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The objective of this study is to determine the optimal hawesting stage for 

Capsicum annuum var. kulai. Capsicum annuum var. kulai was harvested 

weekly from day 21 to day 49 after anthesis and analysed for its physico 

chemical and biochemical changes during growth, maturation and ripening. 

Analysis were carried out at five stages: immature green (d 21), mature 

green (d 28), breaker (d 35), red (d 42) and ripen red (d 49). Physico- 

chemical and biochemical parameters were analysed. They included 

determining of the fruit colour, weight loss, firmness, ethylene and carbon 

dioxide (C02) production, pigment contents, carotenoid contents, organic 

acids contents, sugars, starch, pectin, capsaisinoids contents, and cell wall 

degradative enzymes activities. This study also aims to determine the 

effects of Modified Atmosphere Packaging (MAP) in prolonging its shelf life. 

Experiments were carried out using packaging materials such as Pow Vinyl 

Chloride (PVC) cling wrap, Low Density Polyethylene (LDPE), High Density 



Polyethylene (HDPE) and Propylene (PP) to determine the effects of 

diirent packaging materials on shelf life of Capsicum annuum var. kulai. 

The effects of combined LDPE and MAP on shelf life of Capsicum annuum 

var. kulai were also evaluated. Results showed capsicum annuum var. kulai 

was fully developed between day 35 and day 42 after anthesis, but no 

significant changes in fresh weight from day 35 to day 42 after anthesis were 

recorded. Whist the dou r  of the fruits turned from breaker (day 35) to red 

(day 42). Pungency components such as capsaicin and dihydrocapsaicin 

reached maximum on day 42 after anthesis and began to decrease 

thereafter. Therefore, in order to maintain pungency components, the fruits 

should be harvested before day 42 of anthesis. Specific activity of 

degradative enzymes such as polygalacturonase (PG), pectin 

methylesterase (PME), a-D-mannosidase, p-D-galacturonase, cellulase and 

xylanase were identified at various stages of growing, maturation and 

ripening. PG activity which reached maximum at day 42 after anthesis was 

found to be relatively higher than PME and cellulase activity in capsicum 

annuum. Cellulase, xylanase, p-D-galacturonase and a-D-mannosidase 

activities did not show any effect in promoting softening of the fruit. 

Production of ethylene and COZ which are important during ripening of 

Capsicum annuum, increased fmm 4.54 to 12.24 pUhr/kg and 1.72 to 3.14 

pUhr/kg respectively. Physical appearance of LDPE packaged Capsicum 

annuum did not change significantly until after 30 days of fruits storage. This 

was indicated by delay in shriveling, insignificant loss of fresh weight, 

firmness, absence of pedicel and calyx discdouration and decay. Study on 

firmness and freshness of capsicum showed no significant changes when 



stored under combined sealed LDPE bag for 30 days compared to 

perforated LDPE bag. It was also found that sealed LDPE bag was able to 

prolong fruit freshness which moisture loss was recorded less than 0.45% 

during the 30 days storage. Capsaicin and dihydrocapsaicin, which are 

important for pungency of the fruits, did not show any significant changes 

during the storage. In addition, physical appearance and natural nutrients of 

capsicum were maintained when packed in sealed LDPE bags. Results also 

indicated that sealed LDPE bag was found to be the best for extension of the 

storage life of Capsicum annuum var. kulai up to 30 days after harvesting at 

day 42 from anthesis. 
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Objektif kajian ini blah untuk menentukan masa pemetikan yang sesuai bagi 

Capsicum annuum var. kulai. Capsicum annuum var. kulai dituai setiap 

minggu, bermula danpada hail ke-21 hingga hari ke-49 selepas 

pembungaan dan ciriciri fizikekimia dan perubahan biokimia dianalisis pada 

peringkat pembesaran, kematangan dan penman. Analisis telah dijalankan 

pada lima peringkat, iaitu pada hari ke-21 selepas pembungaan (hijau 

rnuda); hari ke-28 selepas pembungaan (hijau ha); hari ke-35 selepas 

pembungaan (hijau-kemerahan); hari ke-42 selepas pembungaan (merah) 

dan hari k M 9  selepas pembungaan (merah tua). Parameter-parameter 

fiziko-kimia dan biokimia telah dianalisis. la termasuk penentuan wama 

buah, kehilangan berat, tekstur, penghasilan gas etilin dan karbon dioksida 

(CO2), kandungan pigmen, kandungan karoten, kandungan asid organik, 

kandungan gula, kanji, pektin, capsaisin dan aWviti enzim pada dinding set. 

Kajian ini juga bertujuan menentukan kesan Pembungkusan Atmosfera 
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Terubahsuai (MAP) ke atas pemanjangan jangka hayat bagi buah capsicum. 

Experimen ini telah dijalankan dengan menggunakan bahan-bahan 

bungkusan seperti selaput nipis poli vini klorida (PVC), polietilina 

berketumpatan rendah (LDPE), polietilina berketumpatan tinggi (HDPE) dan 

polipropilena (PP) untuk menentukan kesan bahan bungkusan yang berbeza 

terhadap jangka hayat Capsicum annuum var. kulai. Kesan kornbinasi bahan 

pembungkusan LDPE dan MAP untuk mernanjangkan jangka hayat 

Capsicum annuum var. kulai juga telah dikaji. Keputusan juga menunjukkan 

buah Capsicum annuum var. kulai didapati membesar dengan sempuma 

dalam jangka masa hari 35 hingga hari 42 selepas pembungaan, tetapi 

berat basahnya direkod tidak berubah dengan ketara daripada hari 35 

hingga hari 42 selepas pembungaan. Wama buah juga telah berubah 

daripada hijau-kemerahan (hari ke-35) kepada warrna merah (hari ke-42). 

Kandungan yang menentukan kepedasan iaitu capsaisin dan 

dihidrocapsaisin telah mencapai maksima pada hari ke-42 selepas 

pembungaan dan mula menurun selepasnya. Maka, untuk mengekalkan 

kandungan yang menentukan kepedasan, buah perh dituai sebelum 

mencapai hari ke-42 selepas pembungaan dalam kajian ini. Aktiviti spesifik 

untuk enzim pengurai seperti poligalakturonase (PG), pektin metil esterase 

(PME), a-D-mannosidase, p-D-galakturonase, selulase dan xilanase telah 

dikenalpasti pada tahap yang berbeza iaitu pada peringkat pembesaran, 

kematangan dan penuaan. PG aktiviti mencapai maksima pada hari ke-42 

selepas pembungaan dan didapati menujukkan aktiviti relatif yang lebih 

tinggi berbanding PME dan selulase. Aktiviti-aktiviti selulase, xilanase, p-D- 

galakturonase dan a-D-mannosidase tidak menunjukkan sebarang kesan 
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terhadap pelembutan dinding sel pada buah. Penghasilan gas etilin dan 

C02 iaitu penting dalam menentukan kematangan capsicum annuum telah 

meningkat daripada 54 to 12.24 yllhrtkg dan 1.72 to 3.1 4 pUhrtkg masing- 

masing. Penampilan fizikal capsicum annuum di dalam bahan 

pembungkusan LDPE tidak berubah dengan ketara selepas penstoran 

selama 30 hari. Ini menunjukkan bahawa ia dapat melambatkan kesan 

kekedutan, kehilangan berat basah dan tekstur yang tidak ketara, ketiadaan 

kesan pelunturan wama dan kerosakkan. Kajian terhadap tekstur dan 

kesegaran pada buah didapati tidak berubah dengan ketara jika disimpan 

pada bungkusan LDPE yang bertutup berbanding yang bungkusan LDPE 

yang berlubang selama 30 hari. la juga didapati bungkusan LDPE yang 

bertutup dapat memanjangkan kesegaran buah dimana kehillangan air 

didapati kurang daripada 0.45% setelah penstoran selama 30 hari. 

Capsaisin dan dihidrocapsaisin, iaitu penting ddam menentukan kepedasan 

buah, tiada perubahan yang ketara semasa penstoran selama 30 hari. 

Tambahan pula, bungkusan LDPE yang bertutup dapat memberi 

penampilan yang baik dan mengekalkan kandungan nutrien yang semulajadi 

pada buah capsicum. Keputusan ini menunjukkan bungkusalr LDPE yang 

bertutup adalah terbaik untuk memanjangkan jangka hqat simpanan 

Capsicum annuum var. kulai selama 30 hari dengan penggunaan buah 

capsicum hari ke-42 selepas pembungaan. 



ACKNOWLEDGEMENTS 

Sincere gratitude and appreciation to my project supervisor, Associate 

Professor Dr. Nazamid Saari for his invaluable guidance, suggestions, 

encouragement and help throughout the course of my study. 1 would also 

like to express my heartfelt appreciation and thanks to Associate Professor 

Dr. Azizah Osman, Associate Professor Dr. Azizah Hamid and especially to 

Professor Gulam Rusul Rahmat Ali for their unwavering support, invaluable 

guidance, suggestions, discussions and criticisms towards the research and 

preparation of this thesis. 

Heartfelt thanks and appreciation also go to all the dedicated staffs of Food 

Science and Food Technology Departments for their, who directly or 

indirectly, generous cooperation, assistance, guidance and support. I would 

also like to thank my fellow graduate, Shirfene, Galila couples, Nga, and 

undergraduate students. An acknowledgement is also due to all my friends, 

Jenny, Yin, Chuin, Anang etc for their endless care and concern and moral 

support they gave to me. Especially to Alvin who has given me the moral 

encouragement to continue. To my ex-colleagues and ex-boss, thank you 

very much for their consideration, helps and understanding. 

Finally, I will like to take this opportunity to thank you and appreciate my 

family, parents, brothers who have been very patience and given me 

encouragement, care and support during pursue for knowledge. 



I certify that an Examination Committee met on 2oth ~ u g u s t  2004 to conduct the 
final examination of Wong Mei Chee on her Master of Science thesis entitled 
"Physico-chemical and Biochemical Changes of Capsicum annuum var. Kulai 
During Development and Storage Using Modified Atmosphere Packaging Systems" 
in accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and 
Universiti Pertanian Malaysia (Higher Degree) Regulations 1981. The Committee 
recommends that the candidate be awarded the relevant degree. Members of the 
Examination Committee are as follows: 

RUSSLY ABDUL RAHMAN, PhD 
Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Chairman) 

NAZAMID SAARI, PhD 
Associate Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

AZIZAH OSMAN, PhD 
Associate Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

AZIZAH ABDUL HAMID, PhD 
Associate Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

GULAM RUSUL RAHMAT ALI, PhD 
Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

~ r o f e s & r / ~ e ~ u t ~  Dean 
School of Graduate Studies 
Universiti Putra Malaysia 



This thesis submitted to the Senate of Univesrsiti Putra Malaysia and has 
been accepted as fulfillment of the requirements for the degree of Master of 
Science. The members of the Supervisory Committee are as follows: 

NAZAMID SMRI, PhD 
Associate Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Chairman) 

AZIZAH OSMAN, PhD 
Associate Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

AZIZAH HAMID, PhD 
Associate Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

GULAM RUSUL RAHMAT ALI, PhD 
Professor 
Faculty of Food Science and Technology 
Universiti Putra Malaysia 
(Member) 

AlNl IDERIS, PhD 
Professor/ Dean 
School of Graduate Studies 
Universiti Putra Malaysia 

Date: 1 5 JUL 2005 

xii 



DECLARATION 

I hereby declare that the thesis is based on my original work except for the 
quotations and citations which have been duly acknowledged. I also declare 
that it has not been previously or concurrently submitted for any other 
degree at UPM or other institutions. 

7 
WONG NIEI CHEE 



TABLE OF CONTENTS 

DEDICATION 
ABSTRACT 
ABSTRAK 
ACKNOWLEDGEMENTS 
APPROVAL 
DECLARATION 
LlST OF TABLES 
LlST OF FIGURES 
LlST OF PLATES 
LlST OF ABBREVIATIONS 

CHAPTER 

I INTRODUCTION 

I I LITERATURE REVlEW 
Introduction 
Features of Capsicum annuum var. kulai 

Nutrient Value of Capsicum annuum 
Physiological Development of Capsicum annuum 
Physical and Biochemical Changes of Capsicum 

annuum during Development 
Firmness 
Chlorophyll and Carotenoid 
Organic Acids 
Starch, Pectin Substances and Sugar 

Contents 
Capsaicinoids 
Respiration and Ethylene Production 
Cell WaH Degradative Enzymes 

Shelf life of Fruit and Vegetables 
Quality Attributes of Capsicum annuurn 
Introduction of Packaging 
Plastic Packaging Materials 

Modified Atmosphere Packaging (MAP) 
Sealed Packaging 
Sealed with Perforated Packaging 

Page 
iii 
iv 
vi i 
X 
xi 
xiii 
xvi 
xix 

xxiii 
xxv 

xiv 



111 PHYSICO-CHEMICAL AND BIOCHEMICAL 
CHANGES OF CAPSICUM ANNUUM VAR. KULAl 
AT VARIOUS STAGES 
Introduction 
Materials and Methods 
Results and Discussion 

Changes of Weight, Firmness and Moisture 
Content 

Respiration Rate and Ethylene Production 
Color Pigmentation 
Carotenoids 
Organic Acids 
Ascorbic Acid 
Starch, Sucrose and Pectin 
Sugar Content 
Capsaicinoids 
Pdygaladuronase Specific Activity 
Pectin methyl esterase Specific A c W i  
a-D-Mannosidase Specific Activity 
P-Galactosidase Specific Activity 
Ceilulase and Xylanase Specific Activities 

Conclusion 

IV EFFECTS OF MODIFIED ATMOSPHERE 
PACKAGING (MAP) ON THE CHANGES IN 
PHYSICAL AND BIOCHEMICAL 
CHARACTERISTICS OF CAPSICUM ANNUUM 
VAR. KULAl DURING STORAGE 
Introduction 
Materials and Methods 
Results and Discussion 

Selection of Different Packaging Materials 
Effects of Different MAP Treatments 

Conclusion 

V GENERAL CONCLUSIONS AND 
RECOMMENDATIONS 

BIBLIOGRAPHY 
APPENDICES 
BIODATA OF THE AUTHOR 



LIST OF TABLES 

Page 

10 Nutrient Composition of Green and Red Capsicum. 

Capsaicinoid content in selected capsicurn/sweet paprika 
samples 

Recommended storage conditions for some cultivars 

Changes in fresh weight, texture, moisture oontents, carbon 
dioxide and ethylene production of Capsicum annum var. 
kulai at growth, maturation and ripen stages (21 - 49 days). 

Changes in all-trans-p-carotene, all-trans-lutein, chlorophyll a 
and chlorophyll b of Capsicum annum var. kulai at growth, 
maturation and ripen stages (21 - 49 days). 

Changes in p-carotene, a-carotene, quinic acid and malic 
acid of Capsicum annum var. kulai at growth, maturation and 
ripen stages (21 - 49 days). 

Changes in oxalic acid, citric acid, fumaric acid and ascorbic 
acid of Capsicum annum var. kulai at growth, maturation and 
ripen stages (21 - 49 days). 

Changes in fructose, glucose and sucrose of Capsicum 
annum var. kulai at growth, maturation and ripen stages (21 - 
49 days). 

Changes in capsaicin and dihydrocapsaicin (pericarp, 
placenta and seed) of Capsicum annum var. kulai at growth, 
maturation and ripen stages (21 - 49 days). 

Changes in PG, PME, p-galactosidase and a-D- 
mannosidase specific activities of Capsicum annum var. kulai 
at growth, maturation and ripen stages (21 - 49 days). 

Changes in xylanase and cellulase specific activities of 
Capsicum annum var. kulai at growth, maturation and ripen 
stages (21 - 49 days). 

Change in weight (%) of Capsicum annum var. kulai at 10 k 
l0C/(R.H. 85-95%) on different packaging materials during 
storage. 

xvi 



Overall mean values for percentage of weight loss and 
firmness of Capsicum annuum var. kulai in different 
packaging materials during storage. 

Change in firmness of Capsicum annum var. kulai at 10 +_ 

I0C/(R.H. 85-95%) on different packaging materials during 
storage. 

Effects of different packaging materials in sealed packaging 
upon firmness, pedicel and calyx discolouration of Capsicum 
annuum var. kulai after storage at 10 +, 1°C (R.H. 85-95%) 
for 0,6, 12,24 and 30 days. 

Effects of MAP treatments in LDPE packaging material upon 
finnness of Capsicum annuum var. kulai during storage at 10 
k I OC (R.H. 85-95%) for 0,6,12,24 and 30 days. 

Overall mean values for L, a and b values of Capsicum 
annuum var. kulai in different MAP treatments. 

Change in L value of Capsicum annum var. kulai at 10 2 
I0C(RH 85-95%) in different MAP treatments. 

Change in a value of Capsicum annum var. kulai at 10 2 
1 OC(RH 85-95%) on different treatments of MAP. 

Change in b value of Capsicum annum var. kulai at 1 O0C/85- 
95%RH on treatment of MAP. 

Change in percentage of weight loss of Capsicum annum 
var. kulai at 10 r 1°C(RH 85-95%) on different treatments of 
MAP. 

Overall mean values for firmness, pH, citric acid and malic 
acid contents of Capsicum annuum var. kulai in different 
MAP treatments. 

Change in firmness of Capsicum annum var. kulai at 30 & 
I OC(RH 85-95%) on different treatments of MAP. 

Change in citric acid of Capsicum annum vat-. kulai at 10 A 
1 OC(RH 85-95%) on different treatments of MAP. 

Change in malic acid of Capsicum annum var. kulai at 10 & 
I°C(RH 8595%) on different treatments of MAP. 

Overall mean values for ascorbic acid, p-carotene, capsaicin 
and dihydrocapsaicin contents of Capsicum annuum var, 
kulai in different MAP treatments. 

xvii 



Change in ascorbic acid of Capsicum annum var. kulai at 10 
1 OC(RH 85-95%) on different treatments of MAP. 

Change in capsaicin of Capsicum annum var. kulai at 10 k 
I0C(RH 85-9596) on different treatments of MAP. 

Change in dihydrocapsaicin of Capsicum annum var. kulai at 
10 + I OC(RH 8595%) on different treatments of MAP. 

Overall mean values for fructose, glucose and sucrose 
contents, polygalactosidase specific activity of Capsicum 
annuum var. kulai in different MAP treatments. 

Change in fructose of Capsicum annum var. kulai at 10 + 
I°C(RH 85-95%) on different treatments of MAP. 

Change in glucose of Capsicum annum var. kulai at 10 + 
1 OC(RH 85-95%) on different treatments of MAP. 

Change in sucrose of Capsicum annum var. kulai at 10 +_ 

I OC(RH 8595%) on different treatments of MAP. 

Change in PG of Capsicum annum var. kulai at 10 + 1 OC(RH 
85-95%) on different treatments of MAP. 

Overall mean values for pectin methyl-esterase specific 
activity and total plate counts of Capsicum annuum var. kulai 
in different MAP treatments. 

Change in PME of Capsiwm annum var. kulai at 10 -L 
l0C(RH 85-95%) on different treatments of MAP. 

Change total plate counts of Capsicum annum var. kulai at 
10 + I°C(RH 85-95%) on different treatments of MAP. 



Figure 
1 Anatomy of chili. 

LIST OF FIGURES 

Page 

8 

2 Changes in weight and firmness of freshly harvested 
Capsicum annuum var. kulai at growth, maturation and ripen 
stages (21 - 49 days). (Data are means of three replicates 
composed of 0.5 kg fruits each. Bars represent standard 
deviation of the means). 46 

3 Changes in moisture content of freshly harvested Capsicum 
annuum var. kulai at growth, maturation and ripen stages (21 
- 49 days). (Data are means of three replicates composed of 
0.5 kg fruits each. Bars represent standard deviation of the 
means). 47 

4 Changes in carbon dioxide and ethylene production by 
freshly harvested Capsicum annuum var. kulai at growth, 
maturation and ripen stages (21 - 49 days). (Data are means 
of three replicates composed of 0.5 kg fruits each. Bars 
represent standard deviation of the means). 

5 Changes in chlorophyll a, chlorophyll b, all trans-p-carotene 
and all-trans-lutein contents of freshly harvested Capsicum 
annuum var. kulai at growth, maturation and ripen stages (21 
- 49 days). (Data are means of three replicates composed of 
0.5 kg fruits each. Bars represent standard deviation of the 
means). 5 1 

6 Changes in p-carotene and a-carotene contents of freshly 
harvested Capsicum annuum var. kulai at growth, maturation 
and ripen stages (21 - 49 days). (Data are means of three 
replicates composed of 0.5 kg fruits each. Bars represent 
standard deviation of the means). 54 

7a Changes in quinic, malic, oxalic and citric acids contents of 
freshly harvested Capsicum annuum var. kulai at growth, 
maturation and ripen stages (21 - 49 days). (Data are means 
of three replicates composed of 0.5 kg fruits each. Bars 
represent standard deviation of the means). 55 

7b Changes in fumaric and ascorbic acids contents of freshly 
harvested Capsicum annuum var. kulai at growth, maturation 
and ripen stages (21 - 49 days). (Data are means of three 
replicates composed of 0.5 kg fruits each. Bars represent 
standard deviation of the means). 56 



8 Changes in starch and pectin contents of freshly harvested 
Capsicum annuum var. kulai at growth, maturation and ripen 
stages (21 - 49 days). (Data are means of three replicates 
composed of 0.5 kg fruits each. Bars represent standard 
deviation of the means). 

9 Changes in frirctose, glucose and sucrose contents of freshly 
harvested Capsicum annuum var. kulai at growth, maturation 
and ripen stages (21 - 49 days). (Data are means of three 
replicates composed of 0.5 kg fruits each. Bars represent 
standard deviation of the means). 

10 Changes in Capsaicin content of freshly harvested Capsicum 
annuum var. kulai at growth, maturation and ripen stages (21 
- 49 days). (Data are means of three replicates composed of 
0.5 kg fruits each. Bars represent standard deviation of the 
means). 

1 I Changes in dihydrocapsaicin content of freshly harvested 
Capsicum annuum var. kulai at growth, maturation and ripen 
stages (21 - 49 days). (Data are means of three replicates 
composed of 0.5 kg fruits each. Bars represent standard 
deviation of the means). 

I 2  Changes in polygalacturonase (PG) and pectin methyi 
esterase (PME) specific activities of Capsicum annuum var. 
kulai at growth, maturation and ripen stages (21 - 49 days). 
(Data are means of three replicates composed of 0.5 kg fruits 
each. Bars represent standard deviation of the means). 

1 3 Changes in p-D-galactosidase and a-D-mannosidase 
specific activities of freshly harvested Capsicum annuum var. 
kulai at growth, maturation and ripen stages (21 - 49 days). 
(Data are means of three replicates composed of 0.5 kg fruits 
each. Bars represent standard deviation of the means). 

14 Changes in cellulase and xylanase specific activities of 
freshly harvested Capsicum annuum var. kulai at growth, 
maturation and ripen stages (21 - 49 days). (Data are means 
of three replicates composed of 0.5 kg fruits each. Bars 
represent standard deviation of the means). 

15 Changes in percentage weight loss of Capsicum annumm 
var. kulai at 10 k I0C (RH: 8595%) during 30 days of 
storage. (Data are means of three replicates composed of 3 
representative bags each. Bars represent standard deviation 
of the means). 



Changes in firmness of Capsicum annumm var. kulai at 10 * 
1°C (RH: 85-95%) during 30 days of storage. (Data are 
means of three replicates composed of 3 representative bags 
each. Bars represent standard deviation of the means). 

Effects of MAP packaging on L value of Capsicum annumm 
var. kulai at 10 + 1°C (R.H. 8595%) during 30 days of 
storage with LDPE packaging material. 

Effects of MAP packaging on a value of Capsicum annum 
var. kulai at 10 + 1°C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 

Effects of MAP packaging on b value of Capsicum annum 
var. kulai at 10 i I 0C  (RH: 85-959'0) during 30 days storage 
with LDPE packaging material. 

Effects of MAP packaging on percentage of weight loss of 
Capsicum annum var. kulai at 10 * 1 OC (RH: 85-95%) during 
30 days storage with LDPE packaging material. 

Effects of MAP packaging on firmness of Capsicum annum 
var. kulai at 10 * 1°C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 

Effects of MAP packaging on citric acid of Capsicum annum 
var. kulai at 10 f I0C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 

Effects of MAP packaging on malic acid of Capsicum annum 
var, kulai at 10 i 1°C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 

Effects of MAP packaging on ascorbic acid of Capsicum 
annum var. kulai at 10 f I0C (RH: 8595%) during 30 days 
storage with LDPE packaging material. 

Effects of MAP packaging on capsaicin of Capsicum annum 
var. kulai at 10 * 1°C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 

Effects of MAP packaging on dihydrocapsaicin of Capsicum 
annum var. kulai at 10 + 1°C (RH: 8595%) during 30 days 
storage with LDPE packaging material. 

Effects of MAP packaging on fructose of Capsicum annum 
var. kulai at 10 + I0C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 
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28 Effects of MAP packaging on glucose of Capsicum annum 
var. kulai at 10 f 1 OC (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 129 

29 Effects of MAP packaging on sucrose of Capsicum annum 
var. kulai at 10 +- 1°C (RH: 85-95%) during 30 days storage 
with LDPE packaging material. 130 

30 Effects of MAP packaging on polygalacturonase specific 
acitivity of Capsicum annum var. kulai at 10 * 1 OC (RH: 85- 
95%) during 30 days storage with LDPE packaging material. 131 

31 Effects of MAP packaging on pectin methyl esterase of 
Capsicum annum var. kulai at 10 * 1 OC (RH: 85-95%) during 
30 days storage with LDPE packaging material. 1 34 

32 Effects of MAP packaging on total plate counts of Capsicum 
annum var. kulai at 10 * I0C (RH: 8595%) during 30 days 
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LIST OF PLATES 

Plate 

I 

2 

3 

Plantation of Capsicum annuum var. kulai. 

Capsicum annuum var. kulai with tagged. 

Pictures of Capsicum annuum var. kulai from 2"d to 7th week 
during development. 

3rd week of Capsicum annuum var. kulai. 

4th week of Capsicum annuum var. kulai. 

5th week of Capsicum annuum var. kulai. 

6th week of Capsicum annuum var. kulai. 

7th week of Capsicum annuum var. kulai. 

Capsicum annuum var. kulai at 0 DAS (days after storage). 

Capsicum annuum var. kulai in unwrapped package at 6 DAS. 

Capsicum annuum var. kulai in PVC cling wrap package at 6 
DAS. 

Capsicum annuum var. kulai in perforated LDPE at 6 DAS. 

Capsicum annuum var. kulai in sealed LDPE at 6 DAS. 

Capsicum annuum var. kulai in sealed HDPE at 6 DAS. 

Capsicum annuum var. kulai in sealed PP at 6 DAS. 

Capsicum annuum var. kulai in unwrapped package at 1 2 
DAS. 

Capsicum annuum var. kulai in PVC cling wrap package at 12 
DAS. 

Capsicum annuum var. kulai in pelforated LDPE at 12 DAS. 

Capsicum annuum var. kulai in sealed LDPE at 12 DAS. 

Capsicum annuum var. kulai in sealed HDPE at 12 DAS. 

Capsicum annuum var, kulai in sealed PP at 12 DAS. 
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Capsicum annuum var. kulai in unwrapped package at 18 
DAS. 

Capsicum annuum var. kulai in PVC cling wrap package at 1 8 
DAS. 

Capsicum annuum var. kulai in perforated LDPE at 1 8 DAS. 

Capsicum annuum var. kulai in sealed LDPE at 1 8 DAS. 

Capsicum annuum var. kulai in seated HDPE at 18 DAS. 

Capsicum annuum var. kulai in sealed PP at 18 DAS. 

Capsicum annuum var. kulai in unwrapped package at 24 
DAS. 

Capsicum annuum var. kulai in PVC cling wrap package at 24 
DAS. 

Capsicum annuum var. kulai in perforated LDPE at 24 DAS. 

Capsicum annuum var. kulai in sealed LDPE at 24 DAS. 

Capsicum annuum var. kulai in sealed HDPE at 24 DAS. 

Capsicum annuum var. kulai in sealed PP at 24 DAS. 

Capsicum annuum var. kulai in unwrapped package at 30 
DAS. 

Capsicum annuum var. kulai in PVC cling wrap package at 30 
DAS. 

Capsicum annuum var. kulai in perforated LDPE at 30 DAS. 

Capsicum annuum var. kulai in sealed LDPE at 30 DAS. 

Capsicum annuum var. kulai in sealed HDPE at 30 DAS. 

Capsicum annuum var. kulai in sealed PP at 30 DAS. 
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