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ABSTRACT 

Nile perch collagen and gelatin extraction and physico-chemical 

characterisation 

By 

John Herbert Muyonga 

Promoter: Dr Kwaku Gyebi Duodu 

Co-promoter: Dr Charles George Bernard Cole 

Department: Food Science 

Degree: PhD (Food Science) 

Nile perch (Lates niloticus) is the most dominant fish species in Uganda, accounting 

for approximately 46% of all the fish landed. Industrial processing of Nile perch is 

estimated at 60,000 metric tonnes per annum, but processing waste, which represent 

approximately 50% of the raw material are under-utilised. This investigation was 

aimed at extracting and characterising collagen and gelatin from Nile perch waste in 

order to establish the potential of using these materials as sources for collagen and 

gelatin. 

Acid soluble collagen (ASC) was extracted from young and adult Nile perch skins 

using 0.5 M acetic acid and precipitated using 0.9 M NaCl. The ASC yield, on dry 

basis, was 63.1 and 58.7%, respectively for young and adult fish skins while no 

collagen could be solubilised from bones of young and adult Nile perch by 0.5 M 

acetic acid. The skin collagens were found to consist of two alpha components (al 

and a2). Their imino acid content (19.3 and 20.0%, respectively for young and adult 

fish) and denaturation temperature (36°C) were higher than for most fish species. 

This confirmed that the imino acid content of collagen is a key determinant of the 

denaturation temperature of collagen. Fourier transform infrared (FTIR) spectroscopy 

showed a higher degree of molecular order in ASC from adult than from young Nile 

perch. This suggested a higher incidence of intermolecular crosslinks in adult Nile 

perch ASC. 
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Type A gelatins were extracted from skins and bones of young and adult Nile perch 

perch. Skins gave higher gelatin yield, higher 50°C extractability and skin gelatins 

generally exhibited superior functional properties to bone gelatins. Bone and skin 

gelatins had similar amino acid composition, with a total imino acid content of about 

21.5%. Sodium dodecyl sUlphate polyacrylamide gel electrophoresis revealed that 

skin gelatins had a higher content of polypeptides larger than ~-chains (~200 kD) 

compared to bone gelatins. The functional properties of the gelatins were found to be 

correlated to the molecular weight distribution, with the >~ fraction contributing 

positively to functional properties while the <a. fraction contributed negatively. 

Passing gelatin extract through a column of activated carbon eliminated the fishy 

odour. 

Forier transform infrared spectroscopy indicated that denaturation of collagen to 

gelatin leads to loss of molecular order and that the later gelatin extracts, derived from 

the more crosslinked collagen, possess higher molecular order than earlier gelatin 

extracts. 

In general, the results showed that Nile perch skins and bones have potential for 

supplementing mammals as sources of gelatin. There is also potential of exploiting 

Nile perch skin as source of acid soluble collagen. It was also shown that there are no 

marked age-related changes in Nile perch collagen solubility as well as gelatin 

extractability and properties, probably because there is minimal development of 

mature crosslinks with animal age, in Nile perch collagen. 

vii 

 
 
 



T ABLE OF CONTENTS 

Title Page i 


DEDICATION .............................................................................................................. ii 


DECLARATION ......................................................................................................... iii 


ACKNOWLEDGEMENTS .......................................................................................... iv 


ABSTRACT ..................................................................................................................vi 


TABLE OF CONTENTS ........................................................................................... viii 


LIST OF TABLES ...................................................................................................... xii 


LIST OF FIGURES ................................................. .. ..................................................xiv 


1 INTRODUCTION & LITERATURE REVIEW ........................................................ 1 


l.1 STATEMENT OF PROBLEM ............................................................................ 1 


1.2 LITERATURE REVIEW ..................................................................................... 2 


1.2.1 Gelatin sources and uses ............................................................................... 2 


1.2.2 Manufacture of gelatin and its effect on gelatin properties ........................... 5 


1.2.3 Collagen ................................................. .. ..................................................... 8 


1.2.3.1 Amino acid composition ........................................................................ 8 


l.2.3.2 Collagen super secondary structure ..................................................... 10 


1.2.3.3 Collagen variants .................................................................................. 1 0 


1.2.3.4 Age-related changes in collagen .......................................................... 12 


1.2.3.5 Stability of collagen to chemicals, enzymes and heat.. ........................ 16 


1.2.4 Changes associated with conversion of collagen to gelatin ........................ 17 


1.2.5 Properties of gelatin .................................................................................... 18 


1.2.5.1 Composition ......................................................................................... 18 


1.2.5.2 Molecular weight distribution .............................................................. 21 


1.2.5.3 Isoelectric point .................................................................................... 23 


1.2.5.4 Gel strength ................................................................. ....................... .. 24 


1.2.5.5 Melting point ........................................................................................ 25 


l.2.5.6 Setting point and setting rate ................................................................ 26 


1.2.5.7 Viscosity...... .............. ... ........................................................................ 27 


1.2.5.8 Turbidity... ........ ................................................ .. ........ .. ....... ................. 28 


1.2.5.9 Colour................................................................................................... 29 


1.2.6 Effect of cross linking on the functional properties of gelatin ..................... 29 


l.2.7 Effect of age of source animals on the properties of gelatin ....................... 30 


viii 

 
 
 



1.2.8 Use of Fourier transform infrared (FTIR) spectroscopy in the study of 


collagen and gelatin .................................. ...... ... ................................... ........... .. ... 31 


1.3 GAPS IN KNOWLEDGE .................................................................................. 35 


1.4 HYPOTHESES ..................................................................................................36 


1.5 OBJECTIVES ...... ..................... ............................ .. ................................. ... .......36 


2 RESEARCH .............. .. ... .................................................................................... ....... 37 


2.1 CHARACTERlSAnON OF ACID SOLUBLE COLLAGEN FROM SKINS 


OF YOUNG AND ADULT NILE PERCH (Lates niloticus) ........ ... ..................... .. 37 


2.1.1 Abstract ....... ....................... .................... ..... ........... .................................... . 37 


2.1.2 Introduction ................ .. ... .. ..........................................................................38 


2.1.3 Materials and Methods ................... ....... ........... ............. ............................. .40 


2.1.3.1 Raw materials .... .. ............................................................................. ... .40 


2.1.3.2 Proximate analysis .............................................................................. .40 


2.1.3.3 Extraction of collagen ............................................. ...... ...................... .40 


2.1.3.4 Determination of collagen denaturation temperature ... ........... ............ .41 


2.1.3.5 Amino acid analysis ..................................................... .. ..................... .42 


2.1.3.6 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS­

PAGE) .... .............................................. ... .... ...... ..... .. ........................................42 


2.1.3.7 Fourier transform infrared spectroscopy ........................ ..................... .43 


2.1.3.8 Statistical analysis ............................................................................... .43 


2.1.4 Results and Discussion .................................................... ........................... .44 


2.1.4.1 Proximate composition of Nile perch skins .... .... ... ................. .... .. ...... .44 


2.1.4.2. Solubility of Nile perch skin solids .............................................. .. .... .44 


2.1.4.3 Denaturation temperature of Nile perch skin collagens .. .................... .45 


2.1.4.4 Amino acid composition of Nile perch skin collagens .......... .. ........ ... .46 


2.1.4.5 Electrophoretic pattern of Nile perch skin collagens ............. ... ........ .. .49 


2.1.4.6 Fourier transform infrared spectra for acid soluble collagens ............. 52 


2.1.5 Conclusions ................................... .. .......... .. ................................................ 56 


2.1.6 Acknowledgements .. ....................... .. ........ .. .......................... ........ .. .... .... .... 57 


2.1.7 References .......... ............................... ... ........ .. .......... .... ... ...................... ... ... 58 


2.2 EXTRACTION AND PHYSICO-CHEMICAL CHARACTERlSA nON OF 


NILE PERCH (Lates niloticus) SKIN AND BONE GELATIN ............................. 64 


2.2.1 Abstract .................................................. .......................... ............. ............ .. 64 


2.2.2 Introduction ................................... .... ... .. ... .... ............... ............................... 65 


2.2.3 Materials and Methods .... ..... ....... ... .... .. ...... .... ........ ...... ........ .... ................... 67 


IX 

 
 
 



2.2.3.1 Raw materials .. ...... .. ......................... ..... .. ................ .. ..... .. ....... .... ......... 67 


2.2.3 .2 Pre-treatment .............................. .. ................. ...... .......... ...... ..... ......... .. .67 


2.2.3.3 Gelatin extraction ...................................................................... .. ....... .. 68 


2.2.3.4 Analysis of gelatins ...... .. ...... .... .................... .. ........ .. ..... .. ....... .... .. ..... ... 69 


2.2.3.4.1 Proximate composition ofgelatins ........ .. .. .. ...... .... .. .. .. .. ................ 69 


2.2.3.4.2 Determination ofisoionicpoint .............................. .. ...... .... .. ...... ..70 


2.2.3.4.3 Determination ofgelatin colour and turbidity .............................. 70 


2.2.3.4.4 Determination ofgel strength .................................. .. ................... 70 


2.2.3.4.5 Determination ofviscosity.... .. .... ... .. .... .... ...... ... .... .. ................ .... ... 71 


2.2.3.4.6 Determination ofsetting point and setting time ........ .... .............. .. 71 


2.2.3.4. 7 Determination ofmelting point ...... .. ...................... .. ...... .... ...... .. ... 71 


2.2.3.4.8 Texture profile analysis ................ .. .... .. ...... .. .. .. .. .. ........ .. ............... 72 


2.2.3.4.9 Sensory evaluation ...... .. ................................................... .. .... ... .... 72 


2.2.3.4.10 Determination offilm properties .... ...... .. .. ... ...... ..... .... .. ........ ....... 73 


2.2.3.4.11 Amino acid analysis .................. ..... ... .. ................... .. ................ .. .73 


2.2.3.4.12 Sodium dodecyl sulphate gel electrophoresis (SDS-PAGE) .......74 


2.2.3.5 Statistical analysis ....................................... .. ........... .. ....... .. ................. 75 


2.2.4 Results and Discussions ....... ................ .. ............................................... .. .... 76 


2.2.4.1 Proximate composition of raw materials ... .. ....... .. .. ....... ... ..... ...... ... ...... 76 


2.2.4.2 Gelatin yield and extractability .............. .. .... .... ...... .. .............. .. ............ 76 


2.2.4.3 Isoionic point. ... ...... .... ..... .... ..... .. .. ..... .... .... .. ....... ... ...... ..... ......... ........... 79 


2.2.4.4 Proximate composition of gelatins ... ...... ... ........... ..... ............. .... .... .. .... 79 


2.2.4.5 Gelatin odour ............ .. ......... .. .... .. ............... .... ...... ... .. ... ... .. .. ... .... .. ........ 82 


2.2.4.6 Gelatin colour and turbidity ................................................................. 82 


2.2.4.7 Gelatin viscosity and gelling properties ...... .. ............... .. ..................... 82 


2.2.4.8 Film properties ......................................... .. ................ .. ..... .. ................. 88 


2.2.4.9 Molecular weight distribution ....... .. ...... .. ................ ...................... ....... 89 


2.2.4.10 Amino acid composition .. ...... .. ................. .. ............... ........................ 93 


2.2.5 Conclusions .................................... ............... .. ...... .. ........ ............................ 96 


2.2.6 Acknowledgements .... .............. ............ .. .... .. ....... ..... ........ ..... .... .. ....... ... ...... 96 


2.2.7 References .. .... ..... ..... ... .. .. ..... ... .. ... ..... .... .... .. .. ....... .. .. .... ... ... ............ .. ... .... .... 97 


2.3 FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPIC STUDY 


OF ACID SOLUBLE COLLAGEN AND GELATIN FROM SKINS AND BONES 


OF YOUNG AND ADULT NILE PERCH .......... .................. .. ................ .... .. .. .. ... 101 


2.3.1 Abstract ........ .. ....... .... ..... .... .... ... ....... .. ............. .. ...... .. ............................ .. .. 1 0 1 


x 

 
 
 

http:2.2.4.10
http:2.2.3.4.12
http:2.2.3.4.11
http:2.2.3.4.10


2.3.2 Introduction ......... .... .. ........ .............. ............ ..... .... .... ... ........ .... ... ........ .. .. ... 102 


2.3.3 Materials and Methods .............................................................................. 104 


2.3.3.1 Preparation of acid soluble collagen .. ...... .... .... ... ......... ........ .. ............ 104 


2.3.3.2 Preparation of gelatins..... .... .. ... ........ .. ..... ...... ..... ... ... ...... ... .. ... ............ 104 


2.3.3.3 Fourier transfonn infrared spectroscopy ....................... ... ...... ...... ... ... 1 06 


2.3.4 Results and Discussions ... .. ....... ... .... .... .. ..... .. ............... ............. .. .............. 1 06 


2.3.4.1 Spectra for skin gelatins ...... ................................... ............. .... ... ...... .. 108 


2.3.4.2 Spectra for bone gelatins .................................................................... 111 


2.3.4.3 Amide I band components for Nile perch skin and bone gelatin ....... 113 


2.3.5 Conclusions .. .. ....................................................... ............. ......... ... ... ... .. ... 117 


2.3.6 Acknowledgements ................................................................................... 118 


2.3.7 References ..... ... ..... .. ....... ....... ........ .. .. .............. .. .. .................... .. ....... .. ... ... . 119 


3 DISCUSSION ........................ ......... ................. .. ........ .... ... ... ..... .. ........ .. ... ...... .. ... .... 122 


3.1 DISCUSSION OF METHODS USED ...... .... ..... .... ... .............. ... ...... .. ... ..... ... .. 122 


3.1.1 Gelatin manufacture process and quality of resulting Nile perch gelatin .122 


3.1.2 Methods for detennination of gelatin functional properties ...... .. ............ . 124 


3.1.3 Methods for chemical analysis of gelatin........... ...... ................................. 125 


3.1.3.1 SDS PAGE ...... ...................... ........ ... .. .. ......................... .. .. ..... ............ 125 


3.1.3.2 Amino acid analysis .... ....... ..... ......... .... ............................. .. ........ ....... 126 


3.1.3.3 Fourier transfonn infrared (FTIR) spectroscopy ... ... ... ... ... ..... ..... .. ... .. 127 


3.2 DISCUSSION OF STUDY RESULTS ........................................................... 128 


4. CONCLUSIONS AND RECOMMENDATIONS ................................................ 143 


5. REFERENCES ....................................................................................................... 147 


LIST OF PUBLICATIONS ......... .... ..... .... ........ .. ... ... ... .... ... ..... ...... .. .... ..................... . 166 


xi 

 
 
 



LIST OF TABLES 

Table 1.1: Amino acid composition (gil 000 g protein) of some gelatins ........ ........... 20 


Table 2.1.1: Proximate composition of skins from young and adult Nile perch ........ .44 


Table 2.1.2: Solubility of solids from skins of young and adult Nile perch in solutions 


used in collagen preparation ...................................................................... 45 


Table 2.1.3: Amino acid composition of acid soluble collagen from skins of young 


Table 2.1.4: Proportion of total imino acids and percent hydroxylation of lysine and 


Table 2.1.5: FTIR spectra peak positions and assignments for acid soluble collagen 


Table 2.1.6: Peak location (cm- I
) and percent area (in brackets) of fitted components 


Table 2.2.1: Proximate composition ofNile perch skins and bones obtained from 


Table 2.2.2: Extractability, isoionic point and yield of gelatin from Nile perch bones 


Table 2.2.3: Proximate composition of gelatins derived from skins and bones of 


Table 2.2.4: Functional properties of gelatin extracted from different raw materials at 


and adult Nile perch ......... .. ........................................................................48 


proline in collagen from skins of young and adult Nile perch .................. .49 


from skins of young and adult Nile perch .................................................. 54 


of amide I band for collagen from skins of young and adult Nile perch ... 56 


young and adult fish .... .... ............................................. ..... ...................... ... 76 


and skins ......... .. .... .. ........... ..... ...... ........ .... ........ .... ............ ........... ... .... .... ... 77 


young and adult Nile perch ........................................................................ 81 


various temperatures .............................................. .... ......... .. ..................... 84 


Table 2.2.5: Texture profile of Nile perch, bovine bone and commercial fish gelatin 86 


Table 2.2.6: Film properties of Nile perch skin and bone gelatin, bovine bone and 


commercial fish gelatin .................................. .. .......................................... 88 


Table 2.2.7: Molecular weight distribution of gelatins obtained from different raw 


Table 2.2.8: Correlation coefficients between % of different molecular weight 


Table 2.2.9: Amino acid composition of gelatin from skins and bones of young and 


materials at varying extraction temperatures ............................................. 91 


fractions and some functional properties of gelatin ................................... 93 


adult Nile perch ............. ......................... .... ........ ...... ........ .. .......... .. ............95 


Table 2.3.1: Source, extractability and Bloom of gelatins used ................................ . 1 06 


Table 2.3.2: FTIR spectra peak position and assignments for Nile perch skin and bone 


gelatins .................. .. ................................................................................. 107 


xii 

 
 
 



Table 2.3.3 : Location and percent area contribution of amide I components for Nile 


perch skin and bone gelatin and skin acid soluble collagen ........ .. ..... .. ... 113 


Table 3.1 Summary of the proposed relationship between functional and chemical 


properties of Nile perch gelatin .. ..... ..... ......... ........ ........... ..... ....... .... ... .... 135 


Xlll 

 
 
 



LIST OF FIGURES 


Figure 1.1: Procedures for gelatin extraction from different sources (Adapted from 

Poppe, 1992) ................................................................................................ 7 

Figure 1.2: Triple helical structure characteristic of collagen (Adapted from Bailey & 

Light, 1989) ............................................................................................... 1 0 

Figure 1.3: Formation of immature aid imine and keto-imine crosslinks in collagen 

(Source: Bailey, 1991) ............................................................ .. ................. 13 

Figure 1.4: Maturation of immature collagen cross links A - aldimine & B - keto-imine 

(Source: Sims et aI., 2000) ......................................................................... 15 

Figure 2.1.1: Denaturation curve of collagen from skins of young and adult Nile perch 

as shown by change in fractional viscosity with temperature for 0.1 % 

(m/v) solutions of collagen in acetic acid. Td is the denaturation 

temperature .................. ... ............. .............................................................. 46 

Figure 2.1.2: SDS polyacrylamide gel (7.5%) electrophoretic pattern for acid soluble 

collagen under non-reducing and reducing conditions. 1 & 8 - Molecular 

weight markers, 2 & 5 - calfskin collagen, 3 & 6 - collagen from skin of 

adult Nile perch, 4 & 7 - collagen from skin of young Nile perch ........... 51 

Figure 2.1.3 : Average FTIR spectra for triplicate samples of acid soluble collagen 

derived from skins of young and adult Nile perch ....................... ....... ....... 53 

Figure 2.1.4: Amide I band for collagen from the skins of young and adult Nile perch 

with fitted band components .................................... .. .............................. .. 55 

Figure 2.2.1: Typical texture profile for gels containing 6.67% of Nile perch skin (a) 

and bone (b) gelatin ............................................. .. ................................ .... 87 

Figure 2.2.3: SDS PAGE densitograms for gelatins from skin of adult Nile perch (a), 

skins of young Nile perch (b), commercial fish gelatin (c), gelatin from 

bones of adult Nile perch (d), bones of young Nile perch (e) and bovine 

bones (f). Nile perch gelatins were extracted at 50°C. Extraction 

temperature for the other gelatins not known .......... .................................. 90 

Fig 2.3.1: FTIR spectra for young Nile perch skin acid soluble collagen (1), adult 

Nile perch skin gelatin extracted at 50°C (2), young Nile perch skin gelatin 

extracted at 50°C (3), young Nile perch skin gelatin extracted at 60°C (4) 

and adult Nile perch skin gelatin extracted at 70°C (5) ........................... 110 

xiv 

 
 
 



Fig 2.3.2: FTIR spectra for young Nile perch skin acid soluble collagen (1), gelatin 

from young (2) and adult (3) Nile perch bones extracted at 50°C and from 

young (4) and adult (5) Nile perch bones extracted at 70°C. ....... .... ... .... 112 

Fig 2.3.3: Amide I band for Nile perch gelatins and collagens with fitted band 

components ...... ..... ............ ... .... ........................ ...... ..... ...... ........... .. .......... 116 

Figure 3.1: Schematic representing proposed changes occurring during the 

conversion of collagen to gelatin. a) monomeric collagen; b) crosslinked 

collagen. Adapted from Bailey (1991) . ..... ......... ... ............. ........ .......... .. . 136 

Figure 3.2: Schematic representing proposed changes during gelation of gelatin 

derived from a) gelatin without intermolecular crosslinks; b) gelatin 

containing a high concentration of intermolecular cross links (Adapted 

from Bailey, 1991) . ..... .. ............ ..... ...... .. ..... ... .... .......... .. .... ...... ...... ...... ... . 138 

xv 

 
 
 


	FRONT
	Title page
	Dedication
	Declaration
	Acknowledgements
	Abstracts
	Table of contents
	List of tables
	List of figures

	Chapter 1
	Chapter 2
	Chapter 3-4
	References



