UNIVERSITI PUTRA MALAYSIA

EFFECT OF DIETARY ASCORBIC ACID ON WOUND HEALING,
SUSCEPTIBILITY TO AEROMONAS HYDROPHILA INFECTION AND
ITS SEQUENTIAL HEMATOLOGY IN THE AFRICAN CATFISH,
CLARIAS GARIEPINUS

GREGORIA E. ERAZO

FPV 1997 3



EFFECT OF DIETARY ASCORBIC ACID ON WOUND HEALING,
SUSCEPTIBILITY TO AEROMONAS HYDROPHILA INFECTION AND ITS
SEQUENTIAL HEMATOLOGY IN THE AFRICAN CATFISH,
CLARIAS GARIEPINUS

By

GREGORIA E. ERAZO

Thesis Submitted in Fulfilment of the
Requirement for the Degree of Master of Science
in the Faculty of Veterinary Medicine and Animal Science
Universiti Putra Malaysia

June 1997



ACKNOWLEDGEMENTS

My deepest appreciation to my chairman, Professor Dr.
Mohd. Shariff Mohd. Din, for his guidance, patience,
support and assistance throughout the study. I am also
very grateful to the members of my supervisory committee,
Dr. Che Roos Saad and Dr. Mohd Salleh Kamarudin, for their
comments and for allowing me the use of their facilities to

conduct the vitamin C analysis.

My thanks to the International Development Research
Centre, Canada (IDRC) for the generous financial support to

undertake this study.

I would 1like to thank those whose efforts and
encouragement helped me complete this study: Mrs. Celia L.
Pitogo, Section Head, Fish Health Section, SEAFDEC/AQD, for
her valuable support and recommendations to pursue my
scholarship grant; Dr. Erlinda C. Lacierda, SEAFDEC/AQD,
for her comments, suggestions, editing and for helping me
come up with the histopathological pictures; Mr. Rosli
Aslim, Mr. Ghani, Mr. Kamarun, and Mr. Yusaini Ahmad for

their technical assistance.

ii



My sincere gratitude to Mrs. Fely Torreta and Mrs.

Susan Torrento of Microtechnique Laboratory, SEAFDEC/AQD.

Special thanks to Miss Milagros Castafios, my editor friend,
whose rigorous criticism, patience, concern for detail and
thoroughness contributed significantly to the completion of
this thesis. A particular note of gratitude goes to Miss
Larni Espada for her assistance in the statistical analysis
and Mrs. Mae Catacutan for her invaluable assistance and

information on feed analysis.

To all my dear friends, Ron and Vicky Cheong, for
their moral support and concern; Miss Linda Lumayag, for
all the help, motivation, and friendship uncomparable; Jojo
and Sonia Somga, Miss Nerissa Salayo, Dr. Juan Albaladejo
and Mr. and Mrs. Paul L. Manalo and family for their
support, concern, guidance, company and for being a part of

my UPM life.

To my beloved parents, brothers, and sisters, without
whose ever constant encouragement, moral support, prayers,
this work would not have been possible; and to Sonny
Pagador, for his love, understanding, patience, generous
encouragement and for always being there when I needed him

the most.

To my Beloved Almighty Father, my light and guide,

thank you for everything.

iii



TABLE OF CONTENTS

Contents Page

ACKNOWLEDGEMENTS cccccococococccsccscscscscsccscos ii
LIST OF FIGURES ccccccecccceccaccscccsccncccncccas vii
LIST OF PLATES .¢cccecccccsccsscsscsssnsssnsesss Viii
LIST OF TABLES ccccccccscscccsssscsssssessncsssses Xiii
LIST OF ABBREVIATIONS .cccccccocccoccscccsccsccccscs v
LIST OF FISH SPECIES .ccccccecccccscccsccsccncccas Xvi
ABSTRACT cccccecccccscccccscccccscccscsccsessees XViii

ABSTRAK ® & & ® ® 9 ® & G S 5 O S S S S S S S OO0 S S S S S SO e e S e S e e 0 O xxi

CHAPTER
I GENERAL INTRODUCTION ....cccccoceosaes 1
II REVIEW OF LITERATURE .....¢.ccccceesos 4
Biology of African catfish .......... 4
Characteristics of Ascorbic Acid .... 4
Functions of Ascorbic Acid .......... 5
Derivatives of Ascorbic Acid ........ 7
Deficiency Signs of Ascorbic Acid ... 8

Dietary Ascorbic Acid and Fish Growth
and Development ........ccceecceccens 9

Ascorbic Acid and Wound Healing ..... 13

Dietary Ascorbic Acid and Bacterial
Infection .....iiiiieiireecencnnnnans 14

Dietary Ascorbic Acid and Hematological

iv



III

IV

Characteristics ..veeeeeeeeeeeeeeonen 15

EFFECT OF DIETARY LEVELS OF ASCORBIC ACID

ON WOUND HEALING cccccccocccccsccsocscss 18
Introduction .....cceeieeeeeccccnnnes 18
Materials and Methods ......coceeeeenn 19
Experimental Animals, Facilities,
and Rearing Methods ............ 19
Experimental Diet Preparation,
Analysis, and Feeding Regime ... 20
Wounding and Sampling .......... 22
Statistical Analysis ......ccc00 24
T L e S S S 5 508 00 0 0000000000000 0¢C 24

Normal Histology of the Skin of
Clarias gariepinus .......ce... 24

Sequential Hlstopathology of

Wounded SKiN ..eveeeeeosecsoosas 26
Feed AnalysSisS ....cceeeeecns ceen 39
Liver Ascorbic Acid Concentration 40
DiSCUSSiON sssswvusssnnssansnmssss . mE 41

INFLUENCE OF DIETARY ASCORBIC ACID ON THE
SUSCEPTIBILITY OF WOUNDED FISH TISSUES TO

Aeromonas hydrophila INFECTION 45

INtroducCtion .veeveeeeeeeeeeeoneoaees 45

Materials and Methods ..... c e eceeeees 46
Maintenance of Aeromonas hydrophila
Stock Culture ....cceeeeeeeceens 46
Identification of Aeromonas
hydrophila ...ciieeeeeececoncnns 47
Preparation of Bacterial Suspension
for Immersion Experiment ....... 48
Experimental Design ............ 48
Immersion Challenge Method ..... 48



SAMPling cieeeeeeeeeesceccccnanns 49

S e S S S 00000000000 0000000000000 49
DisSCUSSIiONn ...iiieeereeeecscacenncnns 68
v HEMATOLOGY OF FISH FED DIETARY ASCORBIC
ACID AND CONCURRENTLY INFECTED WITH
Aeromoas hydrophila ............ 72
Introduction ......ieeieeeeececcennns 72
Materials and Methods .......ccc000.. 73
Experimental Design ......cce... 73
Hematocrit Value ............... 74
Hemoglobin Content ............. 74
Erythrocyte and Leucocyte Counts 74
Differential Leucocyte Counts .. 75
Statistical Analysis .....cveeevennnn 76
S RS S S S 5 6 6 60 000000000000 000000¢C 75
DisSCUSSION ...t iietreenensececsannnns 84
VI GENERAL DISCUSSION AND CONCLUSION .. 88
BIBLIOGRAPHY ce .. coeeececssccccssssccccscsssaccsscsns 93
29550 340 ) 0l B, G S S 5 50 00 000 0000000300000 0000000300 105
BIOGRAPHICAL SKETCH:. . . ccceeoceccsscoccsssscocssss 106

vi



LIST OF FIGURES

Figure Page
1 Standard Curve for the Enumeration
of Colony Forming Units in Bacterial
SUSPENSION tteeeececeeosscsccssssonsss 105

vii



LIST OF PLATES

Plate Page
1 Normal Skin Section of C. gariepinus:
Cross Section Showing Epidermis,
Dermis and Muscular Layers .......ce... 25
2 Normal Skin: Hypodermis and Muscle .... 25
3 Skin Wound at 4hr (Irrespective of

Ascorbic Acid Levels) Showed Presence

of Fat Cells at the Spongiotic Dermal

Layer and Extensive Haemorrhage at

the Hypodermal Layers and Under-

lying Musculature .......ccceeeeeeeeess 26

4 Skin Wound at 8hr (Irrespective of
Ascorbic Acid Levels) Showing Fat Cells
at the Dermal Layer and Hypodermal Layer.
Degeneration of Muscle Fibers ......... 27

5 Skin Wound at 48hr (Fish Fed with 100
mg AsA/kg feed): Showing Separation of
Epidermis From Dermal Layer. Muscle
Tissues were Fragmented ............... 30

6 Skin Wound at 48hr (Fish Fed with 700
mg AsA/kg feed): Showing Hyperplastic
Dermal Layer and Degenerating Muscle
Fibers ...iieiiieeeeeeeeeseeennsccnnnsns 30

7 Skin Wound at 96hr (Fish Fed with 60 mg
AsA/kg feed): Showing Epidermal Thicken-
ing, Dense Dermal Collagen Layer, Vacoula-
ted Hypodermal Layer, Fat Cells and
Regeneration of Muscle Tissues ........ 31

8 Wound at 96h (Fed with 700 mg AsA/kg feed
:Showing Epidermal Thickening and Melanin
Pigment. Regenerating Collagenous Fibers
Filled the Area Between Cut Ends of
Dermal LAyerS ..c.eeceececcescscocscosesns 31

viii



10

11

12

13

14

15

16

17

Wound of Fish Fed with 60 mg AsA/
kg/feed at 6d: Mucous Cell and
Melanin Pigments, Regeneration of
Epidermal Layer, Well-Defined Border

Between Incised and Normal Muscle .....

Healing Wound of Fish Fed with
700 mg AsA/kg feed at 6d with
Intense Accumulation of Collagen

Fibers Present .....ceecececeecees oo

Healing Wound of Fish Fed with

60 mg AsA/kg feed at 8d: Has Smooth
and Paved Epidermal Surface

Presence of Fibroblasts were

Found at the Dermal Layer ........c....

Healing Wound of Fish Fed with
700 mg AsA/kg feed at 8d: Showing
Dense Collagen Has Been Replaced

with Light Collagen Fibrils ...........

Healed Wound of Fish Fed with
60 mg AsA/kg feed at 10d: Has
Epidermis Clearly Reinstated
and Fibroblasts Appear at Cut
Edge of Dermal Layer.

Melanin Pigments were Present .........

Healed Wound of Fish Fed with
700 mg AsA/kg feed at 10d: Has
Restored the Normal Integrity
of the Epidermal Layer. Re-
generation of Muscles and

Collagen at the Dermal Layer ..........

Healed Wound of Fish Fed with
60 mg AsA/kg at 12d: Hypo-
dermal Layer was Partially Re-
pair. The Fibrous Tissues were

Replacing the Muscle Fibers ...........

Section Adjacent to Healed Wound of
Fish Fed with 100-700 mg AsA/kg feed
at 12d: Less Collagen but Intense
Melanin Pigmentation. Muscle Tissues

are Normal ....cceeeeeeccoosccscccsccssscs

Healed Wound with Regenerating
Muscle Fibers. Melanin Pigmenta-
tion and Presence of Fibroblasts at
the Dermal Layer. Fish Fed 60 mg

AsA/kg feed at 144 ........ 00000000000 C

ix

32

32

Siee)

35

35

36

36

37

38



18

19

20

21

22

23

24

25

26

27

Normal Epidermal Layer, Melanin Pigment
and Normal Muscle Structure Adjacent

to the Healed Wound. Fish Fed 700 mg
AsA/Kg @t 14d ...cceceeccccnccccnscscns

Infected Wound at 2h (Irrespective of
Ascorbic Acid Levels) Erythrocytes,
Haemorrhages Occur Between the Cut
Edges of the Dermal Layer ......cceee..

Haemorrhages Between Muscle Bundles
and Early Necrotized Muscle Bundles

at 6h. (Irrespective of Ascorbic Acid
=N N S S S 5 0 6 00 0000000000000 00000000¢C

Infected Wound at 12h (Irrespective

of Ascorbic Acid Levels): Showing
Irregular Surface of the Epidermal
Layer, Extensive Oedema at the

Dermal Layer and Epidermal Cells are
in an Advanced State of Necrosis ......

Inflammatory cells, Muscle Necrosis
with Erythrocytes at 24h. Fish
Fed 0 mg AsA/Kg feed .....ccceeeeeecens

Few Muscle Bundles were Undergoing
Fragmentation. Bacterial Colonies
were Evident at 24h. Fish Fed 100
mg AsA/kg feed .....cciiiiiieiiiitnnns

Separation of Dermal Layer from the
Spongiotic Epidermal Layer. Fish Fed
60 mg AsA/kg feed at 48h ..............

Fibrous Granulation Tissue Adjacent
to the Muscle Area. Degeneration of
Muscle Fibers. Fish Fed 300 mg AsA/
| e A=1=Te R AR 2 o B e S 8 B 6 5 BB

The Granulation Tissue Contains
Delicate Regenerating Collagenic
Fibres Along the Cut Collagenous
Dermal Layer and Vacoulated Dermal
Layer. Fish Fed 700 mg AsA/

kg feed at 96h ........cctiiieeeeennn

Hyperplasia of Cells Causing

the Epidermal Thickening Above

the Wound Seem Typical of Wound

Repair, Collagenous Dermal.

Fish Fed 700 mg AsA/kg feed at 96h ....

38

51

51

52

52

54

54

56

56

58



28

29

30

31

32

SIS

34

35

36

Degenerating Muscle Fibers

Replaced by Connective Tissue.

In Addition, Increase in Numbers

of Erythrocytes Within the Muscle

are Seen. Fish Fed 60 mg AsA/kg feed
2 (el 5 6600000000060 00000000600000000a0¢C

Migration of Epidermal Layer Into

the Wound. Fibroblasts and

Collagen Fibers at the Dermal

Layer. Presence of Melanin Pigments

at the Dermal Layer. Fish Fed

100 mg AsA/kg feed at 6d .........c....

Fish Fed 60 mg AsA/kg feed at 8d:

The Dermis Started to Differentiate
as a Band of Dense Collagen

Joining Severed ENAS ....cceeececonenns

Section Through Healing Wound

of Fish Fed 300 mg AsA/kg feed

at 8d: Healing Dense Collagen

Layer of Dermis. Regenerating

Muscle Tissues, Mucous and

Club Cells were Present .....ccecceceeees

Fibroblasts and Collagen Fibres

were Clearly Visible at the

Dermal Layer. Fish Fed 60 mg

AsA/kg feed at 12d ...cccceccicccasocnns

The Mucous Cells and Club Cells

Have Increased in Number and

Larger in Size at the Newly Restored
Epidermal Layer. Deposition of Melanin
Pigment. Fish Fed 700 mg AsA/kg feed
ElE al2de S 5 5 8 6 00 000000000000000000000000C

Fish Fed 100 mg AsA/kg at 16d: Showing
Cut Ends of Newly Dense Collagenous
Dermal Layer. Active Regeneration
and Infiltration of Muscle Fibers .....

Fish Fed 300 mg AsA/kg feed at 16d:
Regeneration of Dense Dermal

Collagen Layer Showing Very Fibrous
Granulation at Cut Ends of Dermal
Collagen Layer. Epidermal Thickening
Above Wound Ar€a@ ....cceeeeeecscccscccs

Fish Fed 60 mg AsA/kg feed at 24d:
Epidermis was Reunited and

Slightly Thickened and Hyperplastic
Dermal Layer. Presence of Large

Club Cells With Irregular Surface.
Regeneration of Muscle Tissue .........

x1i

58

60

60

61

61

63

63

64

64



37

38

39

40

Fish Fed with 700 mg AsA/kg feed at
24d: Showing Numerous Mucous and

Club cells. Epidermis and Dermis

were Normal ........ccceeeeencncccccnns

Structure of Healed Wound at 28d
(Irrespective of Ascorbic Acid

Levels): Normal Epidermis, Dernmnis,
Mucous Cells and Club Cell ......cc00..

Catfish Fed 60 mg AsA/kg feed at 284:
Showing Regenerating Muscle Tissues ...

Fish Fed 700 mg AsA/kg feed at 284d:

Showing Restoration of Normal
Muscle Structure ......ccccceeeeeoccces

xii

65

65

67

67



Table

LIST OF TABLES

Optimum Ascorbic Acid Requirements
for Normal Development and for

Wound Healing of Some Fishes .......

Composition of Experimental Diets

Liver Ascorbic Acid Concentration
(mg/100g) of Clarias gariepinus fed

Different Levels of Ascorbic Acid at
Different Time Intervals ....ceceeee.

ANOVA of Hemoglobin Content (g/dL)
of Clarias gariepinus fed with
Different Levels of Ascorbic Acid

at Different Time Intervals ........

Hemoglobin Content (g/dl) of
Clarias gariepinus fed with
Different Levels of Ascorbic Acid

at Different Time Intervals ........

ANOVA of Hematocrit Value (%)
of Clarias gariepinus fed
with Different Levels of
Ascorbic Acid at Different

Time INtervalsS ....eeeeeeeeeccooccoos

Hematocrit Value (%) of
Clarias gariepinus fed
with Different Levels of
Ascorbic Acid at Different

Time Intervals ...eeeeeeeeenocceennes

ANOVA of Total Erythrocytes Count
(10® mm3) of Clarias gariepinus
fed with Different Levels of
Ascorbic Acid at Different

Time INtervalsS v..eeeeeeeeecseececees

Total Erythrocytes Count (106 mm 3)
of Clarias gariepinus fed

with Different Levels of

Ascorbic Acid at Different

Time INtervalsS ...ceececeeecccccccsos

Page

11

22

40

76

77

79

80

81

82



10

11

ANOVA of Total Leucocytes Count

(10°> mm 3) of Clarias gariepinus

fed with Different Levels of

Ascorbic Acid at Different

Time INtervals ....ceeeeeeeccncennns 83

Total Leucocytes Count (10° mm °3)

of Clarias gariepinus fed

with Different Levels of

Ascorbic Acid at Different

Time InNtervals ....eeeeeeeeccceennes 84

xiv



AsA .
ANOVA
CFU .
H & E
LSD .
mg/kg
MS 222

NADP

NRC .

LIST OF ABBREVIATIONS

XV

Ascorbic Acid

Analysis of Variance

Colony Forming Unit
Hematoxylin & Eosin

Least Significance Difference
Milligram per kilogram
Tricaine methane sulfonate

Nicotinamide Adenine
Dinucleotide

National Research Council



Common Name

African Catfish
Asian Catfish .
Atlantic Salmon
Blue Tilapia .
Blue Catfish
Common Carp
Coho Salmon
Channel Catfish
Fathead Minnow
Green Snakehead
Guppy .
Indian Major Carp

Japanese Flounder

LIST OF FISH

Mexican Native Cichlid .

Nile Tilapia .
Rainbow Trout .
Red Sea Bream .,
Snakehead
Seabass

Sockeye . .

Tilapia . .

Xvi

SPECIES

Scientific Name

Clarias gariepinus

Clarias batrachus

Salmo salar

Tilapia aurea

Ictalurus punctatus

Cyprinus carpio

Oncorhynchus kisutch

Ictalurus punctatus

Pimephelales promelas

Channa punctatus

Poecilia reticulata
Cirrhina mrigala

Paralichthys olivaceus

Cichlasoma uropthalmus

Oreochromis niloticus

Salmo gairdneri

Chryvsophryva major

Ophicephalus striatus

Lates calcarifer

Oncorhynchus nerka

Oreochromis aureus



Turbot . . . . . Scophthalmus maximus

Walleyes . . . . . Stizostedion vitreum
Whitefish . . . . i Coregonus lavaretus
Yellowtail . . . . Seriola guingueradiata

xvii



Abstract of thesis submitted to the Senate of Universiti
Putra Malaysia in fulfillment of requirements for the
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EFFECT OF DIETARY ASCORBIC ACID ON WOUND HEALING,
SUSCEPTIBILITY TO AEROMONAS HYDROPHILA INFECTION,
AND ITS SEQUENTIAL HEMATOLOGY IN THE AFRICAN CATFISH,
CLARIAS GARIEPINUS.
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Two experiments were conducted with African catfish,

Clarias gariepinus (body weight, 80-150 g), under

laboratory conditions. Fish were fed practical-type diets
containing different levels of ascorbic acid (0, 60, 100,
300 and 700 mg/kg). In experiment 1, small surgical
incisions were made in the dorsolateral musculature. Fish
were sampled every 4hr over 14 days and histopathological
assessment of the wound was carried out. The results
showed that irrespective of vitamin levels, epidermis and
dermis were almost completely healed except in fish fed
deficient of ascorbic acid which exhibit delayed collagen

deposition.
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The ascorbic acid concentrations in liver increased
significantly as dietary ascorbic acid concentrations
increased. However, it gradually decreased until the 14th

day of the experiment.

Fibroblast were present at 96h irrespective of the
ascorbic acid level. Skin and muscle at the wound site
were almost normal after 6 days in fish fed 60-700 mg of

ascorbic acid/kg of diet.

In experiment 2, wounded fish were exposed to live

Aeromonas hydrophila by immersion and sampled for
histopathological evaluation for 28 days. Fish fed the
ascorbic acid-free diet have slower wound repair compared
with fish fed diet supplemented with ascorbic acid in the

diet.

The performances of wounded fish fed diets deficient
and supplemented with ascorbic acid were evaluated on the
basis of their haematological parameters such as
haematocrit (Hct), haemoglobin (Hb) content, total
erythrocytes (TRBC), total leucocytes (TWBC) and
differential leucocyte count which were done simultaneously
in experiment 2. Haematocrit values and haemoglobin
content varied with increasing 1levels of ascorbic acid
level in the diets. No significant difference was found in

differential leucocyte count. There were decreasing trends

xXix



of TRBC values with increasing ascorbic acid and an

increase in TWBC in lower ascorbic acid levels.

None of the fish died during the experimental period
and fish fed ascorbic acid-free diet did not exhibit any
deficiency signs. The results of this study therefore
indicate that the optimum 1level of ascorbic acid
requirement lies between 60 to 700 mg ascorbic acid/kg

diet.
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KESAN ASID ASKORBIK DIETARI DALAM PENYEMBUHAN LUKA,
KEBOLEHTAHANAN TERHADAP JANGKITAN AEROMONAS HYDROPHILA,
DAN KESAN HEMATOLOGINYA KEPADA KELI AFRIKA,
CLARIAS GARIEPINUS.

oleh
GREGORIA E. ERAZO
Jun 1997
Pengerusi : Prof. Dr. Mohd. Shariff Mohd. Din
Fakulti > Kedoktoran Veterinar dan Sains Penternakan

Dua eksperimen menggunakan Kkeli Afrika, Clarias

gariepinus (berat badan, 80-150g), telah dijalankan di

makmal. Ikan diberi makan diet praktikal yang mengandungi
tahap asid askorbik yang berbeza (0, 60, 100, 300 dan 700
mg/kqg) . Dalam eksperimen 1, satu 1luka kecil telah
dilakukan di bahagian otot dorsolateral. Ikan disampel
setiap 4 jam selama 14 hari dan penilaian histopatologi
luka telah dijalankan. Keputusan menunjukkan bahawa
kesamaluka pada epidermis dan dermis hampir sembuh pada
semua rawatan kecuali pada ikan yang diberi makanan tanpa
asid askorbik yang mana menunjukkan sintesis kolagen yang

perlahan.
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Kepekatan asid askorbik dalam hati meningkat apabila
kepekatan dietari asid askorbik meningkat. Walau
bagaimanapun, kepekatan pada semua rawatan menurun secara

perlahan sehingga hari ke-14 ujikaji.

Fibroblast dapat dilihat pada 96) pada semua paras
asid askorbik. Kulit dan otot pada tempat perlukaan hampir
kembali normal selepas 6 hari di kalangan ikan yang diberi

makan 60-700 mg asid askorbik/kg makanan.

Dalam eksperimen 2, ikan yang dilukakan didedahkan

kepada Aeromonas hydrophila hidup melalui rendaman dan

disampel untuk penilaian histopatologi selama 28 hari.
Ikan yang diberi makanan tanpa asid askorbik mengalami
penyembuhan luka yang lambat berbanding dengan ikan yang

diberi makanan yang ditambah dengan asid askorbik.

Prestasi ikan yang dilukakan yang diberi makanan
dengan atau tanpa asid askorbik tambahan dinilai
berdasarkan Kkepada parameter hematologi seperti nilai
hematokrit (Hct), hemoglobin (Hb), jumlah sel darah merah
(TRBC), jumlah sel darah putih (TWBC) dan kiraan leukosit
yang dilakukan serentak dalam eksperimen 2. Nilai
hematokrit dan kandungan hemoglobin berubah dengan
peningkatan paras asid askorbik dalam makanan. Tiada
perubahan Kketara yang didapati dalam kiraan leukosit.
Kadar TRBC didapati menurun dengan peningkatan asid

askorbik manakala TWBC meningkat pada kadar asid askorbik

xxii



yang rendah.

Tiada ikan mati semasa eksperimen manakala ikan yang
diberi makanan tanpa asid askorbik tidak pula menunjukkan
sebarang tanda kekurangan. Keputusan kajian ini
menunjukkan bahawa paras optimum bagi keperluan asid
askorbik untuk penyembuhan luka adalah di antara 60 hingga

700 mg asid askorbik/kg makanan.
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CHAPTER I

GENERAL INTRODUCTION

Vitamins supplements are not all essential to fishes
(Boonyaratpalin et al. 1989). Only those that cannot be
synthesized by the fish must be supplemented in diets.
This is especially true for ascorbic acid, a water-soluble

vitamin.

The need to incorporate ascorbic acid (vitamin C) in
fish diets has been demonstrated in rainbow trout (Halver
et al.,1969; Navarre and Halver, 1989; Cho and Cowey, 1991;
Dabrowski and Blom, 1994), coho salmon (Halver et
al.,1969), channel catfish (Lovell, 1973; Andrews and
Murai, 1975; Li and Lovell, 1985; Liu et al., 1989; El-
Naggar and Lovell, 1991), red sea bream (Yano et al.,
1988), snake head (Mahajan and Agrawal, 1979), carp
(Mahajan and Agrawal, 1980), Asian catfish (Butthep et al.,
1985), Nile tilapia (Soliman et al., 1993), and sea bass

(Boonyaratpalin et al., 1989).

Ascorbic acid, which acts primarily as a reducing
agent, is involved in many biological functions (Masumoto

et al., 1991). It hastens wound healing in tilapia
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