu na zvife a den, pridavek specialniho mineralniho krmiva
Millaphos Z.
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3.5. Pokus 4 Aulendorf 11

381, Charakteristika vychoziho materialu

Silazni kukufice s 33,7 % suSiny celé rostliny, velmi dobry koeficient zkvasitelnosti VK >
45 (Tabulka 3.3). Parametry zakladnich Zivin jakoZ i obsah $krobu a stravitelnost (ElosT)

se pohybovala v dobé sklizné v typickém ramci pro silazni kukufici.

Tabulka 3.3 Charakteristické vilastnosti krmné hodnoty a koeficient zkvasitenosti sildini

kukurice

Susina |NL Vldknina|Popel |NEL Wik PK Skrob |ElosT
n K Z/PK |VK*

% % sus. |% su. [%sus. [MVkgTM  lof qus. |gMS % sui. |%
3 135,75 |7,12 21,17 3,64 6,48 5,07 1,90 2,67 |55,08|34,19 |71,21

¥ VK = TM + 8 x Z/PK, ElosT (enzymidsliche organische Substanz in der Trockenmasse) enzymaticky rozpusiné
organické latky ze susiny

3.5.2. Postup pokusu

Silazni kukufice byla prostfednictvim tazené fezacky (2 radkové) sklizena a potom v dobfe
vy¢isténém michacim krmném voze smichana a ulozena na dvé hromady po 400 kilech na

silazni plachtu pod stiechu.

Nasledovalo rozprostieni silazované hmoty na plachtu a pokropeni polovinou potiebné
davky silazniho prostfedku. Potom bylo provedeno diikladné promichani, znovu
rozprostieni a aplikace druhé poloviny davky silaZniho prostredku.

Po dikladném zamichani byly naplnény ¢tyfi sudy z umélé hmoty s kapacitou 120 litri,
poté hermeticky uzavieny a pii teploté okolniho prostredi uskladnény.

Sudy byly zpocatku tydné, potom mésiéné vazeny.

Pii vyskladnéni po 120 dnech bylo ze sudli prostfednictvim vzorkovace (vrtanim)
odebrany vzorky pro rozbory (krmna hodnota, kvalita silaZniho procesu, aerobni stabilita).

Po odebrani vzorku byly jednotlivé sudy na navrtanych mistech bezprostiedné doplnény
CO; a opét neprody$né uzavieny. Sudy byly pii odbéru vzorki asi 10 mint otevieny.

Pro hodnoceni stavitelnosti byly pouzity tfi sudy. SilaZ byla navazena podle potiebného

mnozstvi, zabalena a zmrazena. Postupné byly zkrmovany jednotlivé davky.

Stanoveni aerobni stability probihalo nejméné 10 dnii pomoci pravidelného méfeni teploty

(Temperaturlogger 175- 3, Fa. Testo) podle metody HONIG (1986). Silaz byla ze sudi
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premisténa do méficich nadob s teplotnimi sondami.

3.5.3. Stanoveni hodnot

Stanoveni suSiny piuvodni hmoty podle metodiky VDLUFA, u sildZze korektura podle
WEISSBACH (1994).

Obsah energie: vypocet ze stanovenych Zivin

Vodorozpustné cukry metoda VDLUFA

Pufracni kapacita: WEISSBACH 1992 (g kyseliny mlééné do pH 4,0)
Skrob a ElosT pomoci NIRS.

Kvasné kyseliny prostiednictvim HPLC podle SIEGFRIED et al. 1984

Stravitelnost podle DLG metodiky pro stanoveni efekti silaZniho prostiedku na
stravitelnost silaZe, a podle ,,Urceni stravitelnosti Zivin pro piezvykavce, J. Anim. Physiol.

a. Anim. Nutr. 65: 229- 234 (1991).

3.5.3.1. Pokusna zvirata:

4 skopci, denni davka 3000 g su$iny kukufiéné silaZze a 20 g mocovina na zvife a den.
Pripravné obdobi 11 dnti, testovaci obdobi 10 dnt. Krmeni dvakrat denné, sbér vykali
také.

Aerobni stabilita: na zakladé HONIG (1986).

3.53.2. Vypocet kvasnych ztrat:

Pti pravidelném vazeni zjisténé, absolutni ztraty byly pfepocteny podle nasledujici rovnice

v relativnich ztratach kvaSenim:

ztrata absolutni (g krmiva) x faktor 1,41 "
homtnost pii naskladnéai (g krmiva)

Kvasné ztraty (%) = 100

Zvazené absolutnich ztraty byly nasobeny faktorem 1,41, coz odpovida anaerobni kvasné

formy 1 g CO, ztraté 1,41 g cukri (Gross a Riebe, 1974).

3.5.3.3. Statistické vypocty

Statistické hodnoceni vysledky bylo provedeno pomoci programu SAS (Statistical
Analysis System) procedurou ANOVA pro vlivy o3etfovani.

Pro test na vyznamnost byla pouzita nasledujici hranice:
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F test pro rozptyl:
hladina vyznamnosti 5 % = *
hladina vyznamnosti 1 % = **
t testu pro jednotlivé hodnoty:
hladina vyznamnosti 5 %

hladina vyznamnosti 1 %

3.6. Pokus5

3.6.1. Odbér vzorka

V ramci pokusu bylo zakonzervovano celkem 16 kukufi¢nych silazi ptimo v zemédélskych
podnicich, silaZznim inokulantem BONSILAGE MAIS. Aplikace inokulantu podle
provadéna podle doporuceni dodavatele ihned pii sklizni na sklizecich feza¢kach. Pro
ucely experimentu bylo pouZito jako kontrola 6 vzori kukuti¢né silaZze bez aplikace

inokulantu. SilaZovani probihalo na Sesti mistech Moravy a Vysociny.

Pfi zavazeni kukufice do silaznich Zlabi byly odebirany vzorky. Z deseti vozil
privazejicich kukufi¢nou fezanku, bylo odebrano 20 kg materialu. Tento material byl
rozlozen na silazni folii a dikladné promichan. Nasledné byl rozdélen na polovinu.
Z kazdé poloviny bylo odebrano 10 kg fezanky. Oba odbéry byly dikladné promichany a
bylo odebrino 5 kg fezanky, které byly pouzity pro rozbory vstupniho materialu. Po 8
tydnech po uzavieni silaZnich jam byly odebrany pomoci vrtné soupravy reprezentativni

vzorky, vZdy v mnozstvi 30 kg.

Vzorky ze silaZnich jam byly odebirdny v Sesti skupinach, vzdy jedna neoSetfena kontrola

a silaZe oSetfené vySe zminovanych inokulantem.
3.6.2. Zpracovani vysledki

Vyhodnocovani vysledkli a zpracovani dat probihalo pomoci programu Statgraphics
Centurion XV, verze 15.2.05. Pro posouzeni vlivu konzervantu na stabilitu silaze byla

pouzita metoda dvoucestni ANOVA (Two-Sample Comparison).

Diéle jsem se pokusil stanovit pomoci metody GLM (General Linear Model) model pro

hodnoceni rozdilu mezi kontrolni a pokusnou skupinou. Postupnym testovanim
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jednotlivych proménnych a pfipadnych interakci mezi nimi jsem hledal nejsilngjSi model,

vyjadieny pomoci R? — koeficientem determinace.

Obsahy zakladnich zivin jsou uvedeny v tabulkéach pro kontrolni (Tabulka 3.4) a pokusnou

(Tabulka 3.5) skupinu, graficky jsou vyjadfeny v grafech taktéZ pro kontrolni (
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Graf 1) a pokusnou (
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Graf 2) skupinu.

Tabulka 3.4 Hodnoty piivodni hmoty silaZované kukurice — kontrolni vzorky

Pocet | Priimér odscnl:sfl.(a v::i?::'ce Min. Max. |Rozsah| Sikmost |Spitatost
BNLV 6 |668,067 | 26,1582 |391551% | 630,1 693,1 63,0 | -0,61787 |-0,78013
Cukry 6 |[98,1167 | 40,0782 | 40,8475% 53,1 168.3 1152 | 1,02777 |0,873314
NL 6 (21,9333 | 3,83127 | 17,4678% 16,1 26,1 10,0 | -0,676974 |-0,477659
NEL 6 | 6,46667 | 0,196638 [ 3,0408% 6,2 6,7 0,5 |-0,254274 | -0,91409
Popel 6 38,0 7,87909 | 20,7344% | 24,9 46,0 21,1 | -0,824039 | 0,223815
Susina 6 349333 | 49,7742 | 14,2483% | 270,0 410,0 140,0 | -0,662119 0’023365
Skrob 6 |316,733 [ 67,6609 | 21,3621% | 2393 4134 174,1 | 0,446792 |[-0,636569
Tuk 6 |29,5833 | 2,28247 | 7,71539% 25,6 32,6 7,0 | -0,883446 | 1,19905
Vliknina| 6 | 182,517 28,8707 | 15,8181% | 1407 2230 82,3 |-0,0468168(-0,109002
Total 54 (190,083 | 212,216 | 111,644% 6,2 693,1 686,9 | 3,64582 |[0,659824
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Graf 1 Prumeér a smérodatnd odchylka vyjadrend graficky pro kontrolni skupinu

Box-and-VWhisker Plot
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Tabulka 3.5 Hodnoty puvodni hmoty silaované kukufice — silaZe konzervované Bonsilage Mais

Poéet | Prumér odscmhfr:-l.ca vaKr?::ce Min. Max. | Rozsah | Sikmost Spicatost
BNLV 15 656,56 | 27,4294 | 4,175% | 6204 692,5 72,1 |-0,142096| -1,34831
Cukry 15 | 117,253 | 35,0512 | 29,89% 61,3 160,2 98,9 |-0,797353| -0,872063
N_latky 15 | 25,8067 2,784 10,79% 19,9 299 10,0 |-0,656858 —0,248238|
NEL 15 6,42 0,280815 | 4,37% 5,6 6,7 1.1 -2,84445 | 3,6802 |
Popel 15 41,72 9,58482 | 22,97% 24,0 57,4 334 -0,0829 |-0,462749
Sufina 15 |[362,533 | 55,8427 | 1540% | 301,0 484.0 183,0 | 1,31112 |-0,113103
Skrob 15 334,833 | 47,8075 | 14,28% | 2407 433.8 193,1 |0,130007 | 0,570345
Tuk 15 |31,5867| 3,67382 | 11,63% 27.9 424 14,5 | 3,16155 | 3,82361
Vldknina | 15 |181,147| 21,4205 | 11,83% 1483 216,0 67,7 |0,819617 | -0,494642
Total 135 | 195,318 | 208,595 [106,79% 5,6 692,5 686,9 | 5,25595 | 0,296769
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Graf 2 Prumér a smérodatnd odchylka vyjadrena graficky pro pokusnou skupinu
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3.6.3. Stanoveni aerobni stability — systém Vilkenrode (Honig 1990)
3.6.3.1. PRINCIP

Pro urleni aerobni stability silazi, byla pouzita upravena metoda podle Honiga (1990). Je
zalozena na monitorovani teploty, ktera stoupa zvySenou mikrobialni aktivitou vzorku,

které jsou vystaveny pfistupu vzduchu.

3.6.3.2. VYBAVENI

Boxy o priméru 100 mm, vySce 150 mm a S$itka spodku 10 mm, jsou izolovany
polystyrenem, 60 mm na sténach a 30 mm na spodku a viku. Spodni ¢ast a viko ma 10 az
15 mm ve stfedu hlubokou ryhu pro lepsi cirkulaci vzduchu. Snimace teploty (KTY 1000,
odolné teploméry). Zvlastni program pro pocitatovou registraci teplot ze senzori kazdych

10 minut.

3.6.3.3. POSTUP

Pro stanoveni bylo vzdy 100 g suSiny silaZzované hmoty vlozeno do boxu s primérem 95
mm a vy$kou 150 mm. Do stfedu vzorkl byly umistény snimace teploty a cela jednotka
byla uzaviena izolaéni vné&j8i vrstvou 60 mm polystyrenu na sténich a z 30 mm na dné a

vrchu. Schéma této jendotky je uvedeno na obrazku (Obrazek 2). Teplota byla snimana
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kazdé 3 hodiny pocitatovym programem. Z hodnot kazdého dne byla vypoc¢tena primérna
hodnota. Pokojova teplota byla vzata jako referen¢ni teplota (cca 20°C) a odeltena od
teplot silazi. Méfeni pokraovalo nejméné 5 dnii. Vicko a spodni ¢asti vrstva boxu ma ve

sttedu ryhu 10 mm pro umoznéni vstupu vzduchu.

Obrazek 2 Schematické znazornéni jednotky pro méreni teploty

Tenlntni anima®

-

Insulation
1 i o x-{a o
(%] —
— T
o o
_ Vzorek Registracnl
, jednotka
y >
0100
3 © 220 h
3.6.3.4. VYHODNOCENI

Doba, po kterou je silaz stabilni, je dana dobou, dokud registra¢ni jednotka neukaze

zvyseni teploty méfeného vzorku o 2°C nad okolni teplotou.

3.6.4. Vyhodnoceni kvality silazi

Pro ur¢eni kvality zkoumanych silazi byl pouzit DLG systém hodnoceni (Weissbach a
Honig, 1992). Nékteré nové aspekty tohoto hodnoticiho systému upiesnil také Pahlow a
Weissbach (1999). Musi byt zjiSténo nékolik chemickych parametrii a ohodnoceno body.
V tabulkach (Tabulka 3.6 az Tabulka 3.11) jsou uvedeny zptisoby hodnoceni.

3.6.4.1. KYSELINA MASELNA

Mnozstvi kyseliny maselné (souhrn i-maselné kyseliny, isovalerové kyselina, n-valerové

kyseliny a n-kyselina kapronové) ma velky efekt na kvalitu silaZze. Je to indikétor pro
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zamoreni klostridiemi. Pfitomnost jakékoli z téchto substanci snizi pfijem krmiva zviraty.
Body, které je mozno dosahnout za toto kritérium jsou uvedeny v tabulce (Tabulka 3.6). 50

bodii mohou dostat jen silaze, kde je obsah kyseliny maselné pod 0,3 %.

Tabulka 3.6 Hodnoceni kyseliny mdselné v silaZi

Obsah kyseliny maselné
v % hmoty Hody
0..0.3 50
>0,3..04 45
>04..0,5 40
= 005...0.7 35
>0,7...1,0 30
>1,0.-1,4 25
=14.19 20
=1.9.:2.6 15
>2,6..3,6 10
>36..50 5
>5,0 0

*Pro obsah kyseliny mdselné je pouZit soucet i-butyric acid, iso-valeric acid, n-valeric acid a n-caproic acid

3.6.4.2. AMONIAKALNI DUSIK

Dalsi dilezity parametr je obsah amoniakélniho dusiku. Jen hodnoty pod 10 % z celkového
mnozstvi dusiku je hodnoceno 25 body. Schéma hodnoceni amoniakalniho dusiku je

uvedené v tabulce (Tabulka 3.7).

Tabulka 3.7 Hodnoceni amoniakdlniho dusiku v sildZich

Obsah amoniakalniho dusiku Bady
v % z celkového N
10 25
>10...14 20
>14...18 15
3.6.4.3. HODNOTA pH

Pro vyhodnoceni hodnoty pH musi byt pouzit také obsah susiny silaze. Hodnoty v tabulce (
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-----

nedosahuji tak nizkych hodnot pH.
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Tabulka 3.8 Hodnoceni pH silaZi pfi zohlednéni obsahu susiny silaZované hmoty

Zatiidéni pH podle susiny v % sildZzované hmoty Body
.20 > 20...30 > 30...45 > 45
| .43 .45 .47 25
>4,1..4.3 >43.45 >4,5..4,7 >4,7..49 20
>43.45 >4,5..4,7 >47.49 =951 15
>4,5.4,6 >4,7.48 >49..5,0 >5,1..52 10
>4,6..4,7 >438..49 3 I 23253 3
>47.4.8 >4,1.43 =y lench 2 >35,3...34 0
>48.50 >41.43 >52.54 >54.5,6 -5
> 5052 >4,1.43 >54..56 >5,6..5,8 -10
>52.54 >4.1.43 >56..5.8 >5,8...6,0 - 15
>5,4..5,6 >4,1.43 =5.8..0.0 >10,0...6,2 -20
>5,6..5,8 >4.1.43 >6,0...6,2 >6,2..6,4 -25
>5,8 > 6,0 > 6,2 > 6,4 - 30
3.6.4.4. KYSELINA OCTOVA

Za obsah kyseliny octové mize silaz ziskat jen zdporné body. V tabulce (Tabulka 3.9)
miZeme vidét, Ze pouze pii obsahu 2,0 a 3, 0 % v suSiné nejsou pouzity zaporné body
hodnoceni Weissbach a Pahlowz 1997. Pii hodnoceni DLG od Weissbach z roku 1992

nema nizky obsah kyseliny octové za nasledek snizeni bodové hodnoty.

Tabulka 3.9 Hodnoceni obsahu kyseliny octové v porovndni upraveného systému hodnoceni

Body Body

Obsah kyseliny octové v % (1992) (1997)
>8.5 -30 -30
>7.5..8.5 -25 -25
=850 -20 -20
20900 -15 -15
=4,5..5.5 -10 -10
>35.45 -5 -5
SR 0 0
) 0 -5
<] 5il0 0 -10
<1,0...0,5 0 -15
<0,5 0 -20

*Pro celkovy obsah kyseliny octové je pouZit soucet s kyselinou propionovou

3.6.4.5. KATEGORIE KVALITY

Z celkového souctu bodli z jednotlivych kvalitativnich znakti je provedeno celkové

vyhodnoceni podle tabulky (
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Tabulka 3.10).
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Tabulka 3.10 Celkové hodnocent kvality sildzi podle ziskanych bodii za jednotlivd kritéria

Kvalita fermentace

Celkem bodii Trida Hodnoceni
91 ...100 1 Vyborna
71 ...90 2 Dobra
S5l 70 3 Je potieba zlepsit
3. 50 4 Spatna
=30 5 Velmi §patnd
3.6.4.6. DALSI ASPEKTY PRO HODNOCENI KVALITY

Pro hodnoceni kvality se pouzivaji jest¢ dalsi kriteria. Tato kriteria jsou hodnocena
smyslovym testem. To by nam mélo dat informaci o pokracujicim kaZeni silaze (napiiklad
kdy silaZz je zamofend plisnémi nebo bakteriemi). Pokud je silaz zahfatd Cinnosti
mikroorganismii je potfeba korigovat hodnoceni silaZze odeétenim bodi, 1 kdyZ nebyly jesté
provedeny chemické rozbory. Hodnocend kriteria a body jsou uvedeny v tabulce (Tabulka

2115,

Tabulka 3.11 Korekce hodnoceni kvality sildZe na zdakladé smyslového posouzeni

Nedostatky ve vzhledu a Maximalni dosaZena

Kazeni silaze sini Body trida kvality

Zahfivani Viné po karamelu nebo a zména barvy =20

Plesnivy zapach nebo

Plisné viditelné jednotlivé kolonie -30 3
plisni
Silng Maximalné 10 % vzorku je
S zni¢eno plisnémi nebo mikrobialni -50 4
zaplisnéné L
aktivitou

Vielnli plesnive Vice nez 10 % vzorku je

nebo S.l}ny, zni¢eno plisnémi nebo Nezkrmitelné
bakterialni ; ; G
silnou mikrobialni aktivitou
rozklad
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4. Vysledky a diskuse

4.1. Pokus 1 IFA Tuln

Vysledky chemického rozboru kontrolni sildze a sildze oSetrené Bonsilage Mais jsou

uvedeny v tabulkach (Tabulka 4.1a Tabulka 4.2).

Silaz oSetfena Bonsilage Mais obsahuje vys§i mnozstvi kyseliny octové. 1,2 propandiol,
coz je jasny indikator aktivity Lactobacilus buchneri, stejné tak konstatuje 1 Hendrick et
al., (2000), byl stanoven jen v silazich oSetfenych Bonsilage Mais. Obsah kyseliny mlé¢né
v silazich oSetfenych Bonsilage Mais je mirné niz8i. Hodnoty pH jsou také nizsi v silaZich
oSetfenych Bonsilage Mais. Niz§i mnozstvi etanolu a amoniakalniho dusiku byl stanoven v
silazich oSetfenych Bonsilage Mais. Ztraty hmotnosti béhem celé doby kvaSeni bylo nizsi

v silazi oSetiené Bonsilage Mais.

Vys8i obsah kyseliny octové je odpovédny za lepSi aerobni stabilitu. Na grafu (Graf 3) je
znazornén prubéh méfeni aerobni stability po 99 dnech kvaSeni. Aerobni stabilita byla
mnohem vyssi v silazich oSetienych Bonsilage Mais. Zvy3eni teploty kontrolni silaze
dosahovalo 7 °C nad pokojovou teplotou. Méfena aerobni stabilita kontrolni silaze byla
nizka (28 h). V odetiené silazi byl teplotni rozdil k teploté okoli niz§i béhem celého
méfeni. Po 87 hodiniach v oSetfené silazi byl teplotni rozdil proti pokojové teploté 2 °C
(mezni teplota pro aerobni stabilitu) ptekrocen jen velmi kratce. Pozdéji teplota sestoupila
znovu pod mez 2 °C. Az po 235 hodinach se teplota zvySila nad 2°C . Toto signalizuje, ze
mikrobialni aktivita zpisobena ¢innosti kvasinek a plisni byla mnohem nizsi v oSetfené

silazi v porovnani s kontrolou.
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Tabulka 4.1 Parametry silazi neoSetienych

Kontrola Doba fermentace (d)
¢/100g suliny 0 11 25 70 99
Glukéza 293 | 0.06 | 0.12 | 0.15 | 0.16
Fruktéza 3.14 | 0.00 | 0.00 | 0.00 | 0.00
Kyselina mlééna 0.00 | 4.14 | 473 | 497 | 454
Kyselion solovd 0.00 | 0.90 | 1.20 | 1.23 | 0.94
1.2-Propandiol 0.00 | 0.00 | 0.00 [ 0.00 | 0.00
Etanol 0.00 | 1.40 | 090 | 132 | 1.05
Kyselina maselna 0.00 | 0.00 | 0.00 | 0.01 | 0.02
NH3-N 0.02 | 0.04 | 0.06 | 0.09 [ 0.09
suing (% v KR 46.0 | 39.3 | 403 | 39.4 | 40.4
ol 5.60 | 3.89 [ 3.80 | 3.89 | 3.93
Hmotnostni ztraty (% v KR) | n-d.. | 1.10 { 0.81 | 1.24 | 1.25
KR = éerstva hmota; d = dny; n. d. = nestanoveno
Tabulka 4.2 Parametry silaZi oSetfenych Bonsilage Mais
Bonsilage Mais Doba fermentace (d)
g/100g susiny ] 11 25 70 99
Glukéza 293 006 007 006 0.07
Fruktdza 3.14 0.00 000 000 0.00
Kyselina mlé&na 0.00 3.82 458 437 431
Kyselina octova 0.00 096 124 214 251
1,2-Propandiol 0.00 0.00 000 046 045
Etanol 0.00 105 0.67 080 078
Kyselina méaselna 0.00 000 001 0.00 001
NH3-N 0.02 004 005 007 008
sugina (% v KR) 46.0 415 41.6 409 414
pH 560 3.87 377 382 385
nd. 096 070 1.10 1.01

Hmotnostni ztraty (% v KR)

KR = cerstva hmota; d = dny; n. d. = nestanoveno
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Vysledky a diskuse

Graf 3 Méreni aerobni stability po 99 dnech fermentace: Silaini prostiedek Bonsilage Mais

zajistil vysokou aerobni stabilitu
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4.2. Pokus 2 Aulendorf

Vysledky z pokusu, ve kterém byl testovan vliv silazniho inokulantu Bonsilage Mais na

stravitelnost jednotlivych Zivin jsou shrnuty v tabulce (Tabulka 4.3).

Tabulka 4.3 Prehled vysledkit pokusu stravitelnost

dOS dXP DXL dXF dXX | ME NEL
Stravitelnost v % MJ/kg sus.

Hodnoty dD

Bonsilage Mais 779 | 78.8 | 49.2 | 885 | 67.0" | 84.9 | 11.63 | 7.14

Smérodatna odchylka 15 1.1 43 el 17 1.5 0.15 0.12

Yootk 745 | 754 | 454 | 833 | 612" | 823 | 1112 | 6.76

Smérodatna odchylka 2.6 24 4.1 4.2 3.6 2.3 0.36 0.27

0.09 | 0.07 | 032 0.09 | 0.05 0.15 0.06 0.06

Hladina vyznamnosti P<

DD = stravitelnost susiny

DxpP = stravitelnost NL

DXL - stravitelnost tuku

DXF = stravitelnost vidkniny

DXX B stravitelnost BNLV

DOM = stravitelnost organické hmoty
ME = metabolizovana energie

NEL = Netto energie laktace
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Posouzenim rozdili mezi kontrolou a pokusem lze konstatovat, Ze u vSech sledovanych
parametri doSlo ke zvySeni stravitelnosti. OvSem signifikantni rozdil na hladiné

vyznamnosti <0,05 lze konstatovat pouze u stravitelnosti vlakniny.

4.3. Pokus 3 Landwirtschaftszentrum Haus Riswick

Vysledky skupin kontrolni a pokusné jsou uvedeny v tabulce (Tabulka 4.4). Ve stejné

tabulce jsou také uvedeny vysledky stanoveni stravitelnosti in-vivo.

Tabulka 4.4 Vysledek rozboru silaiované hmoty a stravitelnosti Zivin (n=>5)

Hodnota Kontrola Bonsilage Mais Hladina vyznamnosti
susina gkg 313 318
popel g/kg 34 29
NL glkg 71 76
Vlaknina g/kg 188 189
Tuk gkg 36 39
Organicky zbytek g/kg 742 743
Skrob glkg 371 292
ADF g/kg 214 216
NDF glkg 380 377
NFC glkg 479 479
Vytvoieny plyn ml/200 mg 58,1 55,6
ELOS % 713 67,3
Stravitelnost %
Str. org. hmoty 79,5 +1,6 80,4 +1,3 0,34
Str. tuku 84,7+23 88,4 1,5 0,13
Str. vlakniny 72,7428 12,84£2,7 0,78
Str. organického zbytku 81,0 £1,4 81,9+1,0 0,83
NEL MJ/kg sus. 7,27 £0,18" 7,44 £0,14° 0,04

Statitisticky prikazny rozdil byl stanoven pouze u obsahu NEL a to na hladiné

vyznamnosti P<0,05.

4.4. Pokus 4 Aulendorf Il

44.1. Ztraty kvaSenim

Po ¢tyfech mésicich fermentace byly kvasné ztraty tésné na tirovni 5 %. Nebyly prokazany

statisticky vyznamné rozdily neoSetfenou a o3etfenou variantou.
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Graf 4 Hmotnostni ubytek ztrat kvasenim [%]
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Pouziti Bonsilage Mais se neprojevilo signifikantné na krmnou hodnotu kukufi¢na silaze

(Tabulka 4.5).

Tabulka 4.5 Krmna hodnota silaZ po 120 dnech fermentace

Varianta SuSina NL Vlaknina Pooel NEL MJ/k;
Y% Y% % v sus. P sus.

Kontrola 33,72 7,12 19,07 3,96 6,53

Bonsilage Mais 33,87 7,07 19,40 3,69 6,51

P<0.,05 n.s. n.s. n.s. n.s n.s.

n.s. = neni signifikantni

4.4.2. Kvasny proces a aerobni stabilita

Silaze oSetiené Bonsilage Mais mély po 120 dnech fermentace proti kontrole signifikantni

vys38i obsah kyseliny mlééné a kyseliny propionové a také vyssi obsah etanolu (Tabulka

4.6). Naproti tomu byly hodnota pH a obsah kyseliny octové signifikantné nizsi. Pokud jde

o pomér NHj3 z celkového obsahu N jakoZ i obsah propandiolu a zbytkovych cukrii nebyly

zde rozdily oproti kontrolni silazi.

Z vysledki vyplyva, Ze fermentace v silazi oSetiené Bonsilage Mais probihala spise
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homofermentativni nez heterofermentativni formou, coz neodpovida zjisténi Mann a
Spoelstra et. al, (1996), pokud je pouzit v silaznim inokulantu Lactobacillus buchneri. Toto
se projevilo také v aerobni stabilit¢ po vyskladnéni (Graf 5). Jak kontrola tak také i
oSetfena kukufi¢na silaz byly pfes 6 dnl (144 hodin) aerobné stabilni. Potom stoupala
teplota v kukuricné silazi oSetfené Bonsilage Mais, 1 kdyZ jen pomalu a na nizké urovni.

Kontrolni silaz zistala pfes 10 dnt bez ohfevu.

Tabulka 4.6 Kvalita kvasSeni silaZi po 120 dnech fermentace

Kys % Propan-

2. | Kys. octova | propionov | NH;-N : Etanol %
Vartanti n| pH | mléna nyA) ey P pé °/l diol g | WIK
% v sus. o %Yo
%o v sus.
Kontrola 4| 400 | 450 2,88 0,04 961 | 0030 | 092 | 1,38
Bonsilage Mais | 4| 391 | 525 2,23 0,08 924 | 0015 124 | 126
Hladina 0,037 | 07274 0,264 0,066 n.s. ns. 0273 | ns.
vyznamnosti

Graf 5 Hodnoceni aerobni stability

24

23

f ¢ teplota prosifedi

18 1a ; o kontrola
a Bonsilage Mais

p
17 8

16 . T T . ‘
48 72 96 120 144 168 192 216 240

doba pulisobeni vzduchu (hodiny)

o
N
N

46




Vysledky a diskuse

4.4.3. Stravitelnost
Byly provedeny dva pokusy stravitelnosti se ¢tyfmi ovcemi, kde byl testovan acinek
silazniho prostfedku Bonsilage Mais na stravitelnost Zivin.

Zkoudky byly provedeny podle smérnic spole¢nosti Emahrungsphysiologie (J. Anim.
Physiol, a. Anim. Nutr. 65: 229 234, 1995) a podle DLG smémice ke zkousce efekti

silazniho prostfedku na stravitelnost silaze.

Vysledky jsou zobrazeny v tabulce (Tabulka 4.7) vcetné statistickych vypodéti a

hladiny vyznamnosti stanoveni.

Tabulka 4.7 Vysledky hodnoceni stanoveni stravitelnosti silaZi

Skupina €| ar | dos | dXP | DXL | dXF |dXX| ME | NEL
Kukufi¢nd siléz-Bonsilage 1 | 0785 | 0,802 | 0447 | 0,896 | 0,694 |0,866| 11,83 | 7,29
Kukufi¢nd siliz-Bonsilage 2 0776 | 0,793 | 0,454 | 0,874 | 0,680 [0,859| 11,70 | 7,20
Kukiftitns siliz-Bonsilage 3 10750 | 0772 | 0,514 | 0,874 | 0,657 [0.828| 11,41 | 697
Kukuficnd silé?-Bonsilage 4 0772|0785 | 0,552 | 0,894 | 0,650 [0,844| 11,60 | 7,12
Kukuficnd silaz 1 | 0753 | 0767 | 0427 | 0,854 | 0,614 | 0,844 | 1131 | 691
Kukuficnd sildz 2 0770 | 0,788 | 0,518 | 0,879 | 0,667 [0,847| 11,60 | 7,12
Kukuficnd siliz 30705 | 0,729 | 0,463 | 0,766 | 0,599 [0,793| 10,73 | 6,46
Kukuficnd sildz 4 | 0717|0733 | 0409 | 0835 [ 0,567 |0810| 10,83 | 6,54

Stravitelnost v % MJ/kg susiny
Bonsilage Mais 77,9 | 788 | 492 | 885 | 67,0a | 849 | 11,63 | 7,14
Smitedatng odelylka 13 | 1| 43 | 10 | 17 | s | o015 | o2
Kontrola 745 | 754 | 454 | 833 | 612 | 823 | 11,12 | 676
Smérodatna odchylka 2.6 24 4,1 4,2 3.6 2,3 0,36 0,27
Hisidinis v ananmpti P< 009 | 007 | 032 | 009 005 |015| 006 | 006

DD = stravitelnost susiny

DXP = stravitelnost NL

DXL = stravitelnost tuku

DXF = Stravitelnost vidkniny

DXX = Stravitelnost BNLV

DOM = Stravitelnost organické hmoty
ME = Metabolizovana energie

NEL = Netto energie laktace
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Vysledky ukazuji, Ze existuji signifikantni rozdily ve stravitelnosti na urovni P<0,05 jen u
vlakniny.
OSetfenim krmiva sildZnim inokulantem Bonsilage Mais byl zvySen obsah energie v

priméru o 5 %; vysledky ale nejsou signifikantni.

4.5. Pokus 5 silaini jamy

Vysledky rozborti silazované hmoty kontrolni skupiny jsou uvedeny v ptiloze 7.16

Vysledky provoznich pokust — rozbory kvalitativnich ukazatelt silaze.

4.5.1. Obsah kyseliny mlééné

Jednim z velmi dilezitych faktorli konzervace je obsah kyseliny mlé¢né (KM). PouZitim
inokulantu Bonsilage Mais byl v kontrolni skupiné zvy3en obsah KM na 55,57+12,59 g/kg
oproti 47,07£18,52 g/kg, tento rozdil vSak nebyl statisticky vyznamny P<0,05. Naproti
tomu Dolezal a Hejduk (2002) v modelovych pokusech s travni silazi zjistili zvySeni
obsahu KM u silaze oSetfené inokulantem Bonsilage. OvSem zde je ziejmé vysvétleni,
protoze inokulant Bonsilage obsahuje pouze homofermetativni bakterie mlééného kvaseni,
proto se ofekava zvySena tvorba KM. Statistické vypocty jsou v pfiloze 7.1 Hodnoceni

obsahu kyseliny mlé¢né.

4.5.2. Obsah kyseliny octové

Obsah kyseliny octové (KO) byl zvySen u pokusné skupiny na 16,96 + 4,96 g/kg oproti
13,946,61 u skupiny kontrolni, zvySeni pfi pouziti inokulantu obsahujiciho Lactobacillus
buchneri potvrzuje 1 Uriarte a Bolsen (2001) a dalsi autofi. V tomto pfipadé v3ak tento

rozdil nebyl statisticky prikazny na hladin¢ vyznamnosti P<0,05.

Porovnani rozdilti obsahu kvasnych kyselin (KM+KO) s hodnotami u kontrolni skupiny
60,97 + 21,53 a pokusné 72,53 + 15,81 nebyl také statisticky prikazny P<0,05. ZvySeni u
silazi dobie zfermentovanych uvadi také Lisker et al. (1987). Statistické vypolty jsou

v priloze 7.2 Hodnoceni obsahu kyseliny octové.

4.5.3. Aerobni stabilita

Pfi sledovani aerobni stability jsem mohl konstatovat, pfi porovnani celkového priibéhu
sledovani popsané v metodice, Ze silaze v pokusné skupiné konzervované Bonsilage Mais

jsou oproti kontrolni skuping stabilni a to na hladiné vyznamnosti P<0,01. Tento vysledek
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je potvrzen hodnotou t-testu=-3,92453 a hodnoté¢ P = 0,000137401. ZvySeni aerobni
stability pfi pouziti heterofermentativnich bakterii doklada také Weinberg et al. (1993) a
Driehuis F. et al (1996). Statisticky vypocet je k dispozici v ptiloze 7.3 Hodnoceni aerobni
stability celkem, graficky jsou priibéhy hodnoceni aerobni stability znazornény v grafech

(Graf 57, Graf 58).

OvSem pii rozdéleni vyhodnoceni aerobni stability po 0,12, 24, 36, 48, 72, 96, 120
hodinach nebyly rozdily vzdy vyrazné a statisticky vyznamné. (Statistické vypocty jsou
v piiloze 7.4,7.5,7.6,7.7,7.8, 7.9)

Na trovni 0 hodin, tedy na zac¢atku méfeni aerobni stability (Tabulka 4.8) nebyla aerobni

stabilita signifikantné rozdilna ani na hladiné vyznamnosti P<0,05.

-0,8
-0,8
-4,0
-4,2
-3,3
-3,5

Pfi porovnani aerobni stability po 12 hodinach (Tabulka 4.9) od poc¢atku méfeni nelze jesté
prokézat signifikantni rozdil mezi kontrolni a pokusnou skupinou na hladiné vyznamnosti

P<0,05.

0,5 -1,0
-0,7 -1,2
-1,2 1.5
0,0 -0,3
-0,7 -0,4
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-0,8
-0,3
-1,2
0,0
0,0
-0,8
-1,0
-0,7
-0,7

Po 24 hodinach sledovani (Tabulka 4.10) jiz byly patrny rozdily mezi kontrolni a pokusnou

skupinou, ale jesté stale nebyly statisticky prikazné na hladiné vyznamnosti P<0,05.

Tabulka 4.10 Stabilita 24 hodin, odchylky teplot od teploty mistnosti

f ‘0 ? 1

-1,2
0,5 1,0
0.5 5.3
0.2 13
13 13

0,5
03
0,5
0,3
0.7
1,5
1,5
13
15

V porovnani aerobni stability obou skupin po 48 hodinach (Tabulka 4.11) je jiz patrny

vyrazny rozdil, ktery ovSem neni signifikantni.

Tabulka 4.11 Stabilita 48 hodin, odchylky teplot od teploty mistnosti

-0,5

-1,3
-1,5
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-1,0
-1,3

Po 72 hodinach sledovéni aerobni stability (Tabulka 4.12) Ize konstatovat, Ze pokusna silaz
konzervovana Bonsilage Mais je stabilni. Toto tvrzeni je vysoce prikazné na hlading
vyznamnosti P<0,01. Hodnota t-testu=-3,84239 a hodnota P = 0,00109857.

Tabulka 4.12 Stabilita 72 hodin, odchylky teplot od teploty mistnosti

T

-1,0

-0,2

0,7

-0,5

Hodnoceni aerobni stability po 96 hodinach (Tabulka 4.13) je prukazné rozdilné ve
prospéch skupiny pokusné na hladiné vyznamnosti P<0,05, hodnota t testu=-2,62521
hodnota P= 0,0166631 Pokusna silaz vykazuje stabilitu i po této dobé vystaveni plisobeni

okolniho prostredi, jehoz vlivy popisuje Ohyama et al. 1975.

-0,3
-0,7
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DalS$im hodnocenym znakem bylo stanoveni tfidy kvality silazi pduiitim metody
Weissbach a Honig , 1992, upfesnéné podle Pahlow a Weissbach (1999). Rozdil mezi
pokusnou a kontrolni skupinou byl maly. Konkrétné pokusna skupina 88,33 + 3,57 bodu a
kontrolni skupina 85,83 + 5,16 bodu. Tento rozdil nebyl statisticky prukazny ani na
hladiné P<0,05 shodnotami t testu -0,85014, hodnota P = 0,405833. Taktéz F test
neprokazal statisticky vyznamny rozdil na hladiné P<0,05 s hodnotami F=0,58, hodnota P-
value = 0,570099. Vysledky testi uvadim v ptiloze 7.10. Bodové hodnoceni silazi je
uvedeno v tabulce (Tabulka 4.14).

Tabulka 4.14 Bodové hodnocem sdazl pod:'e metodiky DLG

Kontrola
80
85
85
95
85
85

100
85

Hodnoceni body uvedené v této tabulce odpovida tifidam kvality hodnocenym taktéz podle

DLG klice. Zatiidéni do konkrétnich tfid je uvedeno v tabulce (Tabulka 4.15)

Tabulka 4.15 Zatrideni do trid kvaltty podle metodiky DLG

2
2
2
1
2
2

Nm»—-w-»—-—ﬂmwmmm"u
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4.54. GLM model

Pouzitim modelu GLM jsem hledal vyjadreni zavislosti parametrii sildZzované hmoty na
pouziti konzervantu. Hodnota koeficientu determinace R a upraveného koeficientu
determinace urcuje miru zavislosti jedné proménné, v tomto pfipadé pouziti konzervantu,

na ostatnich faktorech, které mohou proménou ovlivnit.

Kvantitativnimi faktory byly rozborované parametry silazi — suSina, NL, vlaknina, tuk,

BNLYV, popel, §krob, cukry, pH, KVV, kyselina mlé¢n4, kyselina octova.
Celkové vysledky viech testovanych modelti jsou uvedeny v pfiloze.

4.54.1. Model 1

Pfi hledani vhodného modelu jsem zafal u jednoduchého piisobeni viech vyse
zmifiovanych faktorti bez interakci (Pfiloha 7.11). V tomto p¥ipadé byl R? vysoky 83,76 %
ale upraveny R’ dosahoval pouze 51,3 %. Analyza variance pro tento piipad nebyla na
hladiné vyznamnosti P<0,05 statisticky prikazna. Proto nemuizeme pfijmout navrhovanou

rovnici pro vyjadfeni zavislosti proménné — konzervantu:

Konzervant_k = -14,3433 - 0,00800561*Susina + 0,00148238*N _ldtky - 0,00537113*VIdknina -
0,0555002*Tuk + 0,0146916*BNLV + 0,0304535%Popel - 0,00280724*Skrob - 0,0122102*Cukry
+ 2,88889*PH + 0,000357638*KVV - 0,00612997*K_ mlécna + 0,000112064*K_octovd

4.5.4.2. Model 2

DalS§im krokem jsem uvazoval o spole¢ném plisobeni kvasnych kyselin a do modelu jsem

dosadil vzajemnou interakci kyseliny mlécné a octové.

Dosazena hodnoty R byla opét vysoka 82,3 %, oviem upraveny R> byl nizky 54,7 %.
Analyza variance nebyla, stejné jako u modelu 1 statisticky vyznamna na hladiné¢ P<0,05

(viz priloha 7.12).
4.5.4.3. Model 3

Dalsi interakci vstupnich faktor bylo spoluptisobeni susiny, vidkniny a dusikatych latek.
V tomto piipadé byl R” roven 73,6 %, coZ je velmi vysoka tiroveii, aviak upraveny R’ se
dostal pod hranici 50 % na troven 47,26 %. Analyza variance dosahovala hodnoty

P=0,0710, takZe ani v tomto pfipadé nebyl zjistén statisticky vyznamny rozdil na hladiné
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vyznamnosti P<0,05 (viz piiloha 7.13).

4.5.44. Model 4

V tomto modelu jsem pouzil do interakce mimo jiz vySe zminénych skrob, tuk a cukry.
Vysledky analyzy variance tohoto modelu byly jiz statisticky prikazné pifi hodnoté
P=0,0124, tedy lze konstatovat, Ze pii hladiné vyznamnosti P<0,05. R’ ma hodnotu 74,5 %
a upraveny R°=58,35 % (viz ptiloha 7.14). Miizeme tedy rovnici pro vyjadieni zavislosti
proménné — konzervantu — povazovat za pomérné piesny odhad:

Konzervant_k =-6,79301 - 3,89069E-7*SusSina*Vidknina*N ldtky + 0,00420671*BNLV +

0,0176572*Paopel - 8,94944E-7*Skrob*Cukry*Tuk + 1,71527*PH + 0,0000831127*KVV -
0,0000506587*K_ mlécna*K_octova

I pres tento vysledek jsem se pokusil zpfesnit odhad v modelu 5

4.5.4.5. Model 5

Interakce vySe zminované jsem vtomto modelu doplnit o interakci mezi susinou a
vidkninou a mezi BNLV a popelem. Takto sestaveny model potvrdil analyzou variance
vysokou vyznamnost pfi hodnoté P=0,0058, proto miizeme konstatovat, Ze pro tento model
existuje statistickd vyznamnost P<0,01. Také R je s hodnotou 78,24 % velmi vysoky a

upraveny R? 64,4 % je nejvyssi ze viech testovanych i zde neuvadénych modeld.
Proto nam rovnice poskytuje nejpiesnéjsi odhad z testovanych modeli:

Konzervant k =-3,02677 - 0,0000386827*Susina*Viiknina - 0,0119613*N _litky +
0,0000191257*BNLV*Popel - 0,0000011653 7*Skrob*Cukry*Tuk + 2,01925*PH -
0,0000183079*KVV - 0,0000132653*K_ mléénd*K_octovd

Statistické vypocCty k tomuto modelu jsou k dispozici v priloze 7.15.
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5. Zavér

Cilem prace bylo zhodnotit vliv biologického inokulantu na aerobni stabilitu kukufi¢né
silaze. Hodnoceni aerobni stability bylo provedeno jak v laboratornich podminkéch
v malych pokusnych silech, tak i v provoznim pokuse z praktickych silazi z velkych
silaznich jam. Testovany inokulant s obchodnim nidzvem Bonsilage Mais obsahoval
Lactobacilus plantarum DSM 12836, Pediococcus pentosaceus DSM 12834, Lactobacillus
buchneri DSM 1285. Pouzita byla forma granulatova i vodorozpustna. Cilem této prace
nebylo sledovat rozdily v aéinnosti forem inokulantu. Jelikoz v nékterych pokusech byla
stanovena stravitelnost zivin zpisobem in-vivo byly nékteré vysledky zahrnuty do

vysledkl této prace.

V pokusu 1 byla zji§téna zvySena tvorba kyseliny octové a 1,2 propandiolu u pokusné

silaze proti kontrolni. Aerobni stabilita pokusné silaze byla vyssi.

V pokusu 2, ktery byl zaméfen na vliv inokulantu na stravitelnost Zivin bylo zjisténo
statisticky vy$3i stravitelnost vldkniny (P<0,05). Ostatni ziviny vykazaly také vyssi

stravitelnost v pokusné silazi, ale nebyly signifikatni na hladiné P<0,05.

V pokusu 3, ktery se zabyval také vlivem inokulantu na stravitelnost Zivin silaZe, byl
zjisténo prikazné zvyseni (P<0,05) koncetrance NEL v pokusné skuping (7,44 + 0,14%)
oproti kontrolni skupiné(7,27 + 0,18).

Pokus 4, byl rozsahlejsi a bylo hodnoceno vice parametrii. U ztrat kvaSenim nebyly
prokazany statisticky vyznamné odli$nosti. Ve sledovanych parametrech krmné hodnoty
nebyly zaznamenany signifikatni rozdily. Aerobni stabilita oSetfené silaze nebyla rozdilna
proti stabilité¢ kontrolni silaze. Pfi hodnoceni stavitelnosti zivin bylo stanoveno zvyseni
koncentrace NEL o 5 %, které viak nebylo signifikantni. Stravitelnost vlakniny byla taktéz

zvysena a to statisticky prikazné (P<0,05).

Pokus 5 zpracovaval silaze zvelkych silaznich jam. Obsah kyseliny mlé¢éné byl
v kontrolni skupiné€ zvySen na 55,57+12,59 g/kg oproti 47,07+18,52 g/kg, tento rozdil viak
nebyl statisticky vyznamny P<0,05. Stejné tak i1 obsah kyseliny octové se zvysil u pokusné
skupiny na 16,96 + 4,96 g/kg oproti 13,9+6,61 u skupiny kontrolni. Ani tento rozdil nebyl
na hladiné vyznamnosti P<0,05 pritkazny. Hodnoceni aerobni stability prokazalo vyrazny
rozdil, dokonce na hladiné P<0,01. Poslednim hodnocenim v tomto pokusu bylo vyjadieni

vlivu konzervantu na ostatni Ziviny silaZe. Pro tento tcel byl pouzit model GLM, kde byla
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hledana rovnice pro vyjadieni tohoto vztahu, tak, aby byl co nejvice eliminovan zbytek

parametrt, které nejsou v rovnici zahrnuty. Vysledkem je rovnice vyjadfujici zavislost:

Konzervant k = -3,02677 - 0,0000386827*Susina*VlIdaknina - 0,0119613*N _latky +
0,0000191257*BNLV*Popel - 0,00000116537*Skrob*Cukry*Tuk + 2,01925*PH -
0,0000183079*KVV - 0,0000132653*K_mlécna*K_octova

Zavérem lze konstatovat, Ze pouzitim konzervantu Bonsilage Mais lze dosahnout zvySenou
aerobni stabilitu kukufi¢né silaze, samoziejmé pii dodrzeni spravné technologie sildZovani.
Tato skutecnost je velmi dilezitd, protoZze v praxi stale dochazi k zna¢nym ztratam at’ uz na

fezné ploSe v silazni jamé, nebo pii zkrmovani zahtivajici se silaze.
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7. P¥ilohy

7.1. Hodnoceni obsahu kyseliny mlécné

Teluls Summary Statistics

Tabulka 7.1

Kontrola BM
Count 6 15
Average 13,9 16,956
Standard deviation |6,30365 8,96781
Coeff. of variation  |45,35% 52,8887%

Minimum 6,6 6,04
Maximum 25,5 38,3
Range 18,9 32,26
Stnd. skewness 1.37382 1.60583
Stnd. kurtosis 1.53105 0.664091
The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, both
standardized skewness values arc within the range expected. Both standardized kurtosis values are within the range

expected.

713 Comparison of Means

95,0% confidence interval for mean of Kontrola: 13,9 +/- 6,61529 [7,28471; 20,5153]
95,0% confidence interval for mean of BM: 16,956 +/- 4,96622 [11,9898; 21,9222]
95,0% confidence interval for the difference between the means

assuming equal variances: -3,056 +/- 8,44163 [-11.4976; 538563

1 test to compare means

Null hypothesis: meanl = mean2
Alt. hypothesis: meanl NE mean2
21

assuming equal variances: t =-0,757709 P-value = 0 45792

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor
This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for

each mean and for the difference between the means. Of particular interest is the confidence interval for the difference
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between the means, which extends from -11,4976 to 5,38563. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.

A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the
two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is not less than 0,05, we cannot reject the null hypothesis.

7.13. Comparison of Standard Deviations

Tabulka 7.2

Kontrola |BM
Standard deviation  [6,30365 8,96781
Variance 39,736 804216
Df 3 14
Ratio of Variances = 0,494096

95,0% Confidence Intervals
Standard deviation of Kontrola: [3,93479; 15,4604]
Standard deviation of BM: [6,56557; 14,1431]

Ratio of Variances: [0.134873; 3.18972]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F =0,494096 P-value = (), 445957
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,134873 to 3,18972. Since the interval contains the value 1, there is not a

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.

7.14. Comparison of Medians

Median of sample 1: 12,8
Median of sample 2: 13,0

Mann-Whitney (Wilcoxon) W test to compare medians
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Null hypothesis: median]l = median2

Alt. hypothesis: medianl NE median2

Average rank of sample 1: 9,91667
Average rank of sample 2: 11,4333

W=6,5 P-value = 0,640208
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a Mann-Whitney W test to compare the medians of the two samples. This test is constructed by
combining the two samples, sorting the data from smallest to largest, and comparing the average ranks of the two sample
in the combined data. Since the P-value is greater than or equal to 0,05, there is not a statistically significant differenci

between the medians at the 95,0% confidence level.
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7.2.  Hodnoceni obsahu kyseliny octové

721 Summary Statistics

Tabulka 7.3

Kontrola BM
Count 6 15
Average 13,9 16,956
Standard deviation |6,30365 8,96781
Coeff. of variation  [45,35% 52,8887%
Minimum 6,6 6,04
Maximum 25,5 38,3
Range 18,9 32,26
Stnd. skewness 1,37382 1,60583
Stnd. kurtosis 1,53105 0.664091

The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations.

standardized skewness values are within the range expected. Both standardized kurtosis values are within the range

expected.
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1.2.2, Comparison of Means

95,0% confidence interval for mean of Kontrola: 13,9 +/- 6,61529 [7,28471; 20,5153]
95,0% confidence interval for mean of BM: 16,956 +/- 496622 [11,9898; 21,9222]
95,0% confidence interval for the difference between the means

assuming equal variances: -3,056 +/- 8,44163 [-11.4976; 5.38563]

t test to compare means

Null hypothesis: meanl = mean2
Alt. hypothesis: mean] NE mean2
assuming equal variances: t =-0,757709 P-value = 0457921

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for

each mean and for the difference between the means. Of particular interest is the confidence interval for the difference

between the means, which extends from -11,4976 to 5,38563. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.

A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from

which the two samples come. In this case, the test has been constructed to determine whether the difference between the

two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is not less than 0,05, we cannot reject the null hypothesis.

723, Comparison of Standard Deviations

Tabulka 7.4

Kontrola |BM
Standard deviation 6,30365 8.96781
Variance 39,736 80,4216
Df 5 14
Ratio of Variances = 0,494096

95,0% Confidence Intervals
Standard deviation of Kontrola: [3,93479; 15,4604]
Standard deviation of BM: [6,56557; 14,1431]

Ratio of Variances: [0.134873; 3,18972]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F =0,494096 P-value = 0 448957
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor
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This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,134873 to 3,18972. Since the interval contains the value 1, there is not a

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.

7.2.4. Comparison of Medians

Median of sample 1: 12,8
Median of sample 2: 13,0

Mann-Whitney (Wilcoxon) W test to compare medians
Null hypothesis: medianl = median2

Alt. hypothesis: medianl NE median2

Average rank of sample 1: 9,91667
Average rank of sample 2: 11,4333

W =65 P-value = 0,640208
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor
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This option runs a Mann-Whitney W test to compare the medians of the two samples. This test is constructed by
combining the two samples, sorting the data from smallest to largest, and comparing the average ranks of the two samples
in the combined data. Since the P-value is greater than or equal to 0,05, there is not a statistically significant difference

between the medians at the 95,0% confidence level.
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7.3. Hodnoceni aerobni stability celkem

13.1. Summary Statistics

Tabulka 7.5

BM kontrola
Count 99 39
Average 0,176768 2,86667

Standard deviation |3,01881 48516
Coeff. of variation 1707,79% 169,242%

Minimum -4.8 -4,5
Maximum 12,0 12,8
Range 16,8 17,3

Stnd. skewness 7.44389 2,12362
Stnd. kurtosis 7.09628 -0,220806

The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, both samples
have standardized skewness values outside the normal range. BM has a standardized kurtosis value outside the normal

range.
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Tk, Comparison of Means

99,0% confidence interval for mean of BM: 0,176768 +/- 0,797018 [-0,62025; 0,973786]
99,0% confidence interval for mean of kontrola: 2,86667 +/- 2,10656 [0,760112; 4,97322]
99,0% confidence interval for the difference between the means

assuming equal variances: -2,6899 +/- 1,7906 [-4.4805; -0,899296]

t test to compare means

Null hypothesis: mean! = mean2
Alt. hypothesis: meanl NE mean2
assuming equal variances: t =-3,92453 P-value = 0.00013740]

Reject the null hypothesis for alpha = 0,01.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for

each mean and for the difference between the means. Of particular interest is the confidence interval for the difference

between the means, which extends from -4,4805 to -0,899296. Since the interval does not contain the value 0, there is a

statistically significant difference between the means of the two samples at the 99,0% confidence level.

A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from

which the two samples come. In this case, the test has been constructed to determine whether the difference between the

two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is less than 0,01, we can reject the null hypothesis in favor of the alternative.

T3, Comparison of Standard Deviations

Tabulka 7.6

BM kontrola
Standard deviation [3,01881 |4,8516
Variance 9,11323 (23,5381
Df 98 38

Ratio of Variances = 0,38717

99,0% Confidence Bounds
Standard deviation of BM: [3,61356]
Standard deviation of kontrola: [6,57479]

Ratio of Variances: [0,703517]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal < sigma2

F=0,38717 P-value= 0,0000948268
Reject the null hypothesis for alpha = 0,01.

78



Prilohy

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence bound for the ratio
of the ratio of the variances, which extends upward to 0,703517. This indicates the largest value for the ratio which is

supported by the data.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio is less than 1,0. Since the computed P-value is less than 0,01,

we can reject the null hypothesis in favor of the alternative.

7.3.4. Kolmogorov-Smirnov Test

Estimated overall statistic DN = 0. 405702
Two-sided large sample K-S statistic = 2,16181

Approximate P value = 0,0001 7445

The StatAdvisor

This option runs a Kolmogorov-Smirnov test to compare the distributions of the two samples. This test is performed by
computing the maximum distance between the cumulative distributions of the two samples. In this case, the maximum
distance is 0,408702, which you can see visually by selecting Quantile Plot from the list of Graphical Options. Of
particular interest is the approximate P-value for the test. Since the P-value is less than 0,05, there is a statistically

significant difference between the two distributions at the 95,0% confidence level.
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7.4. Aerobni stabilita 0 hodin

7.4.1. Summary Statistics

Tabulka 7.7

BM kontrola
Count 15 6
Average -2,51333 -2,35
Standard deviation  [1,58379 1,79861
Coeff. of variation  [-63,0154% -76,5366%
Minimum -4.8 4.5
Maximum 0,1 0,0
Range 4,9 4,5
Stnd. skewness 0.700608 0,195514
Stnd. kurtosis -0.900533 -0.964376
The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come

from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from

13

normality, which would tend to invalidate the tests which compare the standard deviations.

standardized skewness values are within the range expected. Both standardized kurtosis values are within the range

expected.
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7.4.2. Comparison of Means

95,0% confidence interval for mean of BM: -2,51333 +/- 0,877074 [-3,39041; -1,63626]
95,0% confidence interval for mean of kontrola: -2,35 +/- 1,88753 [-4,23753; -0,462469]
95,0% confidence interval for the difference between the means

assuming equal variances: -0,163333 +/- 1,66117 [-1.8245; [ 49783

t test to compare means

Null hypothesis: meanl = mean2
Alt. hypothesis: meanl NE mean2
assuming equal variances: t =-0,205796 P-value = 0.839]39

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for

each mean and for the difference between the means. Of particular interest is the confidence interval for the difference

between the means, which extends from -1,8245 to 1,49783. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.

A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from

which the two samples come. In this case, the test has been constructed to determine whether the difference between the

two means cquals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is not less than 0,05, we cannot reject the null hypothesis.

7.4.3. Comparison of Standard Deviations
Tabulka 7.8
BM kontrola
Standard deviation 1,58379 1,79861
Variance 2,50838 [3,235
Df 14 5

Ratio of Variances = 0,775388

95,0% Confidence Intervals
Standard deviation of BM: [1,15953; 2,49779]
Standard deviation of kontrola: [1,12271; 4,4113]

Ratio of Variances: [0.12011; 2,.8405§]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F=0,775388 P-value= 0645667
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor
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This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,12011 to 2,84058. Since the interval contains the value 1, there is not a

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.
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7.5. Aerobni stabilita 12 hodin

151, Summary Statistics

Tabulka 7.9

BM kontrola
Count 15 6
Average -0,526667 -0,466667
Standard deviation 0,68501 0,608824

Coeff. of variation -130,065% [-130,462%

Minimum -1,2 -1,2
Maximum 1,5 0,5
Range 2.7 17

B

Stnd. skewness 3.10622 0.760991

Stnd. kurtosis 3,96623 -0,0204279

The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, BM has a

standardized skewness value outside the normal range. BM has a standardized kurtosis value outside the normal range.

T2, Comparison of Means

95,0% confidence interval for mean of BM: -0,526667 +/- 0,379346 [-0,906013; -0,14732]
95,0% confidence interval for mean of kontrola: -0,466667 +/- 0,638923 [-1,10559; 0,172257]
95,0% confidence interval for the difference between the means

assuming equal variances: -0,06 +/- 0,67315 [-0.73315; 0.61315]

t test to compare means

Null hypothesis: meanl = mean2
Alt. hypothesis: meanl NE mean2
assuming equal variances: t =-0,186558 P-value = () 833984

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for
each mean and for the difference between the means. Of particular interest is the confidence interval for the difference
between the means, which extends from -0,73315 to 0,61315. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.
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A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the
two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is not less than 0,05, we cannot reject the null hypothesis.

7:5.3. Comparison of Standard Deviations

Tabulka 7.10

BM kontrola
Standard deviation  |0,68501 0,608824
Variance 0,469238 [0,370667
Df 14 5

Ratio of Variances = 1,26593

95,0% Confidence Intervals
Standard deviation of BM: [0,501514; 1,08033]
Standard deviation of kontrola: [0,380033; 1,49321]

Ratio of Variances: [0.196096; 4.63764]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F=1,26593 P-value=0,851783
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,196096 to 4,63764. Since the interval contains the value 1, there is nota

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.
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7.6.  Aerobni stabilita po 24 hodindch

7.6.1. Summary Statistics
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Tabulka 7.11

BM kontrola
Count 15 6
Average -0,573333 0,2
Standard deviation 1,68161 1,99399
Coeff. of variation -293,304%  [996,995%
Minimum -1,5 -1,3
Maximum 5,3 4,2
Range 6,8 55
Stnd. skewness 5.44536 2.25269
Stnd. kurtosis 9,98397 2,67141

The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, both samples
have standardized skewness values outside the normal range. Both samples have standardized kurtosis values outside the

normal range.

162, Comparison of Means

95,0% confidence interval for mean of BM: -0,573333 +/- 0,931246 [-1,50458; 0,357913]
95,0% confidence interval for mean of kontrola: 0,2 +/- 2,09257 [-1,89257; 2,29257]
95,0% confidence interval for the difference between the means

assuming equal variances: -0,773333 +/- 1,78868 [-2.56202; 1.01535]

t test to compare means

Null hypothesis: mean] = mean2
Alt. hypothesis: mean] NE mean2
assuming equal variances: t = -0,904917 P-value = 0.376842

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for
each mean and for the difference between the means. Of particular interest is the confidence interval for the difference
between the means, which extends from -2,56202 to 1,01535. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.

A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the

two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-
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value is not less than 0,05, we cannot reject the null hypothesis.

7.6.3. Comparison of Standard Deviations

Tabulka 7.12

BM kontrola

Standard deviation 1,68161 1,99399
Variance 2,82781 |[3,976
Df 14 5

Ratio of Variances = 0,71122

95,0% Confidence Intervals
Standard deviation of BM: [1,23115; 2,65206]
Standard deviation of kontrola: [1,24467; 4,89049]

Ratio of Variances: [0.11017; 2.6055]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F=0,71122 P-value= 0,562874

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds

for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio

of the variances, which extends from 0,11017 to 2,6055. Since the interval contains the value 1, there is not a statistically

significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the

two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations

equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.
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7.7.  Aerobni stabilita po 48 hodindch

Tal:d. Summary Statistics

Tabulka 7.13

BM kontrola
Count 15 6
Average 0,02 3,21667

Standard deviation 3,34156 4,39701
Coeff. of variation 16707,8% |136,695%

Minimum -1,5 0,3
Maximum 12,0 L5 157
Range 13,5 11,4
Stnd. skewness 5.95092 1.9397]
Stnd. kurtosis 11,3868 1.87995
The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, BM has a

standardized skewness value outside the normal range. BM has a standardized kurtosis value outside the normal range.

7 Ay i Comparison of Means

95,0% confidence interval for mean of BM: 0,02 +/- 1,8505 [-1.8305; 1,8705]
95,0% confidence interval for mean of kontrola: 3,21667 +/- 4,61439 [-1,39772; 7.83105]
95,0% confidence interval for the difference between the means

assuming equal variances: -3,19667 +/- 3,68927 [-6.88594; 0.492603]

t test to compare means

Null hypothesis: mean] = mean2
Alt. hypothesis: mean! NE mean2
assuming equal variances: t =-1,81356 P-value = 0.0855731

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for
each mean and for the difference between the means. Of particular interest is the confidence interval for the difference
between the means, which extends from -6,88594 to 0,492603. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.
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A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the
two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is not less than 0,05, we cannot reject the null hypothesis.

703, Comparison of Standard Deviations

Tabulka 7.14

BM kontrola
Standard deviation  [3,34156 |4,39701
Variance 11,166 19,3337
Df 14 3

Ratio of Variances = 0,577542

95,0% Confidence Intervals
Standard deviation of BM: [2,44644; 5,26996]
Standard deviation of kontrola: [2,74465; 10,7842]

Ratio of Variances: [0,0894628; 2.11578]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F=0,577542 P-value = 0,384304
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,0894628 to 2,11578. Since the interval contains the value 1, there is not a

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.
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7.8.  Aerobni stabilita po 72 hodindch

7.8.1. Summary Statistics

Tabulka 7.15

BM kontrola
Count 15 6
Average 1,23333 7.2
Standard deviation  [2,71363 43188
Coeff. Of variation [220,024% 59,9833%
Minimum -1,0 4,0
Maximum 6.8 12,8
Range 7.8 8.8
Stnd. skewness 2.16753 0,930432
Stnd. kurtosis 0.423459 -0,940779

The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, BM has a

standardized skewness value outside the normal range. Both standardized kurtosis values are within the range expected.

7.8.2. Comparison of Means

99,0% confidence interval for mean of BM: 1,23333 +/- 2,08575 [-0,852418; 3,31908]
99,0% confidence interval for mean of kontrola: 7,2 +/- 7,10927 [0,0907349; 14,3093]
99.0% confidence interval for the difference between the means

assuming equal variances: -5,96667 +/- 4,44262 [-10.4093; -1.52404]

t test to compare means

Null hypothesis: mean] = mean2
Alt. hypothesis: meanl NE mean2
assuming equal variances: t =-3,84239 P-value = 0,00109857

Reject the null hypothesis for alpha = 0,01.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for
each mean and for the difference between the means. Of particular interest is the confidence interval for the difference

between the means, which extends from -10,4093 to -1,52404. Since the interval does not contain the value 0, there is a

statistically significant difference between the means of the two samples at the 99,0% confidence level.
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A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the
two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is less than 0,01, we can reject the null hypothesis in favor of the alternative.

7.8.3. Comparison of Standard Deviations

Tabulka 7.16

BM kontrola
Standard deviation  |2,71363 [4,3188
Variance 7,36381 18,652
Df 14 5

Ratio of Variances = 0,3948

99,0% Confidence Intervals
Standard deviation of BM: [1,8143; 5,02998]
Standard deviation of kontrola: [2,35964; 15,05]

Ratio of Variances: [0.0298754; 2,19598]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma?2
Alt. hypothesis: sigmal NE sigma2
F=0,3948 P-value=0.156334
Do not reject the null hypothesis for alpha = 0,01.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,0298754 to 2,19598. Since the interval contains the value 1, there is not a

statistically significant difference between the standard deviations of the two samples at the 99,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,01, we cannot reject the null hypothesis.
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7.9. Aerobni stabilita po 96 hodindch

79.1, Summary Statistics

Tabulka 7.17

BM kontrola
Count 15 6
Average 2,82 7,51667
Standard deviation  [3,80173 3,41433
Coeff. of variation 134,813% 45,4235%
Minimum -1,0 42
Maximum 9.3 12,3
Range 10,3 8,1
Stnd. skewness 1.16691 0.734524
Stnd. kurtosis -0,922089 -0,827763
The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, both
standardized skewness values are within the range expected. Both standardized kurtosis values are within the range

expected.

78.2. Comparison of Means

95,0% confidence interval for mean of BM: 2,82 +/- 2,10533 [0,714668; 4,92533]
95,0% confidence interval for mean of kontrola: 7,51667 +/- 3,58313 [3,93353; 11,0998]
95,0% confidence interval for the difference between the means

assuming equal variances: -4,69667 +/- 3,74456 [-8.44123; -0,952106]

t test to compare means

Null hypothesis: mean] = mean2
Alt. hypothesis: mean! NE mean2
assuming equal variances: t =-2,62521 P-value = 0.0166631

Reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for
each mean and for the difference between the means. Of particular interest is the confidence interval for the difference
between the means, which extends from -8,44123 to -0,952106. Since the interval does not contain the value 0, there is a

statistically significant difference between the means of the two samples at the 95,0% confidence level.
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A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the
two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is less than 0,05, we can reject the null hypothesis in favor of the alternative.

7.9.3. Comparison of Standard Deviations

Tabulka 7.18

BM kontrola

Standard deviation |3,80173 |3,41433

Variance 14,4531 11,6577
Df 14 5

Ratio of Variances = 1,2398

95,0% Confidence Intervals
Standard deviation of BM: [2,78335; 5,9957]
Standard deviation of kontrola: [2,13125; 8,37404]

Ratio of Variances: [0, 192048; 4,5419]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma?2
F=1,2398 P-value = 0.87260¢

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,192048 to 4,5419. Since the interval contains the value |, there is not a

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.

7.9.4. Kolmogorov-Smirnov Test

Estimated overall statistic DN = (), 733333
Two-sided large sample K-S statistic = 1,51814

Approximate P value = 0,0199]31

The StatAdvisor
This option runs a Kolmogorov-Smirnov test to compare the distributions of the two samples. This test is performed by

computing the maximum distance between the cumulative distributions of the two samples. In this case, the maximum
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distance is 0,733333, which you can see visually by selecting Quantile Plot from the list of Graphical Options. Of

particular interest is the approximate P-value for the test. Since the P-value is less than 0,05, there is a statistically

significant difference between the two distributions at the 95,0% confidence level.
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7.10. Vysledky hodnoceni kvality silaZi podle DLG systému

7.10.1.  Summary Statistics

Tabulka 7.19

A.Kontrola |A.BM
Count 6 15
Average 85,8333 88,3333
Standard deviation  |4,91596 6,45497
Coeff. of variation 5,72733% 7.30752%
Minimum 80,0 80,0
Maximum 95,0 100,0
Range 15,0 20,0
Stnd. skewness 1,43796 0417221
Stnd. kurtosis 1.80143 -0.90177
The StatAdvisor

This table shows summary statistics for the two samples of data. Other tabular options within this analysis can be used to
test whether differences between the statistics from the two samples are statistically significant. Of particular interest
here are the standardized skewness and standardized kurtosis, which can be used to determine whether the samples come
from normal distributions. Values of these statistics outside the range of -2 to +2 indicate significant departures from
normality, which would tend to invalidate the tests which compare the standard deviations. In this case, both
standardized skewness values are within the range expected. Both standardized kurtosis values are within the range

expected.

7.10.2.  Comparison of Means

95,0% confidence interval for mean of A.Kontrola: 85,8333 +/- 5,159 [80,6743; 90,9923]
95,0% confidence interval for mean of A.BM: 88,3333 +/- 3,57465 [84,7587; 91,908]
95,0% confidence interval for the difference between the means

assuming equal variances: -2,5 +/- 6,15495 [-8.65495; 3.65495]

t test to compare means

Null hypothesis: mean| = mean2
Alt. hypothesis: meanl NE mean2
assuming equal variances: t =-0,85014 P-value =0 405833

Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a t-test to compare the means of the two samples. It also constructs confidence intervals or bounds for
each mean and for the difference between the means. Of particular interest is the confidence interval for the difference
between the means, which extends from -8,65495 to 3,65495. Since the interval contains the value 0, there is not a

statistically significant difference between the means of the two samples at the 95,0% confidence level.
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A t-test may also be used to test a specific hypothesis about the difference between the means of the populations from
which the two samples come. In this case, the test has been constructed to determine whether the difference between the
two means equals 0,0 versus the alternative hypothesis that the difference does not equal 0,0. Since the computed P-

value is not less than 0,05, we cannot reject the null hypothesis.

7.10.3.  Comparison of Standard Deviations

Tabulka 7.20

A.Kontrola |A.BM

Standard deviation 491596 6,45497
Variance 24,1667 41,6667
Df 5 14

Ratio of Variances = 0,58

95,0% Confidence Intervals
Standard deviation of A.Kontrola: [3,06858; 12,057]
Standard deviation of A.BM: [4,72586; 10,1801]

Ratio of Variances: [0.158322; 3.74425]

F-test to Compare Standard Deviations
Null hypothesis: sigmal = sigma2
Alt. hypothesis: sigmal NE sigma2
F=0,58 P-value=0.570099
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs an F-test to compare the variances of the two samples. It also constructs confidence intervals or bounds
for each standard deviation and for the ratio of the variances. Of particular interest is the confidence interval for the ratio
of the variances, which extends from 0,158322 to 3,74428. Since the interval contains the value 1, there is not a

statistically significant difference between the standard deviations of the two samples at the 95,0% confidence level.

An F-test may also be used to test a specific hypothesis about the standard deviations of the populations from which the
two samples come. In this case, the test has been constructed to determine whether the ratio of the standard deviations
equals 1,0 versus the alternative hypothesis that the ratio does not equal 1,0. Since the computed P-value is not less than

0,05, we cannot reject the null hypothesis.

7.10.4. Comparison of Medians

Median of sample 1: 85,0
Median of sample 2: 85,0

Mann-Whitney (Wilcoxon) W test to compare medians
Null hypothesis: medianl = median2

Alt. hypothesis: medianl NE median2

108




Prilohy

Average rank of sample 1: 9,41667
Average rank of sample 2: 11,6333

W =95 P-value = 0,460664
Do not reject the null hypothesis for alpha = 0,05.

The StatAdvisor

This option runs a Mann-Whitney W test to compare the medians of the two samples. This test is constructed by
combining the two samples, sorting the data from smallest to largest, and comparing the average ranks of the two samples
in the combined data. Since the P-value is greater than or equal to 0,05, there is not a statistically significant difference

between the medians at the 95,0% confidence level.
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7.11. GLM Model 1

General Linear Models

Number of dependent variables: 1
Number of categorical factors: 0
Number of quantitative factors: 12

A=A.Susina

B=A.N_latky

C=A.Vliknina

D=A.Tuk

E=A.BNLV

F=A.Popel

G=A.Skrob

H=A.Cukry

I=A.PH

J=AKVV

K=A.K_ mlé¢na

L=A.K_octova

Tabulka 7.21 Analysis of Variance for A.Konzervant _k

Source Sum of Squares  |Df |Mean Square |F-Ratio |P-Value
Model 3,43855 12 ]10,286546 2,58 0.1270
Residual 0,666716 6 0,111119

Total (Corr.) |4,10526 18

Tabulka 7.22 Type I1I Sums of Squares

Source Sum of Squares  |Df | Mean Square F-Ratio |P-Value
A.Suina 0,810019 1 0,810019 7,29 0,0356
AN_latky 0,000308455 1 0,000308455 0,00 0,9597
A.Vliknina 0,00565633 1 0,00565633 0,05 0,8290
A.Tuk 0,189037 1 0,189037 1,70 0,2399
A.BNLV 0,0363701 1 0,0363701 0,33 0,5880
A.Popel 0,0920219 1 0,0920219 0,83 0,3979
A.Skrob 0,040182 1 0,040182 0,36 0,5696
A.Cukry 0,785705 1 0,785705 7,07 0,0376
A.PH 0,697658 1 0,697658 6,28 0,0462
AKVV 0,0511624 1 0,0511624 0,46 0,5227
A K_ mlétnd 0,0421163 1 0,0421163 0,38 0,5607
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AK_octova 0,00000488594 1 0,00000488594 (0,00 00,9949
Residual 0,666716 6 0,111119
Total (corrected)  |4,10526 18

Tabulka 7.23 Expected Mean Squares

Source EMS
A.Sudina (13)+Ql1
AN_latky (13)+Q2
A Vlaknina (13)+Q3
A.Tuk (13)+Q4
A.BNLV (13)+Q5
A.Popel (13)+Q6
A.Skrob (13)+Q7
A.Cukry (13)+Q8
A.PH (13)+Q9
AKVV (13)+Q10
AK_mléna |(13)+Q11
A K octova (13)+Q12
Residual (13)

Tabulka 7.24 F-Test Denominators

Source Mean Square  |Denominator
A.Susina 6,00 0111119 (13)
AN latky 6,00 10,111119 (13)
A.Vldknina 6,00 10,111119 (13)
A.Tuk 6,00 10,111119 (13)
A.BNLV 6,00 10,111119 (13)
A.Popel 6,00 0111119 (13)
A.Skrob 6,00 |0,111119 (13)
A.Cukry 6,00 |0,111119 (13)
APH 6,00 |0,111119 (13)
AKVV 6,00 |0,111119 (13)
AK_mlénd (6,00 [0,111119 (13)

A K_octovd 6,00 [0,111119 (13)
7.11.1.  Variance Components
Source Estimate

Residual |0,111119

R-Squared = 83,7595 percent
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R-Squared (adjusted for d.f.) = 51 27584 percent
Standard Error of Est. = 0,333346
Mean absolute error = 0. [ 19785

Durbin-Watson statistic = 1,99591 (P=0,2628)

Tabulka 7.25 Residual Analysis
Estimation Validation
n 19

MSE 0,111119
MAE 0,149788

MAPE

ME -1,50537E-15
MPE

The StatAdvisor

This pane summarizes the results of fitting a general linear statistical model relating A.Konzervant k to 12 predictive
factors. Since the P-value in the first ANOVA table for A.Konzervant _k is greater or equal to 0,05, there is not a

statistically significant relationship between A.Konzervant k and the predictor variables at the 95,0% confidence level.

The second ANOVA table for A Konzervant k tests the statistical significance of each of the factors as it was entered
into the model. Notice that the highest P-value is 0,9949, belonging to L. Since the P-value is greater or equal to 0,05,
that term is not statistically significant at the 95,0% confidence level. Consequently, you should consider removing L
from the model. The R-Squared statistic indicates that the model as fitted explains 83,7595% of the variability in
A.Konzervant_k. The adjusted R-squared statistic, which is more suitable for comparing models with different numbers
of independent variables, is 51,2784%. The standard error of the estimate shows the standard deviation of the residuals to
be 0,333346. This value can be used to construct prediction limits for new observations by selecting the Reports option
from the text menu. The mean absolute error (MAE) of 0,149788 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based on the order in which
they occur in your data file. Since the P-value is greater than 0,05, there is no indication of serial autocorrelation in the

residuals.

The output also summarizes the performance of the model in fitting the data, and in predicting any values withheld from
the fitting process.
It displays:

(1) the mean squared error (MSE)

(2) the mean absolute error (MAE)

(3) the mean absolute percentage error (MAPE)

(4) the mean error (ME)

(5) the mean percentage error (MPE)
Each of the statistics is based on the residuals. The first three statistics measure the magnitude of the errors. A better
model will give a smaller value. The last two statistics measure bias. A better model will give a value close to 0. NOTE:

the MAPE and MPE were not calculated because the smallest data value was less than or equal to 0.

Tabulka 7.26 95,0% confidence intervals for coefficient estimates (A.Konzervant_k)
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Standard
Parameter Estimate Error Lower Limit Upper Limit V.IF.
CONSTANT -14,3433 21,2731 -81,0783 52,3918
A.Susina -0,00800561 0,00296512 -0,015261 -0,000750213  |4,64525
AN_latky 0,00148238 0,0281357 -0,0673633 0,0703281 7,31496
A.Vliknina -0,00537113  |0,0238064 -0,0636233 0,0528811 48,6035
A.Tuk -0,0555002 0,0425517 -0,159621 0,0486202 3,33859
A.BNLV 0,0146916 0,0256799 -0,0481449 0,0775282 73,4596
A.Popel 0,0304535 0,0334647 -0,0514318 0,112339 16,0408
A.Skrob -0,00280724 0,00466831 -0,0142302 0,00861572 8,63536
A Cukry -0,0122102 0,00459184 -0,023446 -0,000974307  |4,58782
A.PH 2,88889 1,15293 0,067754 5,71002 6,9387
AKVV 0,000357638 |0,000527064 |-0,000932044 0,00164732 6,82539
AK_ mlécna -0,00612997 0,00995699 -0,0304939 0,018234 7,94482
AK octova 0,000112064 [0,0169 -0,0412408 0,0414649 2,9684
The StatAdvisor

This table shows 95,0% confidence intervals for the coefficients in the model. The equation of the fitted model is

A Konzervant_k =-14,3433 - 0,00800561*A.Susina + 0,00148238*A N_latky - 0,00537113*A.Vldknina -
0,0555002*A. Tuk + 0,0146916*A.BNLV + 0,0304535*A.Popel - 0,00280724*A.Skrob - 0,01 22102*A.Cukry +
2,88889*A.PH + 0,000357638*A.KVV - 0,00612997*A.K_ mlééna + 0,000112064*A K _octova

Confidence intervals show how precisely the coefficients can be estimated given the amount of available data and the
noise which is present. Also included are variance inflation factors, which can be used to measure the extent to which the
predictor variables are correlated amongst themselves. VIF's above 10, of which there are 3, are usually considered to
indicate serious multicollinearity. Serious multicollinearity greatly increases the estimation error of the model

coefficients as compared with an orthogonal sample.
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7.12. Model 2

General Linear Models

Number of dependent variables: 1

Number of categorical factors: 0

Number of quantitative factors: 12

A=A Susina
B=A.N_latky
C=A.Vliknina
D=A.Tuk
E=A.BNLV
F=A.Popel
G=A.Skrob
H=A.Cukry
I=A.PH
J=AKVV
K=A.K_ mlécna
L=A.K_octova

Tabulka 7.27 Analysis of Variance for A.Konzervant_

Source Sum of Squares  |Df |Mean Square |F-Ratio |P-Value
Model 3,38162 11 10,30742 2,97 0.0793
Residual 0,723638 7 0,103377

Total (Corr.) |4,10526 18

Tabulka 7.28 Type III Sums of Squares

Source Sum of Squares  |Df | Mean Square F-Ratio  |P-Value
A.Susina 1,0175 1 1,0175 9,84 0,0164
AN_latky 0,0000248122 1 0,0000248122 0,00 0.9881
A.Vldknina 0,0210975 1 0,0210975 0,20 0,6651
A.Tuk 0,159408 1 0,159408 1,54 0,2543
A.BNLV 0,0256446 1 0,0256446 0,25 0,6337
A.Popel 0,075002 1 0,075002 0,73 0,4225
A Skrob 0,190845 1 0,190845 1,85 0,2164
A.Cukry 0,729412 1 0,729412 7,06 0,0326
A.PH 0,69323 1 0,69323 6,71 0,0360
AKVV 0,0107796 1 0,0107796 0,10 0,7562
AK_ mlééna*A.K_octovi 0,0085548 1 0,0085548 0,08 0,7819
Residual 0,723638 7 0,103377

Total (corrected) 4,10526 18
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Tabulka 7.29 Expected Mean Squares

Source EMS
A.Su$ina (12)+Q1
AN_latky (12)+Q2
A.Vldknina (12)+Q3
A.Tuk (12)+Q4
A.BNLV (12)+Q5
A.Popel (12)+Q6
A.Skrob (12)+Q7
A .Cukry (12)+Q8
APH (12)+Q9
AKVV (12)+Q10
A K_mlééna*A K _octova (12)+Q11
Residual (12)

Tabulka 7.30 F-Test Denominators

Source Df Mean Square | Denominator
A.Susina 7,00 10,103377 (12)
AN_latky 7,00 10,103377 (12)
A.Vldknina 7,00 ]0,103377 (12)
A.Tuk 7,00 10,103377 (12)
ABNLV 7,00 0,103377 (12)
A.Popel 7,00 ]0,103377 (12)
A.Skrob 7,00 |0,103377 (12)
A.Cukry 7,00 10,103377 (12)
APH 7,00 |0,103377 (12)
AKVV 7,00 10,103377 (12)
AK_mléénd*AK_octova 7,00 0,103377 (12)

T.12.1.
Source Estimate
Residual |0,103377

R-Squared = 82.3729 percent

R-Squared (adjusted for d.f.) =

Variance Components

54,6732 percent

Standard Error of Est. = 0.321523

Mean absolute error = (), 136583

Durbin-Watson statistic = 2,07358 (P=0,2831)

Tabulka 7.31 Residual Analysis

l |Eslimaﬁ0n

Validation
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n 19

MSE 0,103377
MAE 0,15683
MAPE
ME 1,62881E-16
MPE

The StatAdvisor
This pane summarizes the results of fitting a general linear statistical model relating A.Konzervant_k to 12 predictive
factors. Since the P-value in the first ANOVA table for A.Konzervant k is greater or equal to 0,05, there is not a

statistically significant relationship between A.Konzervant_k and the predictor variables at the 95,0% confidence level.

The second ANOVA table for A.Konzervant k tests the statistical significance of each of the factors as it was entered
into the model. Notice that the highest P-value is 0,9881, belonging to B. Since the P-value is greater or equal to 0,05,
that term is not statistically significant at the 95,0% confidence level. Consequently, you should consider removing B
from the model. The R-Squared statistic indicates that the model as fitted explains 82,3729% of the variability in

A Konzervant_k. The adjusted R-squared statistic, which is more suitable for comparing models with different numbers
of independent variables, is 54,6732%. The standard error of the estimate shows the standard deviation of the residuals to
be 0,321523. This value can be used to construct prediction limits for new observations by selecting the Reports option
from the text menu. The mean absolute error (MAE) of 0,15683 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based on the order in which
they occur in your data file. Since the P-value is greater than 0,05, there is no indication of serial autocorrelation in the

residuals,

The output also summarizes the performance of the model in fitting the data, and in predicting any values withheld from
the fitting process.
It displays:

(1) the mean squared error (MSE)

(2) the mean absolute error (MAE)

(3) the mean absolute percentage error (MAPE)

(4) the mean error (ME)

(5) the mean percentage error (MPE)
Each of the statistics is based on the residuals. The first three statistics measure the magnitude of the errors. A better
model will give a smaller value. The last two statistics measure bias. A better model will give a value close to 0. NOTE:

the MAPE and MPE were not calculated because the smallest data value was less than or equal to 0.

Tabulka 7.32 95,0% confidence intervals for coefficient estimates (A.Konzervant_k)

Standard
Parameter Estimate Error Lower Limit Upper Limit VK.LE.
CONSTANT -9,90726 24,962 -68,9331 49,1186
A.Suina -0,00849139 0,0027066 -0,0148915 -0,00209129  [4,16045
AN_latky 0,000415516 0,0268205 -0,063005 0,063836 7,1449
A.Vliknina -0,00996636 0,0220614 -0,0621334 0,0422007 44,8657
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A.Tuk -0,0499325 0,0402105 -0,145015 0,0451505 3,20461
A.BNLV 0,0118056 0,023703 -0,0442431 0,0678544 67,2721
A.Popel 0,0258048 0,0302953 -0,0458324 0,0974419 14,1309
A.Skrob -0,00476189 0,0035047 -0,0130492 0,00352542 5,23153
A.Cukry -0,0117075 0,00440746 -0,0221295 -0,00128546  |4,54335
A.PH 2,70796 1,04572 0,235219 5,18069 6,13572
AKVV 0,00014096 0,000436522  |-0,000891254  [0,00117317 5,03246
AK_ mlééna*A.K_octova -0,0000417611  10,000145171 |-0,000385036 [0,000301514  [2,0972

The StatAdvisor

This table shows 95,0% confidence intervals for the coefficients in the model. The equation of the fitted model is

A.Konzervant_k = -9,90726 - 0,00849139*A . Sudina + 0,000415516*A.N_latky - 0,00996636*A.Vlaknina -
0,0499325*A . Tuk + 0,01 18056*A.BNLV + 0,0258048*A Popel - 0,00476189* A Skrob - 0,0117075*A.Cukry +
2,70796*A.PH + 0,00014096*A.KVV - 0,0000417611*A.K_ mlééna*A.K_octova

Confidence intervals show how precisely the coefficients can be estimated given the amount of available data and the
noise which is present. Also included are variance inflation factors, which can be used to measure the extent to which the

predictor variables are correlated amongst themselves. VIF's above 10, of which there are 3, are usually considered to

indicate serious multicollinearity. Serious multicollinearity greatly increases the estimation error of the model

coefficients as compared with an orthogonal sample.
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Graf 50
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7.13. Model 3

General Linear Models

Number of dependent variables: 1
Number of categorical factors: 0
Number of quantitative factors: 12

A=A Susina

B=A.N_latky

C=A.Vldknina

D=A.Tuk

E=A.BNLV

F=A.Popel

G=A .Skrob

H=A.Cukry

I=A.PH

J=AKVV
! K=A.K_ mlé¢na

L=A.K_octova

Tabulka 7.33 Analysis of Variance for A.Konzervant k

Source Sum of Squares  |Df |Mean Square |F-Ratio |P-Value
Model 3,02279 9 0,335865 2,79 0,0710
Residual 1,08248 9 0,120275
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Total (Corr.)  |4,10526 —[137 | l

Tabulka 7.34 Type I1l Sums of Squares

Source Sum of Squares  |Df |Mean Square |F-Ratio |P-Value
A.Susina*A.Vldknina*A.N_latky 0,66495 1 0,66495 5,53 0,0432
A.Tuk 0,194905 1 0,194905 1,62 0,2349
A.BNLV 0,0129201 1 0,0129201 0,11 0,7506
A.Popel 0,0972222 1 0,0972222 0,81 0,3920
A.Skrob 0,0274588 1 0,0274588 0,23 0,6442
A.Cukry 0,434411 1 0,434411 3,61 0,0898
A.PH 0.485504 1 0,485504 4,04 0,0754
AKVV 0,0252252 1 0,0252252 0,21 0,6578
AK_mlééna*A K octovd 0,048829 1 0,048829 0,41 0,5399
Residual 1,08248 9 10,120275

Total (corrected) 4,10526 18

Tabulka 7.35 Expected Mean Squares

Source EMS
A.SuSina*A.Vldknina*A.N_litky (10)+Q1
A.Tuk (10y+Q2
A.BNLV (10)+Q3
A.Popel (10)+Q4
A.Skrob (10)+Q5
A.Cukry (10)+Q6
APH (10)+Q7
AKVV (10)+Q8
AK_mlééna*A K_octovi (10)+Q9
Residual (10)

Tabulka 7.36 F-Test Denominators

Source Df Mean Square | Denominator
A.SuSina*A Vldknina*AN_latky 9,00 [0,120275 (10)
A.Tuk 9,00 (0,120275 (10)
A.BNLV 9,00 [0,120275 (10)
A Popel 9,00 ]0,120275 (10)
A.Skrob 9,00 (0,120275 (10)
A.Cukry 9,00 (0,120275 (10)
A.PH 9,00 (0,120275 (10)
AKVV 9,00 10,120275 (10)
AK_mlééna*A K_octovd 9,00 10,120275 (10)
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7.13.1.  Variance Components

Source Estimate

Residual |[0,120275

R-Squared = 73,632 percent

R-Squared (adjusted for d.f.) = 47,26 percent
Standard Error of Est. = 0346807

Mean absolute error =0.192673

Durbin-Watson statistic = 2,06986 (P=0,2487)

Tabulka 7.37 Residual Analysis

Estimation Validation

n 19

MSE 0,120275

MAE 0,192673

MAPE

ME 2,35192E-16
MPE

The StatAdvisor

This pane summarizes the results of fitting a general linear statistical model relating A Konzervant k to 12 predictive
factors. Since the P-value in the first ANOVA table for A.Konzervant k is greater or equal to 0,05, there is not a

statistically significant relationship between A.Konzervant k and the predictor variables at the 95,0% confidence level.

The second ANOVA table for A.Konzervant k tests the statistical significance of each of the factors as it was entered
into the model. Notice that the highest P-value is 0,7506, belonging to E. Since the P-value is greater or equal to 0,05,
that term is not statistically significant at the 95,0% confidence level. Consequently, you should consider removing E
from the model. The R-Squared statistic indicates that the model as fitted explains 73,632% of the variability in
A.Konzervant k. The adjusted R-squared statistic, which is more suitable for comparing models with different numbers
of independent variables, is 47,264%. The standard error of the estimate shows the standard deviation of the residuals to
be 0,346807. This value can be used to construct prediction limits for new observations by selecting the Reports option
from the text menu. The mean absolute error (MAE) of 0,192673 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based on the order in which
they occur in your data file. Since the P-value is greater than 0,05, there is no indication of serial autocorrelation in the

residuals.

The output also summarizes the performance of the model in fitting the data, and in predicting any values withheld from
the fitting process.
It displays:

(1) the mean squared error (MSE)

(2) the mean absolute error (MAE)

(3) the mean absolute percentage error (MAPE)
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(4) the mean error (ME)
(5) the mean percentage error (MPE)
Each of the statistics is based on the residuals. The first three statistics measure the magnitude of the errors. A better

model will give a smaller value. The last two statistics measure bias. A better model will give a value close to 0. NOTE:

the MAPE and MPE were not calculated because the smallest data value was less than or equal to 0.

Tabulka 7.38 95,0% confidence intervals for coefficient estimates (A.Konzervant_k)

Standard

Parameter Estimate Error Lower Limit Upper Limit K.LE.
CONSTANT -5,5924 8,79337 -25,4844 14,2996
A.Susina*A.Vldknina*A.N_latky -3,90219E-7 1,65959E-7 -7,65645E-7 -1,47918E-8 3,88319
A.Tuk -0,0528245 0,0414965 -0,146696 0,0410473 2,93337
A.BNLV 0,00262106 0,0079971 -0,0154697 0,0207118 6,58176
A.Popel 0,0191154 0,0212612 -0,0289809 0,0672116 598193
A.Skrob -0,00137671 0,00288131 -0,00789469 0,00514127 3,03917
A.Cukry -0,00806705 0,00424475 -0,0176694 0,00153526 3,62202
APH 2,12095 1,05566 -0,267113 4,50902 5,37438
AKVV 0,000208547 0,000455381  |-0,000821599  [0,00123869 4,70722
AK_mlééna*A K_octova -0,0000920704  [0,0001445 -0,000418954  [0,000234813  |1,78594

The StatAdvisor

This table shows 95,0% confidence intervals for the coefficients in the model. The equation of the fitted model is

A.Konzervant_k =-5,5924 - 3 90219E-7*A Susina*A.Vldknina* A.N_latky - 0,0528245*%A Tuk + 0,00262106*A.BNLV
+0,0191154*A Popel - 0,00137671*A.Skrob - 0,00806705* A.Cukry + 2,12095*A.PH + 0,000208547*A.KVV -
0,0000920704*A. K_ mlééna*A.K_octova

Confidence intervals show how precisely the coefficients can be estimated given the amount of available data and the
noise which is present. Also included are variance inflation factors, which can be used to measure the extent to which the
predictor variables are correlated amongst themselves. VIF's above 10, of which there are 0, are usually considered to
indicate serious multicollinearity. Serious multicollinearity greatly increases the estimation error of the model

coefficients as compared with an orthogonal sample.
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7.14. Model 4

General Linear Models

Number of dependent variables: 1
Number of categorical factors: 0
Number of quantitative factors: 12

A=A_Sudina

B=A.N_litky

C=A.Vliknina

D=A.Tuk

E=A.BNLV

F=A.Popel

G=A.Skrob

H=A.Cukry

I=A.PH

J=AKVV

K=AK_mlécna

L=A.K_octova

Tabulka 7.39 Analysis of Variance for A.Konzervant k

Source Sum of Squares  |Df |Mean Square |F-Ratio |P-Value

Model 3,06036 7 0,437194 4,60 0,0124

Residual 1,0449 11 10,0949912

Total (Corr.)  |4,10526 18

Tabulka 7.40 Type III Sums of Squares

Source Sum of Squares  |Df |Mean Square |F-Ratio |P-Value
A.Susina*A.Vlaknina*A.N_latky 1,02198 1 1,02198 10,76 0,0073
A.BNLV 0,0388255 1 0,0388255 0,41 0,5357
A.Popel 0,0884662 1 0,0884662 0,93 0,3553
A.Skrob*A.Cukry“‘A.Tuk 1,46625 1 1,46625 15,44 0,0024
A.PH 0,656786 1 0,656786 6,91 0,0234
AKVV 0,00532286 1 0,00532286 0,06 0.8172
AK_mlééna*A K _octova 0,0158454 1 0,0158454 0,17 0,6908
Residual 1,0449 11 ]0,0949912

Total (corrected) 4,10526 18

Tabulka 7.41 Expected Mean Squares

Source EMS
A.Sudina*A.Vldknina*A.N_latky (8)+Ql1
A.BNLV (8)+Q2
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A.Popel (8)+Q3
ASkrob"‘A.Cukry*A.Tuk (8)+0Q4
A.PH (8)+Q5
AKVV (8)*+Q6
AK_mlééna*A.K_octova (8)+Q7
Residual (8)

Tabulka 7.42 F-Test Denominators

Source Df Mean Square | Denominator
A.Sudina*A.Vlaknina*A.N_latky 11,00 ]0,0949912 (8)
A.BNLV 11,00 ]0,0949912 (8)
A.Popel 11,00 0,0949912 (8)
A.Skrob*A.Cukry*A.Tuk 11,00 |0,0949912 (8)
A.PH 11,00 [0,0949912 (8)
AKVV 11,00 [0,0949912 (8)
AK_ mlééna*A K _octova 11,00 [0,0949912 (8)

7.14.1.  Variance Components

Source Estimate

Residual [0,0949912

R-Squared = 74.5472 percent

R-Squared (adjusted for d.f.) = 5835 percent
Standard Error of Est. = 0.308206

Mean absolute error = 0. 88655

Durbin-Watson statistic = 1,84847 (P=0,1533)

Tabulka 7.43 Residual Analysis

Estimation Validation

n 19
MSE 0,0949912
MAE 0,188655

MAPE

ME -4,82071E-17
MPE

The StatAdvisor

This pane summarizes the results of fitting a general linear statistical model relating A.Konzervant_k to 12 predictive
factors. Since the P-value in the first ANOVA table for A.Konzervant k is less than 0,05, there is a statistically

significant relationship between A.Konzervant_k and the predictor variables at the 95,0% confidence level.
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The second ANOVA table for A.Konzervant k tests the statistical significance of each of the factors as it was entered
into the model. Notice that the highest P-value is 0,8172, belonging to J. Since the P-value is greater or equal to 0,05,
that term is not statistically significant at the 95,0% confidence level. Consequently, you should consider removing J
from the model. The R-Squared statistic indicates that the model as fitted explains 74,5472% of the variability in
A.Konzervant_k. The adjusted R-squared statistic, which is more suitable for comparing models with different numbers
of independent variables, is 58,35%. The standard error of the estimate shows the standard deviation of the residuals to
be 0,308206. This value can be used to construct prediction limits for new observations by selecting the Reports option
from the text menu. The mean absolute error (MAE) of 0,188655 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based on the order in which
they occur in your data file. Since the P-value is greater than 0,05, there is no indication of serial autocorrelation in the

residuals.

The output also summarizes the performance of the model in fitting the data, and in predicting any values withheld from
the fitting process.
It displays:

(1) the mean squared error (MSE)

(2) the mean absolute error (MAE)

(3) the mean absolute percentage error (MAPE)

(4) the mean error (ME)

(5) the mean percentage error (MPE)
Each of the statistics is based on the residuals. The first three statistics measure the magnitude of the errors. A better
model will give a smaller value. The last two statistics measure bias. A better model will give a value close to 0. NOTE:

the MAPE and MPE were not calculated because the smallest data value was less than or equal to 0.

Tabulka 7.44 95,0% confidence intervals for coefficient estimates (A.Konzervant k)

Standard

Parameter Estimate Error Lower Limit Upper Limit VLE.
CONSTANT -6,79301 6,96313 -22,1188 8,53278
A.SuSina*A.Vldknina*A.N_latky -3,89069E-7 1,18617E-7 -6,50143E-7 -1,27994E-7  |2,51172
A.BNLV 0,00420671 0,00658 -0,0102758 0,0186892 5,64185
A Popel 0,0176572 0,0182968 -0,0226139 0,0579284 5,60932
A.Skrob*A _Cukry*A. Tuk -8,94944E-7 2,27789E-7 -0,00000139631  [-3,93583E-7 1,72026
A.PH 1,71527 0,652324 0,279516 3,15103 2,59838
AKVV 0,0000831127 0,000351105  [-0,000689665 0,00085589 3,54307
AK_mlééna*A.K_octova -0,0000506587  |0,000124035 |-0,000323659 0,000222341 |1,66614

The StatAdvisor

This table shows 95,0% confidence intervals for the coefficients in the model. The equation of the fitted model is

A Konzervant k =-6,79301 - 3,89069E-7*A Sudina*A . Vlaknina*A.N_latky + 0,00420671*A.BNLV +
0,0176572*A.Popel - 8,94944E—7*A.Skrob*A.Cukry*A.Tuk +1,71527*A.PH + 0,0000831127*A.KVV -
0,0000506587*A. K_ mlééna*A.K_octova
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Confidence intervals show how precisely the coefficients can be estimated given the amount of available data and the
noise which is present. Also included are variance inflation factors, which can be used to measure the extent to which the

predictor variables are correlated amongst themselves. VIF's above 10, of which there are 0, are usually considered to

indicate serious multicollinearity. Serious multicollinearity greatly increases the estimation error of the model

coefficients as compared with an orthogonal sample.
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A.gkrob*A.Cukry*A.Tuk (8)+Q4
A.PH (8)y+Q5
AKVV (8)+Q6
AK_mlééna*A. K octova (8)+Q7
Residual (8)

Tabulka 7.48 F-Test Denominators

Source Df Mean Square | Denominator
A.Sudina*A. Vldknina 11,00 10,0812094 (8)
AN_latky 11,00 0,0812094 (8)
A.BNLV*A Popel 11,00 [0,0812094 (8)
A.Skrob*A.Cukry*A.Tuk 11,00 [0,0812094 (8)
A.PH 11,00 (0,0812094 (8)
AKVV 11,00 10,0812094 (8)
AK_mlééna*A K _octova 11,00 0,0812094 (8)

7.15.1.  Variance Components

Source Estimate

Residual [0,0812094

R-Squared = 78.2401 percent

R-Squared (adjusted for d.f.) = 64.392% percent
Standard Error of Est. = (.284973

Mean absolute error = (.| 79521
Durbin-Watson statistic = 1,8221 (P=0,1351)

Tabulka 7.49 Residual Analysis

Estimation | Validation

n 19

MSE 0,0812094
MAE 0,179821

MAPE

ME 6,245E-17
MPE

The StatAdvisor

This pane summarizes the results of fitting a general linear statistical model relating A.Konzervant k to 12 predictive
factors. Since the P-value in the first ANOVA table for A.Konzervant k is less than 0,05, there is a statistically

significant relationship between A Konzervant_k and the predictor variables at the 95,0% confidence level.
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The second ANOVA table for A.Konzervant k tests the statistical significance of each of the factors as it was entered
into the model. Notice that the highest P-value is 0,9518, belonging to J. Since the P-value is greater or equal to 0,05,
that term is not statistically significant at the 95,0% confidence level. Consequently, you should consider removing J
from the model. The R-Squared statistic indicates that the model as fitted explains 78,2401% of the variability in
A.Konzervant k. The adjusted R-squared statistic, which is more suitable for comparing models with different numbers
of independent variables, is 64,3928%. The standard error of the estimate shows the standard deviation of the residuals to
be 0,284973. This value can be used to construct prediction limits for new observations by selecting the Reports option
from the text menu. The mean absolute error (MAE) of 0,179821 is the average value of the residuals. The Durbin-
Watson (DW) statistic tests the residuals to determine if there is any significant correlation based on the order in which
they occur in your data file. Since the P-value is greater than 0,05, there is no indication of serial autocorrelation in the

residuals,

The output also summarizes the performance of the model in fitting the data, and in predicting any values withheld from
the fitting process.
It displays:

(1) the mean squared error (MSE)

(2) the mean absolute error (MAE)

(3) the mean absolute percentage error (MAPE)

(4) the mean error (ME)

(5) the mean percentage error (MPE)
Each of the statistics is based on the residuals. The first three statistics measure the magnitude of the errors. A better
model will give a smaller value. The last two statistics measure bias. A better model will give a value close to 0. NOTE:

the MAPE and MPE were not calculated because the smallest data value was less than or equal to 0.

Tabulka 7.50 95,0% confidence intervals for coefficient estimates (A.Konzervant_k)

Standard

Parameter Estimate Error Lower Limit Upper Limit V.ILFE.
CONSTANT -3,02677 2,70147 -8,97268 291915
A.SuSina*A.Vldknina -0,0000386827 0,0000094735  1-0,0000595337 -0,0000178316  |3,95346
AN_latky -0,0119613 0,0111844 -0,0365781 0,0126555 1,58164
A.BNLV*A_ Popel 0,0000191257 0,0000151394  |-0,0000141959 0,0000524474 1,52003
A.Skrob*A.Cukry*A.Tuk -0,00000116537  [2,63699E-7 -0,00000174577  |-5,8497E-7 2,69665
A.PH 2,01925 0,626356 0,640646 3,39785 2,80218
AKVV -0,0000183079 0,000295986 -0,00066977 0,000633154 2,94528
AK_mlétna*A K _octova -0,0000132653 0,000117184 -0,000271187 0,000244656 1.73935

The StatAdvisor

This table shows 95,0% confidence intervals for the coefficients in the model. The equation of the fitted model is

A.Konzervant_k =-3,02677 - 0,0000386827*A.Sudina*A.Vldknina - 0,01 19613*A.N_latky +
0,0000191257*A.BNLV*A Popel - 0,00000116537*A.Skrob*A.Cukry*A Tuk + 2,01925*A PH -

0,0000183079*A.KVV - 0,0000132653*A.K_ mlé¢na*A.K_octova
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Confidence intervals show how precisely the coefficients can be estimated given the amount of available data and the
noise which is present. Also included are variance inflation factors, which can be used to measure the extent to which the
predictor variables are correlated amongst themselves. VIF's above 10, of which there are 0, are usually considered to
indicate serious multicollinearity. Serious multicollinearity greatly increases the estimation error of the model

coefficients as compared with an orthogonal sample.
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Plot of Fitted Model
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Graf 57 Aerobni stabilita pokus 5 — viechna méreni
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Graf 58 Aerobni stabilita pokus 5 — pritméry skupin
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