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ABSTRAK 

Pokok cili mudah dijangkiti oleh Frsarirun spp. dan mengakibatkan kerugian besar 
kepada tanaman cili di seluruh dunia. Oleh itu, kaedah yang sesuai diperlukan untuk 
mencegah dan mengurangkan jangkitan Fuscn"ium spp. menjangkiti pokok cili. Kajian 
ini mengkaji bakteria asid laktik (LAB) sebagai bio-kawalan terhadap Fusarium 
species pada tanaman cili. Sebanyak 21 LAB telah dipencilkan daripada sumber- 
surnber yang berbeza iaitu 14 dari tanah, 7 daripada penapaian cili dan 3 dari kultur 
ATCC. Empat Fusarrinn spp. telah dipencilkan daripada sumber berbez dan telah 
dikenalpasti sebagai Fusarium oxysporrnn t: sp. lycopersici, F. solani, F. acuminatrun 
dan F. proliferatum. Saringan menggunakan analisis dua lapisan menunjukkan 15 dari 
21 pencilan LAB merencat Fusarium spp. dengan zon perencatan 4.0-60.0 min 
selepas 48 jam eraman pada suhu 28°C. Supernatan L. acidophilus ATTCC314, L. 
plantartun ATCC8014 dan tiga pencilan LAB lain yang dikenalpasti sebagai 
Lactobacillus plantarurn 1-LAB MSS I (daripada tanah), Pediococcus pentosaceus 1- 
LAB MSS5 (daripada tanah) dan Lactobacillus plantaruml-LAB FF11 (daripada 
penapaian cili) menggunakan kit API dan l6rDNA penentuan genotip menunjukkan 
aktiviti antikulat yang kuat terhadap semua sasaran Fusarnun spesis. Supernatan dari 
lima pencilan LAB menunjukkan perencatan pertumbuhan miceliam terhadap semua 
Fusarium spp: terutama F. solani CS (daripada biji cili). Aktiviti antikulat daripada 
supernatan LAB dipengaruhi oleh rawatan enzini; aktiviti antikulat adalah dalam 
lingkungan . 7.44-86.83% bergantung kepada LAB dan Fusarium spp. Pepsin 
mengurangkan aktiviti antikulat supernatant LAB-CFS MSS 1, IDLAB6 dan FF11 
terhadap F. wgsporcnn f. sp. lycopersici- CL. Aktiviti antikulat adalah sangat ketara 
berkurang (P<0.05) dengan perubahan pH supernatan. Kehilangan aktiviti antikulat 
supematan LAB telah diperhatikan pada pH 6 hingga 9, berkurang pada pH 2 dan 5, 
tetapi tetap pada pH 3 dan 4. Pemanasan LAB-CFS pada suhu 80°C dan 90°C selama 
30 min dan 121 °C selama 15 min rnenyebabkan kehilangan aktiviti antikulat dalam 

supernatant MSS5, IDLAB6 dan LAB-FFI1 terhadap F. acrnninatum-FC, manakala 
LAB yang lain masih menunujukkan aktiviti antikulat (3.09-97.75%) selepas 72 jam 

eraman pada 30°C. Aplikasi LAB-CFS kepada biji benih sebelurn penyemaian 
mempertingkatkan percarnbahan kepada 97% tetapi tidak untuk benih yang dijangkiti 
kulat; di mana kadar percambahan menurun kepada 50%. Walaubagaimanapun, benih 

cili yang dirawat dengan supernatan LAB-FF11 dan sel-sel LAB-MSS1 menunjukkan 
kadar peningkatan percambahan yang ketara (P<0.05) kepada kira-kira 98% walaupun 
benih ditanam ke tanah yang dijangkiti kulat. Pemanjangan pucuk dan akar dengan 
ketara (P: 

50.05) 
diperhatikan apabila biji cili dirawat dengan CFS daripada LAB-FF11 

sebelum penyemaian dengan purata 11.60 ± 0.57 cm selepas 16 hari eraman dalam 
keadaan gelap. Pokok-pokok dirawat dengan sel LAB MSSI (kumpulan II) 

menunjukkan lebar kanopi 80.83 ± 10.51 cm, yang ketara (P<0.05) lebih tinggi 
berbanding lebar canopy pokok cili yang dirawat dengan sel LAB FFI I (kumpulan 
IV) dan kumpulan lain. Kehadiran F. solani CS di dalam tanah menyebabkan 
pertumbuhan tidak normal pada pokok cili (Group VI) dan ketinggian turnbuhan 
mencapai 143.67 ± 0.41 cm daripada pokok-pokok yang dirawat dengan sel-sel LAB 
dan kumpulan pokok chili terkawal. Pokok pokok yang dijangkiti F. solani CS 

menunjukkan peningkatan berat kering tumbuhan (77.32 g) dan kandungan air 
(77.03%) tetapi kurang daripada tumbuh-tumbuhan daripada kumpulan lain selepas 65 
hari. Produktiviti (bilangan buah-buahan/pokok) daripada pokok-pokok yang dirawat 
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dengan LAB FF11 (kumpulan IV) adalah ketara (P<0.05) lebih tinggi (56.33 f 
06.11cm) berbanding dengan kumpulan lain. Pertumbuhan pokok-pokok tanpa LAB 
atau kulat adalah lambat dan produktiviti adalah 2%, masing masing. Pokok-pokok 
yang menerima rawatan LAB MSSI (Kumpulan II), LAB MSS1 dan F. solani 
(kumpulan III), LAB FFI I (kumpulan IV), dan LAB FF11 dan F. solani (kumpulan 
VI) menghasilkan buah cili yang masak dan bertukar kepada merah dalarn masa 90 
hari, dan pertumbuhan pokok berterusan sehingga lebih dari 110 hari. 
Walaubagaimanapun, pokok yang dijangkiti F. solani (Group VI) mula menunjukkan 
kerosakan pokok selepas 52 hari. Kedua-dua Fusariunz species. dan L. plantarum 
(MSSI dan FF11) didapati bersifat endofitik dalam alam semula jadi. Rawatan benih 
dan tanah dengan LAB terpilih sama ada daripada sel atau supernatan menyebabkan 
pertumbuhan pesat pokok chili walaupun dengan kehadiran Fusarium spp. Oleh itu, 
kajian ini menunjukkan bahawa LAB terpilih L. plantarunz (MSS1 dan FF11) sama 
ada sel atau supernatan boleh digunakan sebagai bio-kawalan terhadap pokok cili 
yang dijangkiti Fusarium species. Perawatan benih atau tanah menggunakan LAB 
sama ada dalam bentuk sel atau supernatan dapat mempertingkatkan pertumbuhan 
pokok, meningkatkan produktiviti pokok cili dan juga menghalang pertumbuhan F. 

solani. 
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ABSTRACT 

Chilli plants are easily infected by Fusar-iu n species and cause enormous loss of food 
products as well as plants worldwide. Therefore, a suitable method is required for 
prevention and reduction of Fuscn-irun species affecting chilli plants. This research 
explored the possibility of using lactic acid bacteria (LAB) as bio-control against 
Fusarium species on chilli plants. A total of 21 LABs were isolated from different 
sources 14 from soil, 7 from fermented chilli fruits and 3 ATCC strains. Four 
Fusarium species were isolated from different plants parts and identified as Fusar-icun 
oxvsporum f. sp. lycopersici, F. solani, F. acwwninatunr and F. proliferation. Screening 
using dual overlay assay showed that 14 from 21 LAB isolates inhibited F-u. sar-iurn 
species with zone of inhibition 4.0 to 60.0 mm after 48 h incubation at 28°C. The 
supernatants of Lb. acidophilus ATCC314, Lb. plantarrun ATCC8014 and three other 
LAB isolates were identified as Lb. plantaruml-LAB MSS1 (isolated from soil), 
Pediococcus pentosaceusl-LAB MSS5 (isolated from soil) and Lb. plantaruml-LAB 
FF11 (isolated from fermented chilli fruits) using API Kit and 16rDNA genotypic 
identification showed strong antifungal activity against all targeted Fusariwn species. 
The supernatants of five LAB isolates showed mycelial growth inhibition against all 
Fusariran species especially F. solcrni CS (isolated from chilli seeds). The antifungal 
activity of the LAB supernatants was affected by enzyme treatment; the antifungal 
activity was in the range of 7.44 to 86.83% depending on LAB and Fusariwn species 
Pepsin reduced the antifungal activity of supernatants LAB-CFS MSS 1, IDLAB6 and 
FF11 against F. oxysporwn 1. sp. lycopersici- CL. The antifungal activity was 
significantly (P<0.05) reduced by pH of supernatant. Loss of antifungal activity of 
LAB supernatant was observed at pH 6 to 9, reduced at pH 2 and 5, but maintained at 
pH 3 and 4. Heating LAB-CFS at temperatures 80°C and 90°C for 30 min and 121 °C 
for 15 ruin resulted in loss of antifungal activity in MSS5, IDLAB6 and FF11 against 
F. acu, ninatum-FC, while other LAB maintained the antifungal activity (3.09 to 
97.75%) after 72 h incubation at 30°C. Application of LAB-CFS to seed prior to 
sowing enhanced seed germination by 97% but not for seeds infected with the fungi; 
the germination rate was reduced to 50.00%. However, chilli seeds treated with 
supernatant of LAB-FFI I and cells of LAB-MSSI significantly (P<0.05) increased 
the germination rate to about 98% even when the seeds were sowed in soils infected 

with the fungi. Significant shoot and root elongation was observed when the seeds 
were treated with CFS of LAB-FF 11 before sowing with an average of 11.60±0.57 cm 
after 16 day incubation in the dark. Plants treated with LAB MSS 1 (group II) showed 
broadest width canopy of 80.83±10.51 cm, significantly (P<0.05) higher compared to 
LAB FF1 I (group IV) and other groups. Inoculating F. solani-CS to soil resulted in 

abnormal growth of chilli plants (Group VI) and plant height reached 143.67±0.41 cm 
than plants treated with LAB cells and control plants. Fungi infected plants showed an 
increase in dry weight of plants (77.32 g) and the water content was 77.03% which 
was less than plants from others group after 65 days of transplanting. The productivity 
(number of fruits/plant) was significantly (P<0.05) higher (56.33±06.11) in plants 
treated with LAB FF 1I (group IV) compare to other groups. Growth of plants without 
LAB or fungi was slow and productivity was 2% per plant. Plants receiving treatments 
LAB MSS1 (groups II) LAB MSSI and F. solani (group III), LAB FF11 (group IV), 

and LAB FF11 and F. solarri (group VI) produced chilli fruits which ripened and 
turned to red within 90 d, and plant growth continued until more than 110 d. However, 
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plant infected with F. solani (Group VI) started to show plant death after 65 days. 
Both Fusarium species and the Lb. plantarum (MSS1 and FF11) LAB were found to 
be endophytic in nature. Treatment of seeds and soil with selected LAB either as cells 
or supernatant resulted in rapid growth of plants in the presence of Fusarium species 
Therefore, this study demonstrated that selected LAB either cells or their supernatants 
could be used as bio-control against Fusarium species infecting chilli plants. Treating 
the seeds or soil using LAB either cells or supernatants enhanced plant growth, 
improved the productivity of chilli plants and also suppressed the growth of F. solani. 



viii 

O.. LWI 

`LI, _ ýý, : ýº vJº ýºýI ý yý .. ,9 . ýý ýI j9; s11 ;.. 1 4+-, ýL. -: ü>s J31911 
: ytýJº ýý, )I jyýsll vlly äyl9su 4. Uý -)4 V J1ý1 21Lýº I. Lyi 

J, "D 
4, ý11 äýISoi1, sº,;, III ýt, t, ý (LAB)ýº 

21 L- t, yuS.., c. l-5, r- LW :, 14A 1 Lý- 7s ý`ýýº . rA 14--i1; ý 
ä°t;; ýtº üL; 1, Jl ýºyi ýyo Jý äýl JI ýý, ýº, yLill : I,, i 4i üYýk- 3 it J'sl11 

proli feratum. sºys lycoper siciuý .9 aill 'Ir- ý ý'lls 

91)% 1,,;; 11 
ýyLly ý jLSy ý1iSlll ýLý LytiSJ c5 91'11 kill a,.: i ý}: 

Iýäl 
. y991 J9as. el i&S.. l 

5t: ;: Itº l, ý ý ý:: 1 y11 a, y. o 28 aý, i ý ý_ ; tl yo aztý 48 ý ý[ o -Wt, aý- 31 A-,, jI ýla 
314 41 ý9u. 1 L,,: 1.. >4-al 

L4 ...:; CI týº Lr"L-1 ý L; ->:; -, ý, y8013 "e sl ý<L-vs=! ý' 

ý, Jsls11 _ts, r4 "º; ý Ps-_, -%t4 j-L-Iýs! <J v_)D L- s,;:: sSs4 ý, 
-)D 0- 

J 169 üý4 SI ý üi J 

ý. I, ýJ " üL, ýsll öýLýAII %LýAa. s11 Jý1911 )9i' J° `ý9 Y 011 üL, ý11 ý lyý ýL. ý o yý, üyýl sl ;, lll 

7.44 -ý1 86.83 

vý ,o ýýº ýIý, i1: ýý11 äýILasll ý; ýJI JýI ýsll tJý9 ý1ýLJ11 0ý-I-- vJ-X4 ý. ºýI I 

: 9ý 
,. 

sL1ý 
ýy qd- ^ý11 äý, ý ý, ýLv l Jýll üatti ýlyl ý) -°"9 ý =Li11 9 °' . y. Jx' IjLS9 

Ji ý1]I ýý oLý 
ä ýýll výý ý`SL1JIº ýýý l, ý ýý ý ül, ýU ýtý Iýtý Il ý jliý Jýý 

. 9-6 

JI ]-4e ý! ýýi ýý 15 'c-, -J°C 12 l 30 ý1 °ioC 90s°C 80 LAB-CFS ýý-, -D 
LAB -FC--i3. 'sA sls --ý-LAB-FF 1I sIDLAB6 ý MSS5,, ý 

L, 
J! LAB-CFS J, 4ý'C. 30 

, p-i 
ý-I-- 72 -ý ( X97,75 

,ý3,09) 
üL, ýI! ýL. iaIt '.; Yi 

. )s-? J L4 ý. 45 797 ; ý-4 J. ýs , 9iJl 
LAB-MSS I Lý: t&y LAB-FFI 1 Lý' ý7"9 . 

X50.00 
X98 3! 1A 41 ")º-)(p: S0.5) 

J, 's LAB-FF 1I Lr- vilixll 
ýI , 36-41 äA>d.. ºy ºo, yus aJlýý 

LAB MSS 1 ý7- äl oLý11 üaý1 üýi , ý: L); 11 ý ey 16 äl. v11 ýý0.57 ± 11.60 

LAB (p<0.5) 10.51 ± 80.83 ýyý ý ý9i (ý, t, ll : tiý. Jº( 

-J1 15,1 "n.., yJ! -CS ýy9-Y yly ý' 
, ý, I cL-] ý L'ýs (`''-'IjI `r-. s---IIFF11 ( 

L, ý11 ý Lýiý üaý1º L- ý-.,, 0.41 ± 143.67 ü1 oy üLýJi ýI%'ýIS (ä.. ýL. ll : ýýIº) Jýº IL"-. a 

(ýlyc 77.32) -, atoll "t-11 ýý s11 ý oýt, ý : ýL. ý]º ý, >, ýII ýýý11 ý, ýi y öý]ý,.. ]º üLIýsLAB 
ýºý ýý Lyvý 65 ý+ ý yi yý o ,So üatýJl ýr o J9i 

ý )IS 4ill9 Y. 77.03 výs PLpII 

(tA 
älot ý, Jl üatoll ý (06.11 ý 56.33) Iai (p<0.5) ýý Js.:, (. ýtu / ,t ailº ýs) ä, ýLiiýl ü, tSý 

,º LAB ýJs` üLA41 s-; L DU , ýyyl ýts y , ý1º %L,, ts o (äx, Ijº äL. y-. JºLAB FF 11 ( 

LAB MSSI ýsýl LAB MSS1 (ý: La11 üa7ýJl . ýý JS1 X2 : 4ý! , -,; ISS 

j--IILAB FF11 F. solani (y , (ä-I1ll Zrý. sý^lºLAB FF1 I( )UI21 Zr-s, -, A3IF. solani (. s 

. _, t41 yo., j 'eI, i 90 , ýs-°e- 
ý, 
j yýy1 ýslll ý! ülIs ; ". I. 

D 391911 tä, Iii! (ý, LjI 

->+I&ý 'J-L? (; ý ýL. JI äL y '""I) ýyyrý y19 ý? L ° a11 ýdo «s11ý ý, . 
I-ýs 110 

viFF1 I) LAB 
-9 plautarum Lb. (MSS1 >'ý9 . ̂ -441 ýsýsºsýI1 `. LS 

. 
I-°y- 52 `-: , _, t,: Jº ýs-0 



ix 

ý, y. ýll ýº ýJº ýýi `9L)- yi L L. -º )Li&º LAB t. '° L-)D9 ýsvJº äý1Lý 
.: 
iý1º ý ýºý ýyt; 

l, ýl Loº , LýI LAB 
`jl 

ä_.. I, ýll ýi, a ü}ýI cý1 
19 

. 
ä_, Lv11 Frsar7rrm 

ýII ülýLi11 äýlýl ä_D11 ýy , 11 ý. ý äýy1ý, I1 äýLSall ýýý ; vl ýySa . supenatants s jl j9 

äýLvl Lýý9 ýuL, i11 9ý supernatants 91 t, ý l. vt LAB pº)", . t, 
ý-, yL11 yl , -941 

. --IL- 

. uýy ý Jý1411 ýUl, iil 9º9 9°' L. -14 



X 

TABLE OF CONTENTS 

CONTENTS 
DECLARATION OF THESIS AND COPYRIGHT 
BIOA OF AUTHOR 
ACKNOWLEDGMENTS 
ABSTRAK 
ABSTRACT 

`yýLall 
TABLE OF CONTENT 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF APPENDICES 
LIST OF ABBREVIATION 

CHAPTER I: INTRODUCTION 

Objectives 

CHAPTER II: LITERATURE REVIEW 

Page 

ii 

iv 

vi 
viii 
x 

xviii 
xx 

xxii 
xxiii 

1 

5 

6 

2.1 Lactic acid bacteria 6 
2.2 Lactic acid bacteria have ability to control 7 

pathogenic fungi 
2.3 Factors influencing the inhibitory activity 8 

of LAB 
2.3.1 Effect of heat treatment on inhibitory 8 

activity of LAB metabolites 
2.3.2 Effect of pH on inhibitory activity of LAB 9 

metabolites 
2.3.3 Effect of enzymes on inhibitory activity of 10 

LAB substances 
2.4 Important antimicrobial metabolites 12 

produced by LAB 
2.4.1 Organic acids 12 
2.4.2 Carbon dioxide 13 
2.4.3 Hydrogen peroxide 14 
2.4.4 Hydroxyl fatty acids 14 
2.4.5 Lactic acid 15 
2.4.6 Diacetyl 16 
2.4.7 Phenolic compounds 16 
2.4.8 Antifungal proteinaceous compounds 17 
2.4.9 Phyto-hormones and nutritional substances 17 

production by LAB 
2.4.9.1 Phytohormones or plant regulators 17 
2.4.9.2 Nutritional substances or bio-fertilisers 18 
2.4.9.3 Phytohormones interaction in plants 19 

2.5 Antifungal activity of LAB 20 



X1 

2.6 Inhibition of mycotoxins biosynthesis with 20 
lactic acid bacteria 

2.7 Mechanisms of the inhibitory compounds 21 
produced by LAB strains 

2.8 Pathogenic fungi 23 
2.8.1 Mycotoxin compound produce by phyto- 23 

pathogenic fungi 
2.8.2 Fungal pathogenicity incidence on seeds 25 
2.8.3 Fungal pathogenicity incidence on plants 27 
2.8.4 Types of fungi pathogenicity and their 28 

effects on plant 
2.8.4.1 Fusarium o_ysporuin f. sp. lycopersici 30 
2.8.4.2 Fusarium solani 30 
2.8.4.3 Fusarium acuminatuiu 31 
2.8.4.4 Fusarlu n prollferatlan 31 
2.8.5 General life cycle of Fusarium species 32 
2.8.6 Morphological characteristics of fungi 34 

Fusarium species 
2.9 Control disease on plants 37 
2.10 Cultural performance 37 
2.11 Use of resistant cultivar 38 
2.12 Use of chemical against pathogens 39 
2.13 Use of bio-fungicides to control pathogens 40 
2.14 Biological control with microorganisms 41 

2.15 CHILLI 42 

2.15.1 History of chilli 42 
2.15.2 Effect of biological control against wilt 45 

disease on chilli 

CHAPTER III: ISOLATION, IDENTIFICATION OF LACTIC ACID 46 
BACTERIA AND DETERMINATION OF THEIR 
INHIBITORY ACTIVITY AGAINST Fusarium 
SPECIES. 

3.1 INTRODUCTION 

3.2 MATERIALS AND METHODS 

46 

50 

3.2.1 Isolation and characterization of lactic acid 50 
bacteria 

3.2.2 Determination of LAB growth in MRSB 51 
3.3 Isolation phyto-pathogenic fungi culture 51 

3.3.1 Preparation of spore suspensions of phyto- 52 
pathogenic fungi 

3.3.2 Measument of growth of phyto- 52 

pathogenic fungi in MEB and MRSB 
medium 



X11 

3.3.3 Microscopic observation of spores and 52 
mycelia 

3.4 Preparation of cells free supernatant (CFS) 53 
from LAB lactic acid bacteria 

3.5 Qualitative evaluation of antifungal 53 
activity of lactic acid bacteria against 
phyto-pathogenic fungi 

3.5.1 Dual overlay method 54 
3.5.2 Well diffusion method 54 
3.5.3 Inhibition on potato dextrose agar 55 

3.6 Quantitative evaluation of lactic acid 55 
bacteria antifungal activity against phyto- 
pathogenic fungi by different methods 

3.6.1 Dry method by LAB cells in MRSB 56 
3.6.2 Dry method by LAB supernatants in MEB 56 

3.7 Identification of LAB Isolates 57 
3.7.1 Phenotypic Identification of LAB Isolates 57 

using API CH 50 kit 
3.7.2 Genotypic Identification of LAB Isolates 57 

using polymerase chain reaction 
3.7.3 DNA extraction of LAB isolates 58 

Polyrnerase Chain Reaction of lactic acid 59 
3.7.4 bacteria 

3.8 Genotypic identification of fungi Fusarium 59 

species 
3.8.1 Total genomic DNA extraction 59 
3.8.2 PCR amplification 61 
3.8.3 Gel electrophoresis 62 
3.8.4 PCR products purification 63 
3.8.5 PCR product sequencing 63 

3.9 Data analysis 64 

3.10 RESULTS 64 

3.10.1 Isolates of Lactic acid bacteria 64 
3.10.2 Isolates of phytopathogenic fungi from 66 

different sources 
3.10.3 Growth of Phytopathogenic Fungi using 68 

different media 
3.10.4 Growth of selected LAB in MRSB 69 

3.10.5 Qualitative biomass inhibition of Fusar-ium 70 

species in different method 
3.10.5.1 Screening for antifungal activity of 70 

isolated LAB 
3.10.5.2 Antifungal Activity of LABs Cell Free 72 

Supernatants using well diffusion method 
3.10.5.3 Antifingal activity supernatant of lactic 74 

acid bacteria on fungal growth using potato 



x ill 

dextrose agar 
3.10.6 Quantitative biomass inhibition of 76 

Fusarium spp. in different medium 
4.10.6.1 Biomass inhibition in MRSB media with 76 

LAB cells 
4.10.6.2 Biornass inhibition in MEB media with 77 

LABs supernatants 
3.11 Identification of LAB Isolates 78 

3.11.1 Phenotypic identification using API 50 CH 78 
kit 

3.11.2 Genotypic Identification using 16s r-DNA 79 
3.12 Identification of Fusarium species using 81 

internal transcribed spacer 

3.13 DISCUSSION 

3.14 CONCLUSION 

82 

85 

CHAPTER IV: CHARACTERIZATION OF ANTIFUNGAL 87 
ACTIVITY OF LAB AND CELL FREE 
SUPERNATANT AGAINST PHYTO-PATHOGENS 
Fusarrunn SPECIES 

4.1 INTRODUCTION 

4.2 MATERIALS AND METHODS 

87 

91 

4.2.1 Detection of proteolytic activity on skim 91 

milk agar 
4.2.2 Lactic acid bacteria strains and culture 91 

conditions 
4.2.3 Preparation of skim milk agar and cultures 91 

4.3 Preparation of cells free supernatants of 92 
Lactic acid bacteria 

4.4 Titrimetric assay of lactic acid production 92 
by LAB isolates 

4.5 Micro titer plate assay 93 
4.5.1 Effect of LAB-CFS on growth of 93 

Fusarium species by micro titer plate 
assay 

4.5.2 Effect of heating treatments on antifungal 94 

activity of LAB-CFS 
4.5.3 Effect of pH treatments on antifungal 95 

activity of LAB-CFS 
4.5.4 Effect of enzymes treatments on 95 

antifungal activity of LAB-CFS 
4.5.5 Inhibitory activty of combined CFS of 96 

LAB isolates 
4.6 Data Analysis 97 



X1V 

4.7 RESULTS 

4.8 

97 

4.7.1 Extracellular Proteinase Activity 97 
4.7.2 Lactic acid in LAB-CFS by titrimetric 99 

assay 
Different factors effect on LAB-CFS 
against Fusarium species 

4.8.1 Effect of crude LAB-CFS on growth of 100 
Fusarium species 

4.8.2 Effect of heating treatment on antifungal 102 
activity of LAB-CFS 

4.8.3 Effect of pH treatment on antifungal 104 
activity of LAB-CFS 

4.8.4 Effect of enzymes treatments on antifungal 107 
activity of LAB-CFS 

4.8.5 Effect of combined LAB-CFS antifungal 109 
activity against Fusarium species 

4.9 DISCUSSIONS 

4.10 

111 

CONCLUSION 116 

CHAPTER V: IN VITRO STUDY OF LACTIC ACID BACTERIA 118 
ON GERMINATION OF CHILLI SEEDS 
INFECTED WITH Fusarium SPECIES 

5.1 

5.2 

INTRODUCTION 118 

MATERIAL AND METHODS 120 

5.2.1 In vitro assay in Petri Dish 120 
5.2.2 Preparation of LAB cells free supernatant 120 
5.2.3 Preparation of chilli seeds 121 
5.2.4 Preparation of Fusarium culture 122 
5.2.5 Effect of LAB and fungi Fusarium species 122 

on germination of chilli seeds 
5.2.6 Determination of seed gemination 123 

percentage of Fusarium infected chilli 
seeds and application of LAB-CFS applied 
on alternate day 

5.3 In vitro assay in plastic tray 123 

5.3.1 Effect of LAB cells treatment on chilli 123 
seeds germination 

5.3.2 Effect of LAB cells treatment on 125 
germination of fungi infected seeds 

5.3.3 Effect of LAB CFS on chilli seeds 125 
germination 



xvi 

6.3.4 Measurement of fruits pericarp thickness 163 
of chilli fruits 

6.3.5 Determination of fresh and dry weight of 163 
chilli fruits 

6.4 Confirmation of entophytic LAB and 163 
Fusarium species in treated chilli plants 

6.4.1 Confirmation of LAB-MSS1 and LAB- 163 
FF11 from different chilli plant parts 

6.4.2 Confirmation of F. solani-CS from 165 
different chilli plant parts 

6.5 Data analysis 166 

6.6 RESULTS 166 

6.6.1 Effect of cells of LAB and fungi on plant 166 
growth characteristics 

6.6.1.1 Effect of different treatments on plant 167 
canopy and plant height 

6.6.1.2 Effect of different treatments on length of 169 
shoot and root 

6.6.1.3 Effect of different treatments on fresh 172 

weight of plant, shoot and root 
6.6.1.4 Effect of different treatments on dry 174 

weight of plant, shoot and root 
6.6.2 Effect of LAB and fungi on chilli fruit 176 

characteristics 
6.6.2.1 Fruit and seed productivity of chilli plants 177 

given different treatments 
6.6.2.2 Effect LAB and fungi on fruit length and 180 

pericarp thickness 
6.6.2.3 Effect of LAB and fungi on weight of 183 

fresh and dry fruit of chilli 
6.7 Confirmation of LAB and fungi treated 185 

plant parts and soil 
6.7.1 Confirmation of both LAB isolates 185 
6.7.2 Confirmation of fungi F. solani-CS isolate 187 

6.8 DISCUSSION 189 

6.8.1 Effect of different treatments on plant 189 

canopy and plant height 
6.8.2 Effect of different treatments on length of 190 

shoot and root 
6.8.3 Effect of different treatments on fresh and 191 

dry weight of plant, shoot and root 
6.8.4 Effect of LAB and fungi on chilli fruit 193 

characteristics 
6.9 Confirmation on the presence of LAB and 194 

fungi in treated plant parts and soil 



xvii 

6.10 CONCLUSION 196 

CHAPTER VII: CONCLUSION AND RECOMMEDATIONS 197 

7.1 Conclusion 197 
7.2 Recommendations 200 

REFERENCES 202 
APPENDICES 236 
Appendix-A 236 
Appendix-B 237 
List of publications 238 



XV111 

LIST OF TABLES 

Page 
TABLE 1: The morphological characteristics of some vegetable crops 36 

Fusarium species 
TABLE 2: Botanical classification of commonly cultivated species of 43 

peppers 
TABLE 3: Polymerase chain reaction master mix 61 
TABLE 4: PCR cycling condition for the therm-ocycler 62 
TABLE 5: Characterization of Lactic acid bacteria catalase and Gram's 64 

stain test 
TABLE 6: Based on microscopic observation morphological characteristic 68 

of phyto-pathogenic fungi compared to previous researchers as 
Fusarium species 

TABLE 7: Growth of fungi in MRSB and MEB measured at OD630mn 69 
TABLE 8: Growth of LAB strains in MRS broth incubated at 37°C for 24 70 

h 
TABLE 9: Antifungal activity of LAB-CFS evaluated by well diffusion 73 

method 
TABLE 10: Mycelium growth inhibition of Fuscu"ium species using LAB- 74 

CFS evaluated on PDA after 7 days incubated at room 
temperature 28°C 

TABLE 11: Percentage biomass reduction of fungi Fusarium species using 76 
cells of LABs in MRSB after incubation for 7 days at room 
temperature 28°C 

TABLE 12: The percentage biomass reduction of fungi Fusarünn species by 78 
CFS of LABs after incubation for 7 days at room temperature 

TABLE 13: TABLE 13: Identification of LAB isolated Malaysian soil 79 
samples and fermented food by API 50CHL Kit 

TABLE 14: Identification of antifunal strains isolated Malaysian soil 80 

samples (MSS) and fermented food (FF) by 16S rDNA 
TABLE 15: Fusarium species identified by internal transcribed spacer 81 
TABLE 16: Designation of LAB-CFS was combined in different group 97 
TABLE 17: Extracellular proteolytic activity of LAB isolates on skim milk 98 

agar 
TABLE 18: Percentage of growth inhibition of fungi Fusarium species by 101 

LAB-CFS after 72h incubation at 30°C 
TABLE 19: Percentage mass growth inhibition of Fusarium species by 102 

LAB-CFS heated at 80°C 
TABLE 20: Percentage mass growth inhibition against Fusarünn species by 103 

LAB-CFS heated at 90°C 
TABLE 21: Percentage mass growth inhibition against Fusarium species 104 

using LAB-CFS heated at 121°C 
TABLE 22: Percentage mass growth inhibition against fungi Fusarium 105 

species by LAB-CFS adjusted at pH 2 

TABLE 23: Percentage mass growth inhibition against fungi Fusarium 106 
species by LAB-CFS adjusted at pH 4 



xix 

TABLE 24: 

TABLE 25: 

TABLE 26: 

TABLE 27: 

TABLE 28: 

TABLE 29: 

TABLE 30: 

TABLE 31: 

TABLE 32: 

TABLE 33: 

TABLE 34: 

TABLE 35: 

TABLE 36: 

TABLE 37: 
TABLE 38: 

Percentage mass growth inhibition against fungi Fusaricnn 106 
species by LAB-CFS adjusted at pH 6 
Percentage growth inhibition of Fusarium species by LAB-CFS 108 
treated with pepsin 
Percentage of growth inhibition of Fusarium species by LAB- 108 
CFS treated with papain 
Percentage growth inhibition of Fusarium species by LAB-CFS 109 
treated with proteinase K 
Percentage mass growth inhibition of Fusarium species by 110 
combined LAB-CFS evaluated at OD630nm in micro titer plate 
Percentage Germination of chilli Seeds treated with LAB-CFS 127 
and Fusarium species after two week incubation 
Percentage Germination of chilli Seed treated with LAB-CFS 129 
and F. otysporum £ sp. lycopersici-CL 
Germination percentage of infected F. solani-CS chilli seeds 131 
and treated with LAB-CFS 
Germination percentage of infected F. acanninatum-FC chilli 132 
seeds and treated with LAB-CFS 
Germination percentage of infected F. proliferattn-LR chilli 132 
seeds and treated with LAB-CFS 
Seedling heights of seeds infected with Fusarium species and 138 

sowed in soil inoculated with LAB cells 
Seedling heights of seeds soaked in LAB-CFS seeds and sowed 143 
in'soils infected with Fusarirun species 
Chilli plants divided in six groups survive in soil treated with 161 
LAB and Fusarium species 
Confirmation of LAB in inoculated chilli plant parts and soil 185 
Confirmation of F. solar-CS in infected chilli plant parts and 187 
soil 



xx 

LIST OF FIGURES 

Page 
FIGURE 1: General life cycle of F-usariaun species 33 
FIGURE 2: Isolation of Lactic acid bacteria (LAB) under the 65 

microscopic showing the shapes and size 
FIGURE 3: Fusarium otysporurn f, sp. lycopersici isolated from 66 

chilli leaves (CL) 
FIGURE 4: Fusarium solani isolated from chilli seeds (CS) 67 
FIGURE 5: Fusarium acuminatum isolated from chilli fruits (FC) 67 
FIGURE 6: Fusarium proliferatum isolated from rose leaves (LR) 67 
FIGURE 7: Disribution of lactic acid bacteria showing inhibitory 71 

activity (in mm) against Fusarium species by dual agar 
overlay method evaluated after 48 h incubation at 30°C 

FIGURE 8: Screening of LAB for antifungal activity against 72 
Fusarium species 

FIGURE 9: Antifungal activity of LAB-CFS against different fungi 73 
as evaluated by well diffusion method 

FIGURE 10: Mycelium growth inhibition of Fusarium species using 75 
LAB-CFS observed on PDA after 7 day 

FIGURE 11: Identification of LAB by PCR and the DNA bands on gel 80 
electrophoresis using 16S forward: and 16S reverse 

FIGURE 12: Fusariurn species identification using PCR and the bands 82 
on gel electrophoresis 

FIGURE 13: Clear zones around LAB-MSS5 colonies grown on skim 99 
milk agar showing proteolyic activity 

FIGURE 14: Percentage of lactic acid in LAB-CFS 100 
FIGURE 15: Three different verities of chilli seeds packets used for 121 

treatments 
FIGURE 16: Soil in packet was used to chilli plants growth, Tanah 124 

Baik soil with No fertilizer 
FIGURE 17: Seed germination experiment after six days incubation 128 
FIGURE 18: Chilli Kulai seeds treated with LAB showing 130 

germination after two week incubation under dark 
cabinet 

FIGURE 19: Percentage seed germination of chilli Kulai infected with 134 
Fusariurn species sowed in soil treated with LAB cells 

FIGURE 20: Percentage germination of chilli seeds treated with LAB- 135 
CFS and sowed in soil infected with Fusarium species 

FIGURE 21: Length of chilli seedlings inoculated with LAB cells after 137 
two weeks incubation 

FIGURE 22: Length of chilli seedlings inoculated with LAB-CFS of 142 
LAB cells after two weeks incubation 

FIGURE 23: Chilli plants of one month old survived at Asia Nursery 159 
Sungai Buluh, Selangor, Malaysia and used for the 
experiments 



xxi 

FIGURE 24: Measurement of fruit length from shoulder to apex 162 
regions 

FIGURE 25: Isolation of endophytic LAB and fungi from different 164 
parts of treated plants and soil 

FIGURE 26: Plant showing canopy area after 65 days transplanting 167 
FIGURE 27: Effect of different treatments on plant canopy and plant 168 

height after 25,45 and 65 d transplanting 
FIGURE 28: Chilli plant group III showed length of shoot after 25 170 

days of transplanting 

FIGURE 29: Effect of different treatments on plant shoot and root 171 
after 25,45 and 65 d transplanting 

FIGURE 30: Chilli plant group VI showed length of shoot after 65 172 
days of transplanting 

FIGURE 31: Effect of different treatments on weight of fresh plant 173 
parts after 25,45 and 65 d transplanting 

FIGURE 32: Effect of different treatments on weight of dry plant parts 175 
after 25,45 and 65 d transplanting 

FIGURE 33: Some F. solani-CS infection in chilli plants showing 177 
failure of the fruits to reach maturity stage and resulting 
in fruit drop 

FIGURE 34: Effect of different treatments on number of fruits per 178 
plant after 90 d transplanting 

FIGURE 35: Chilli fruits on plants receiving LAB-FFI 1 and infected 178 
with fungi Fusariuin solani-CS 

FIGURE 36: Effect of different treatments on number of seeds per 179 
plant after 90 d transplanting 

FIGURE 37: Effect of different treatments on fruit length of chilli 180 
FIGURE 38: Appearance of chilli fruits from plants groups treated 181 

with LAB and fungi 

FIGURE 39: The fruits showing water soaked received plants group 181 
VI 

FIGURE 40: Pericarp thickness of fruit receiving from different plant 182 

group 
FIGURE 41: Pericarp thickness of chilli fruits 183 

FIGURE 42: Effect of different treatments on fresh and dry weight 184 

chilli fruits 

FIGURE 43: Confirmation of endophytic LAB from inoculated plants 186 

FIGURE 44: Isolation of lactic acid bacteria (LAB) isolated from 186 
treated plants showing the shapes and size under the 
microscopic observation 

FIGURE 45: Confirmation of Fusariu, n solani-CS from treated chilli 188 



xxii 

APPENDICES 

Page 

FIGURE 46: The isolates of LAB identify by using API 50CH kit assay 236 

FIGURE 47: Determination of lactic acid, production by LAB isolates 237 



XXlll 

LIST OF ABBREVIATIONS 

µg Micro-grams 

µm Micro-metre 
CaCO3 Calcium carbonate 
CFS Cell free supernatants 
CFS-LAB Cell free supernatants of lactic acid bacteria 
CFU Colony forming unit 
cm Centimeter 

DNA deoxyribonucleic acid 
Fungi-CL Fungi (F. o. tysporuni f. sp. lycopersici) isolated from 

Chilli leaf (CL) 
Fungi-CS Fungi (F. solani) isolated from Chilli seed (CS) 
Fungi-FC Fruit of chilli 
Fungi-LR Leaf of rose 

g Grams 

g* Growth 

GI Growth inhibition 

GRAS Generally recognized as safe 
GS Germination % of seeds 
h Hours 

H2O2 Hydrogen peroxide 
IDLAB6 Identified Lactic acid bacteria (Lb. acidophilus 

ATCC8014) 
IDLAB7 Identified Lactic acid bacteria (Lb. plantarum 

ATCC3 l 4) 
LAB Lactic acid bacteria 
LAB-CFS Lactic acid bacteria cell free supernatant 
LAB-FCF Lactic acid bacteria (Lb. plantarum 1) isolated from 

fermented chilli fruit 
LABMSS Lactic acid bacteria Malaysian soil sample 
MEB Malt Extract Broth 

mL Milliliter 

mm Milimetre 
MRSA De man Rogosa Shape Agar 
MRSB De man Rogosa Shape Broth 

nm Nanometer 
OD Optical Density 

sp. specie 

TC Total Control 



xxiv 

TT Total Treatment 

PDA Potato Dextrose Agar 

PDB Potato dextrose broth 

PGPR Plant growth promoting rhizobacteria 

rDNA Recombinant deoxyribonucleic acid 
SMA Skim Milk Agar 

TC Total control 
TNGS Total number of germinated seeds 
TNTS Total number of treated seeds 

TT Total treatment 


