Table of content

1. INTRODUCTION 1
1.1. INVESTIGATION OF EFFECTS OF CHLORELLA VULGARIS IN ANIMAL NUTRITION..........ccc.cccovvviieeeiieeennnen. 5
1.2. INVESTIGATION OF EFFECTS OF CHLORELLA VULGARIS ON ANIMAL HEALTH .....c..cccccooteniinniinieniennennee. 5
1.3. INVESTIGATION OF EFFECTS OF CHLORELLA VULGARIS ON ANIMAL REPRODUCTION............ceccvueueenee. 6

2. LITERATURE OVERVIEW 7
2.1 TAXONOMY ..ottt ettt st ettt st et b et b e sa e b s et eae et e b b e sa s nesaeeas s ae e 7
2.2. MORPHOLOGY, PHYSIOLOGY AND OCCURRENCE ..........cc.ooiiiiiiiiiiitiie e et e et e e e eeeeeee e e e e e e eeaaeaeens 7
2.3. NUTRITIONAL VALUE OF GREEN MICRO-ALGAE PROTEIN AS ESTABLISHED IN ANIMAL STUDIES............ 9

2.3.1. Toxicology and safety of micro-algae in animal studies .......................cccccoeveeeeeiiecieeeiieaeieaineenns 24

2.4. PHYSIOLOGICAL EFFECTS OF CHLORELLA VULGARIS ..........cccccveteeiiiniiniininteteeeeienaesienesaeeeenenaenaenes 27
2.4.1. Anti-tumor and immune-modulating ACHIVILY ...................ccoeveeriecieeieeeieseeneeneesre e seesseesseeseensens 27
2.4.2. Other aspects of Chlorella vulgaris ACHIVILIES.....................c.cccveeueeeeeeceeeiesieseeneesee e seeseesseeseensens 35
2.4.3. Effect of Chlorella vulgaris and other micro-algae on reproduction system.................................. 42

3. MATERIALS AND METHODS 46

3.1. EXPERIMENT 1 — EVALUATION OF EFFICACY OF NOVEL TECHNOLOGICAL PROCESSING OF MICRO-ALGAE

USING NITROGEN BALANCE STUDIES IN RATS........cucouiuiiiiiiiiiii ettt sttt ettt s et e e et s e et s e e enes 46
3.1.1. CRIOTEIlA VUIGATTS ..............ooceeeeieeeeeeieeeeeetee et e e te e s teeeae e s veesbe e s beesaseessbaessseesssaessseesssanasseenes 46
3.1.1.1 Cultivation of CRIOrella VUIGATIS .................cccoocueviiiiiiiiiiiiiieieeeeeet ettt sttt 46
3.1.1.2. TECHNICAL PROCESSING - ELECTROPORATION 47
3.1.1.2. Technical processing — electroporation.................ccocooiiiiiiiriiiiiiiieeet ettt 47
3.1.1.3. Technical processing — UlFASOMICALION......................ccoecueeeeceeseeeienieerenieetesiessesseetessessessesssensesssensesnsenes 47
3.1.1.4. Composition of Chlorella vulGaris......................c.ccccccoiuiiiiiiiniiiiieiiiienee et 47
3uL.20 ARBIGLS ...ttt bbbttt bbbttt ae b 49
3.1.3. Experimental protocol (grouping, diets, SAMPIING) ...............cccccoevueeeeieiiieiiieiiieeieeeieeeae e sene e 51
3eL.d. ATLALYSES ...ttt ettt e e st e e st e et e e be e aae e s beeaabeesbeeeabeeatbaeasteearbaeanaeesrbeeantaeans 52
3.1.5. NULTIHONAL PATAIMELETS .............c..ooeeeeeeenieeeieeeieeeieeeeiteeeeeestaeeeteeestaeesate e taeessseessseessseessseensseesssaensseens 53
uLo6. SEALISTUCS ...ttt ettt ettt e bttt e bt e e e s st e e bt e sbe e bt e bt et e eateeaeeeneenaeens 56

3.2. EXPERIMENT 2 — EVALUATING OF EFFECT OF FEEDING SPRAY-DRIED MICRO-ALGAE TO RATS ON BLOOD

BIOCHEMICAL PARAMETERS ......c..ocuuiiiiiiiiiiiiiiiiiii ittt et ettt e ta st eatssaa s aasseaa e taeetaaesabssanssersseansetasesanees 57
32010 ARIGLS ...ttt bbbttt bbbttt 57
3.2.2. EXperimental ProtoCol ......................oocveeueecuieieiiieeiesiiesitesteeieeitessesaesseesseesseesesssesssesseenseenseensennsens 57
3.2.3. Blood collection and preparation for analysis.....................cccoeeevueeeveeeiiiiesiieeiiieeeeesieesaeesveeneneens 57
3.2.4. ATLALYSES ...ttt s et e et e e b e e abe ettt e abeesbaeeabeeatbaeasteearbaeanaeesnbaeanteeans 58
32,50 SEALISTUCS ...ttt ettt ettt ettt et e e e et e e bt e e bt e bt et e ettt eeaeeebeenaeens 58

3.3. EXPERIMENT 3 — NITROGEN BALANCE STUDY AND FEEDING TRIAL UNDERTAKEN TO MEASURE PROLONGED
EFFECT OF MICRO=ALGAE ON RATS..........vvveeeeeeeeeeieeeeeeeeeeeetiaeeeee e e e eeetiaaeeeeeeeeeesaaaeaeeeseeesiarasseseeeeenistasseeeeeennnnees 59

3.3.1. Animals and Protocol.........................ccoeceeecuiiieeiieeieecie ettt esae st re et et reensaetaens 59



3.3.2. SAMPIES ...ttt et ettt ettt et et e sbe et e ae e st ebeenbeenseentennreas 59

R G B 777 4 X USRS 61
3.3.4. Histological eXAMINALION....................coocueeeuieeeeeieeiesiieniteteeieetesaesaesseesseesseesesssesssesseenseenseensennsens 62
3.3.50 SEALISTUCS ...ttt ettt ettt et sttt e b e et ettt 62

3.4. EXPERIMENT 4 — EFFECT OF FEEDING CHLORELLA VULGARIS ON REPRODUCTIVE AND GROWTH

PARAMETERS OF MICE ...........c..couuiiiiiiiiiiiiiii it et et e et s b e b e b e e b e tb e eaa e e aa e saaeeaeees 63
3.4.1. CoOmPOSIION Of AIELS .............oocueeiiaeieiieieeee ettt ettt ettt sbe ettt ettt sae e b enaeens 63
3ed.3. SAMPIING ...ttt ettt ettt st e bttt et ettt e it e aeenaeens 67
3044 ATLALYSES ...ttt ettt ettt at et et e et et e et e e st e ree st e seenseenbeenteesaenseenseens 67
3ed.5. SEQLISHCS ... e e 68

3.5. EXPERIMENT 5 — BALANCE STUDY FOR MEASUREMENT OF INFLUENCE OF MICRO-ALGAL

SUPPLEMENTATION ON NUTRIENTS DIGESTIBILITY AND UTILIZATION IN MICE. ..........ccccceeuveuiiuieianeeeneneennennnns 68
3501 DL ...ttt h et a et et eete ekt eae st ent et et e eteeteeaeeneente s eneeaeenes 68
U511 NAETEE QL ...ttt bttt b ettt ettt 68

3520 AREIGLS ...ttt e bbbt e 69
3.5.3. EXperimental ProtoCol .......................ocveeueeeuieeiiiieeiesieeniiesteeteetesvesiaesseesseesseesesssesssesseesseensaenseensens 69

3.5.4. ATLALYSES ...ttt ettt ettt ettt et e et e et e et e e ateertenae e beenseenbeasteenaenseenseens 70
3.5.5. NULTIHONAL PATAMELETS ..............ceveeeeieenieeieeieeteeeesteestteteesseestesesessaesseesseesseesseassesssesssenseenseensennsens 70

3.5.6. STALISTICS ......c..ooeeeveeeeveeeiee ettt e e et e st e e e ae e s abeesabeessbeeasbeessbaessseesssaassseesssaessseesssaensseessseeansennns 71

4. RESULTS 72

11

4.1. EXPERIMENT 1 — EVALUATION OF EFFICACY OF NOVEL TECHNOLOGICAL PROCESSING OF MICRO-ALGAE
IN NITROGEN BALANCE STUDY ON RATS ........c.ooccveiveiueeiieeiteeeteeteateeeteesseesseeseessesasesseesseansesssesssesssasssesssenseensesnnas 72
4.2. EXPERIMENT 2 — EVALUATING OF FEEDING SPRAY-DRIED MICRO-ALGAE TO RATS ON BLOOD
BIOCHEMICAL PARAMETERS ...........cccveiteetieteeiteeteesteesseesesssesstesseassaasseasseassesssesseessesssesssesssesssensesnsenssenssenseensens 75

4.3. EXPERIMENT 3 — NITROGEN BALANCE STUDY AND FEEDING TRIAL UNDERTAKEN TO MEASURE PROLONGED

EFFECT OF MICRO=ALGAE ON RATS.......cuouniiiiiii ittt ettt ettt ettt e s et s e et e e ea s e st s e eaenes 76
4.3.1. Feed and water intake, weight gain, urine production and protein efficiency ratio ...................... 76
4.3.2. N-balance and nutritional DArAMELErs........................cccueeeeeeeeeeiieeeieesieeseeesreesaeesaeessaeessseessseens 79
4.3.3. INEEINAL OFAILS ... et s e e te e s teestae e st eesabe e s sbaessbeessbaessseesssaessseesssaennseenns 82
4.3.4. Allantoin and Uric ACIM ........................cccooceeuiiiiniiniiiiiiiieeeeee ettt sttt 85
4.3.5. Biochemical BloOd PATAMELETS .......................c.cccueeeeeeesiieieeieeieeiesaeseesseesseeseesesssesseesseesseenseensens 89
4.3.6. HEMQAIOIOZY .............c.oooeeeeeeeeeeeieeieeieeieeteetestesaeesteetesstesssesseesseessaesseansesssesssesseesseenseansenssesssanseenseens 91
4.3.7. HISTOIOZY ...ttt ettt ettt s e ae e be st essaessaesseenseessaassesssesseesseenseenseanseassenssansaenseens 93

4.4. EXPERIMENT 4 — EFFECT OF FEEDING ON C. VULGARIS ON REPRODUCTION AND GROWTH OF MICE....... 95
4.4.1. Growth gain Of fEMales.....................cccooooiiiiiiiiiiiiiiiet ettt 95
o2, LEHET'S ...ttt ettt ettt ettt e a e bt ekttt et e et e ehte bt e ebe e bt et e et e eateeaeeeneenbeens 96
God.3. FOIUSES ...ttt ettt et e h ettt et e a e he e bt e bt ettt eat e bt et e b e e beenaes 100
4.4.4. Blood and Serum QRALYZES ...................c...cooceeveeeiesiieiieieeieeieseesieestesaesresste e e steesseentessaesnaenaeens 101
4.4.5. INEEIIAL OFGANLS ...ttt ettt ettt e et essbe s st e seesseesseassesssensaenseensenssenssesneas 104



4.5. EXPERIMENT 5 — FEEDING TRIAL FOR MEASUREMENT OF INFLUENCE OF MICRO-ALGAL

SUPPLEMENTATION ON FEED’S CRUDE COMPONENTS DIGESTIBILITY. ............c...cccccoueeeiiiveeeeeeeeesiiireeeeeeeeeneinnns 106

5. DISCUSSION 109

5.1. EVALUATION OF EFFICACY OF NOVEL TECHNOLOGICAL PROCESSING OF MICRO-ALGAE IN NITROGEN

BALANCE STUDY ON RATS ......cuuouniiiiiiiet ettt ettt ettt ettt et sttt a et et s e ettt et et sanetaseneaeneeanennss 109
5.2. INFLUENCE OF C. VULGARIS ON ANIMALS PHYSIOLOGICAL PARAMETERS ..............ccooooeceueeeecceeaeeceeaen, 118
5.2.1. Metabolic and hematological PATAMELErsS ........................cccuueecueeecieeeirieeciieecieeeeieeecieeeeeeeesreeseaeeaeas 118
5.2.1.1. Uric acid and allantoin ................ccccoiiiiiiiiiinineee ettt 118
5.2.1.2. Serum enzymes activities and serum total protein.....................c.....coi 120
5.2.1.3. Creatinine amd UIa................cccoovuiiriiiiiiiiiiiiiieie ettt 122
5.2.1.4. Hematological PATAIMELELS ..............cccueruieiieriieiietieieseiete et eteseeete et eteseeesaesseessesseenseeseessesseensesseensesseensas 122
5.2.1.4.1. Iron status of Pregnant MICE.............cccoecueriiiiiiiiiineiieeete ettt ettt sbe e beeaeens 124

5.2.1.5. INLEINAL OFANS.........cuiiiiiieiiiiieiecieetettete sttt et e e et e bt et esteeseebeesaessesseenseessenseestenseassensesseensenssenseensan 125
5.2.2. Effect of Chlorella vulgaris on reproduction........................cccccocceeviioiiiiniiniieiieeeeeeseeeeees 127

5.2.3. Influence of micro-algal supplementation on nutrients’ digestibility and utilization on mice.... 129

6. SUMMARY 130
7. ZUSAMMENFASSUNG 133
8. REFERENCE LIST 136
9. APPENDIX 151

111





