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CHAPTER |

INTRODUCTION

Gelatin is water-soluble, hydrophilic, derived colloidal proteins produced by
controlled hydrolysis of water-insoluble collagen by breaking of the triple-helix structure
of collagen, which is the major protein component in skin, bones, hide, and white
connective tissue of animal body. Molecular siructure of gelatin produced by hydrolysis
is polypeptide with 18 types of amino acids and li.eontains a large proportion of glycine,
proline and 4-hydroxyproline residues (Féegeding et al., 1996). Although widely used in
variety of applications, buiQelatin gel, as most protein gels, does not have ideal
mechanical properties and water vaporYIL barrier, which limited its application. Cross-
linking, by means of chemigal corﬁpou.‘ﬂé's such as formaldehyde, glutaraldehyde,
dextran dialdehyde and egarbodiimide (ZF_\;ang et al., 2006), is usually carried out to
improve the aforementioned properties. HéWeyer, due to an increasing concern in the
cooperation of chemical® compounds: in f_b(ggl or food contact materials, alternative

approaches for cross-linking of galatin are in\ésft‘lbated.

Phenolic compounds in ‘fboa and nﬁ%fé-é':e;-u-ticals originate from one of the main
classes of secondary."rhetabolites in plants derived from ph‘é‘nylalanine and, to a lesser
extent in some plants, “‘also from tyrosine. Chemically, phenolics can be defined as
substances possessing gan. aromatic ringgbearing one or more hydroxyl groups,
including their; functional derivatives (Shahidi ‘and~Naczk, 2006). Polyphenols are a
structural class of natural, synthetic and semi-synthetic organic chemicals characterized
by the presence ofarge imultiples| of phenolics, which' are: widelydistributed as minor
components but are functionally important constituents of plant tissues, occur mainly in
rigid tissues, such as the hulls of cereal grains, cell walls of fruits (e.g. grapes, apples),
coffee beans, tea leaves, and tubers (e.g. potatoes). The most common polyphenols are
hydroxylated cinnamic acids such as caffeic acid (3, 4-dihydroxycinnamic acid),
chlorogenic acid (its quinic acid ester), caftaric acid (its tartaric acid ester), and

flavonols such as quercetin and rutin (its rutinoside). These compounds have an ortho-


http://en.wikipedia.org/wiki/Synthetic_compound
http://en.wikipedia.org/wiki/Semisynthesis
http://en.wikipedia.org/wiki/Phenol

diphenol (or a 1-hydroxy-2-methoxy) structure (Strauss and Gibson, 2004). Phenolic
compounds have in common multiple phenolic functionalities, high molecular weights,
and the ability to bind protein, its can react with some amino acid in proteins such as
tyrosine, lysine, hydroxyproline and cross-link protein molecules (Gomez-Guillen et al.,
2002; Toshiyuki et al., 2003). Thus, it can be used as a cross-linking agent to improve

the properties of protein-based edible gels/films.

The objectives of this tigate the extent of cross-linking by

means of oxidative reacti with gelatin molecules and to
observe the chemical an ' the cross-linked gelatin. The work was
divided into two parts. | ta o enoli some plants were extracted and
determined. For the se | sing various polyphenol: free
amino ratios was carrie sical properties of cross-linked

gelatin were studied.

AULINENTNEINS
RINNIUUNIINIAY



CHAPTER 1l

LITERATURE REVIEW

2.1 Gelatin

Gelatin is denatured collagen, which is the major protein component of cartilage,
bone, skin and connective tissue and constitutes the major part of the extracellular
matrices in animals. Insoluble collagen is converted to soluble gelatin by acid or alkaline
processing. Gelatin type A with-isoionic point-of 7 to 9, is processed by an acidic
pretreatment before thermal denaturation. Gelatin type B, with isoionic point of 4.8 to
5.2, is processed by an‘alkaline pretreatr‘Tent. The alkaline pretreatment is supposed to

convert amide residues of glutamine._and} asparagines into glutamic and aspartic acid,

-

which leads to a 25% higher carboxylie aeid content for gelatin type B than for gelatin

| 4

type A (Veis, 1964; Bailey and Light, 1989)Ldelatin is sold with a wide range of special
properties, such as gel stength, to suit particular applications. Gelatin forms thermally
b )

add 3 ¥
reversible gels with water, and the-gel melting_.tenpperature usually below 35°C, is below

human body temperature, which gives gelaﬁbroducts unigque organoleptic properties

and flavor release.

The relative i-hglependence of pH 4 to 9 for gelat‘i'o-al makes gelatin particularly
useful for a broad rear'i'ge of applications. Yet, the sing"lé largest food application of
gelatin is cold=desserts| becduse fof ithe “Gnigue eold-set™gélling and melt-in-mount
property of the protein. A typical gelation process will involve heating the gelatin solution
to passyits cdenaturationspoint and thens eoolings rapidly jtesallow grenaturation and
interaction of gelatin molecCulesto form a protein gel'matrix. Because thé hydrogen bond
is the predominate force that stabilizes the gel and no inter-peptide covalent linkages
are present, the gelatin gel is thermo-reversible and readily melts at body temperature
(Xiong, 1997; Yada, 2004). Rapid gel setting is essential to immobilization and an even

distribution of other particles in the gel matrix.



2.1.1 Chemical composition and structure

Gelatin is not a single chemical substance. The main constituents of
gelatin are large and complex polypeptide molecules of the same amino acid
composition as parent collagen. The primary structure, such as amino acid sequence, of
collagen and gelatin consist of 18 amino acids. Coils of amino acids are joined together
by peptide bonds. The predominant amino acid sequence is Gly-Pro-Hyp (Poppe,
1997). As a result, gelatin contains relativelyhigh levels of these amino acids: glycine
(Gly) 26-34%, proline (Pro) 10-18%, and hydiexyproline (Hyp) 7-15% (Veis, 1964). Other
significant amino acids include-alanine (-jAIa) 8-11%, arginine (Arg) 8-9%, aspartic acid
(Asp) 6-7%, and glutamigracid (Glu) 10,'12% (Veis, 1964: Hudson, 1994) (Table 2.1).
The secondary structuregssuch as logal cénfiguration of chains, does not favor formation
of Ol-helical chain segments becauée of‘:tﬁe high number of prolyl and hydroxyprolyl
residue. Collagen chaing' age helical m%ofbmolecules with a tendency mainly for
interchain, more than intrachain, hydrogé;i,.' bonding (Carver and Blout, 1967). The
tertiary structure standing for Iargé—scale"r-fféa‘ding and helicity of collagen is better
understood through the fundamé’htai unit trobéé%ﬁagen. Tropocallagen is a right handed
superhelix with a repeat unit of Bott 100 /é'\“'ﬂ"é'.(i'ﬁ"sisting of three left-hand stands (Rich
and Crick, 1961). ngﬁ ‘or three of these chains can be CO\).éIently linked to form a 3-

chain or a Y-chain, respectively. The quaternary structure refers to formation a small to

medium size aggregates ©of tropocallagen malecules (Figure 2.1).

The primary ‘structure of gelatin is almost identical to that of parent
collagen, but. for same _small. differences . due .10 .the .pretreatment, a dextraction
processes. " These “differences*include” removal " of*amide=group- of “asparagines and
glutamine, conversion of arginine to ornithine and removal of telopeptides (Johnston-
Banks, 1990). The precise macromolecular constitution of gelatin resulting from a
melting process that depends on collagen source and on the extraction method. Gelatin
chain can be intertwined back into the collagen helix through an appropriate technique,

such as cooling or annealing in solution (Johnston-Banks, 1990).



GLY-X-Y-GLY-PRO-Y-GLY-X-HYP-GLY-PRO-HYP
(a)

HzNH zC ? =0
QOB B X Y

ug
RN

Figure 2.1 The formation of collagen: (a) primary, (b) secondary, (c) and (d) tertiary, and

(e) quaternary structure.

Source: Gennadios (2002)



Table 2.1 Amino acid composition of gelatin.

Amino acids % by weight | Amino acids % by weight | Amino acids % by weight

Glycine 26-34 Proline 10-18 Hydroxyproline 7-15
Glutamic acid 10-12 | Alanine 8-11 | Arginine 8-9
Aspartic acid 6-7 | Lysine 4-5 | Serine 3-4

2-3 | Phenylalanine 1-3

Leucine 2-3 | Valine

Threonine* 1-2 Hydroxylysine 1-2

Methionine** <1

Tyrosine <0.5

* Essential amino acid which zing or at the gelatin process

** Essential amino acid w

Source: Veis (1964); Hud

!
Gelatin is a pro partial hydrolysis of water-insoluble
collagen by breaklngﬁf the trlpl"é'-ﬁ'eT‘X stru which is the major protein
component in skin, bones, hide, and white connecti of animal body. Molecular

-

structure of gelatin proﬂce by | ptidﬂwith 18 types of amino acids

and it contains a large qﬁo&rtion of glycin%‘proline and 4-hydroxyproline residues. A

typical structuﬂ § Al ATl Gl ICTo-AHpRh-Bré-) &s @ partal product of

collagen (FlguréuZ 2), the structure ef gelatin is S|m|Iar to collagen but it has shorter

AR ITU URIAINYA Y

CiooHisgNg Ogg + HO oo > CipH15N5 Ogg
(Collagen) (Gelatin)
Figure 2.2 Hydrolysis of collagen to gelatin.

Source: Carver and Blout (1967)
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c) Change in chain configuration.

There are basically two processes by which collagen is processed to
gelatin (Johnston-Banks, 1990; GMIA, 1993). In the first process, the collagen in hide or
deminerlized bone is partly depolymerized by prolonged liming that breaks down
covalent cross-links. The occurring hydrolysis results in extensive release of collagenous

material, which is solubilized at near neutral pH at high temperatures. The acid process



involves soaking skin or bone in a dilute acid followed by extraction at acidic
pH. Sometimes, acid pretreatment is used for beef ossein, but this is relatively

uncommon.

2.1.3 Gelatin properties and uses

2.3.1.1 Solubility Gelatin is'soluble in water and in aqueous solution of
polydydric alcohols such as glyeerol and, propyiene glycol. Many water-soluble organic
solvents are compatible-with gelating but interfere withrits gelling properties. Dry gelatin
absorbs water exothermally.+The cross—l'rlnking of gelatin“matrix by chemical means is
used extensively in photographic prqducrs,l,and this so ealled hardening permanently

reduces the solubility ofigelatin. ~

In products with Iimited moisture, as in confectionery, and where there is
another polymer, as in glucase syrup, combetlng for the available water, gelatin can
precipitate resulting in loss of * gelatron and_croudlness In these cases the gelatin
solubility is very dependent on-the: charge *on ‘tﬁe proteln molecule or the pH of the
product. Hence, the furﬂwer—the—product—pH is=from-the rsoronlc pH the better will be the

solubility and performance of the gelatin.

2:34.2 Adhesive spreperties~Possiblythe oldest. use of gelatin was as
animal glue. For, adhesion to'take place a warm gelatin solution must be used and the
gelatin _must. not _have _gelled before _the _sdrfaces .to be _glued are brought
together.! Gelatin-based glues are‘also‘Used as adhesivesito put those-organic stickers
on fruits and vegetables. Gelatin is also used in prepared meat products such as
canned ham, luncheon meats, turkey, and chicken rolls where it helps to maintain

consistency and moisture.

2.3.1.3 Gelation. The gelation and structure formation are important

functional properties of gelatin in fabricated and natural product. Gelatin contribute in


http://www.gelatin.co.za/gltn1.html#Isoionic

varying degrees to the solid or elastic properties of the food by formation of an orderly,
three-dimensional network of associated or aggregated gelatin molecules that are
capable of physically entrapping large amounts of water within the matrix (Hermansson,

1979).

The formation of gel from protein is apparently a two-step process. The
first step involves a change in  confermation, usually heat-induced, or partial
denaturation of the protein molecules. As denaturation proceeds, the viscosity of the
dispersion increases owing to-an incre_ese in-melecular dimensions of the unfolding
protein. This is followedsy™a gradual association er aggregation of the individual
denatured proteins. Dufing _the association step, thereétis an exponential increase in
viscosity as the material"approaches a eoptinuous network. This dispersion of protein

aggregates then beingsito display, some-ofithe characteristics of an elastic solid, i.e. the

i
\ &
4 ]

storage modulus (G') of thg solution inc;tease. This second step should be below,
relative to the first, so that'a wellior'ganize'('ﬂf"'gel network is formed. If the second step
occurs too quickly, a random network s a coagulum that is unable to hold water is

formed and syneresis occurs. A crmcal ba?ance betvveen attractive and repulsive forces

‘v___' -

must also be present .for successful network formation an-d stab|||zat|on (Hermansson,

1979). If attractive forces predominate, a coagulum is formed and water is expelled from

the gel matrix. If repulsive forces predominate, no network will be formed.

The gelling properties of gelatin“are influenced by the structure and size,
their concentration, the source of gelatin, and the various processing conditions such as
pH, ioni¢ strengthi.and heating’ rate." Gelation imay “occur, durifig heating and upon
cooling depending on the condition of gelation. A thermo-set gel is formed upon
heating, and thereafter cannot melting without destroying the primary structure of the
original protein molecules (Rodriguez, 1982). The process involves the formation of an

elastic solid, a permanently cross-linked three-dimensional solid network.

In confectionery, gelatin is used as the gelling binder in gummy

products, wine gums etc. In the manufacture of these products gelatin is combined with
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sugar and glucose syrups. Incompatibility between gelatin and glucose syrup can occur
(Marrs, 1982) and is a function of the concentration of glucose polymers containing
more than 2 glucose units, contained in the syrup. Competition between gelatin and
glucose polymers for water in low water content products can result in, at worst,
precipitation of the gelatin and at best a marked loss in gelling properties or hardness of
the product. It is also known that different gelatins with similar properties in water can

have very different properties in confectioneny formulations (Marrs, 1982).

Some raw fruits like pinegpple ahdspapaya contain proteolytic enzymes
like bromelain which hydrelyze gelaiin and destroy its-gelling ability. In such cases it is
essential that the fruit is*€ooked o destroy protease before the fruit is added to gelatin

|

solutions. v

-

-l

2.3.1.4 Film Forming proﬂfrti'es. Gelatin's film forming properties are
used in the manufacture of both h,arl_d and'yg'g‘ftJ_(pharmaceutical) capsules. Gelatin films
shrink with great force on drying‘,,ﬂ,hence".:'s'up.h uses usually involve the addition of
polyhydric alcohols to modify the a'dhesion@"d:'ﬂexibility of the dry film. Also, for film
forming, a gelatin with a high viseosity is pre%éffleé'to one with a low viscosity.

2.3.1."5-“‘Emulsifying properties. Gelatin is alm'photeric, meaning that it is
neither acidic nor alkatiy but possesses both properties depending on the nature of the
solution. The pH at,which-gelatin’s, charge" .in ,solution is neutral is known as the
isoelectric point, Theviseeleciric' point of gelatin’' ranges between 4.8 and 9.4, with acid
processed gelatins_having higher ‘fisoelectric _peints than alkali“processed gelatins
(Poppe, 1997). Thelamphoteri¢' character as iwell as hydrophobiciareas on the peptide
chain gives gelatin limited emulsifying and emulsion stabilizing properties used in the
manufacture of toffees and water in oil emulsions like low fat margarine, cosmetic and

pharmaceuticals..

2.3.1.6 Stability. Dry gelatin has an almost infinite shelf life as long as the

moisture content is such as to ensure that the product is stored below the glass
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transition temperature. The stability of gelatin in solution depends on temperature and
pH. Generally, to minimize loss of gel strength and viscosity with time, the pH of the
solution should be in the range 5 to 7 and the temperature should be kept as low as
possible, consistent with the avoidance of gelation and the suitability of the solution
viscosity to the particular application. Often the cause of degradation or hydrolysis of
gelatin in solution is microbial proliferation, so gelatin solutions should not be stored for
longer than absolutely necessary. Maoreover, after addition of the acid to confectionery

formulations, the solution should be used and«Caoled/gelled with minimal delays.

-

2.3.1.7 Mieroencapsulation - Mixed film forming properties. Besides

being precipitated by jpolymers competing for water, gelatin is amphoteric, i.e. it has
A

both positive and negative gharges on the‘molecule. Hence, at a pH where the basic

side chains do not carry'a charge, acid-greups for example from gum arabic can react

A &

with the basic groups of gelatin to form an-"ins'oluble gelatin-arabate complex which can

be precipitated around emulsified 0|l drop}ét‘s forming microencapsulated oil. Hard
#

microcapsules use aldehydes to ~Cross= lrﬁl{' gnd stiffen the structure of gelatin.

Formaldehyde  and glutaraldehyde ?e used as hardening agents

o Join e
=4

for mlcroencapsulation of flavors

2.3.1.-SNNutritionaI properties. As stated eé‘lrl-i-er, gelatin is not a complete
protein source becausé it is deficient in tryptophan aﬁd low in methionine content.
However the digestibility is‘excellent and'it isiofien used in‘feeding invalids and the high
level of lysine (4!%) is noteworthy. More controversially, studies have shown that the
consumptien-of 7 10y 10! g/day=can, sighificantlyiimpréve fail ‘growth [Fate and strength

(Schwimmer and Mulinos, 1957).
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2.2 Phenolic compounds

Phenolic compounds constitute a large group of secondary plants products
which differ in chemical; structure and reactivity. Phenolic is used to define substances
that possess one or more hydroxyl (-OH) substituent bonds onto an aromatic ring. The

name derives from the simple parent substance phenol (Figure 2.4). Compounds that

have several or many phenolic hydroxyl substuents are often referred to as polyphenol
(Waterman and Mole, 1994). ,

!

Figure 2.4 Basic structure of p

R AT
Source: Waterman and Mole hﬁ!’ff =
ST 2/

-
il = =

v

't‘\
2.2.1 The most img c-compounds

J U

A group .of polyphenols, r&)aonsible for the color of many fruits,

vegetables, arﬂ ﬂweﬁl\ ‘a'g; ‘w % ‘ﬁ ﬁjtrWﬂﬂ' ﬂaf&é are several important

classes of phe lic compounds T%ble 2.2). Accordlng to the baS|c skeleton, the

LA LA e

(volatile ghenols), to highly polymerized compounds, such as condensed tannins.



Table 2.2 The classes of phenolic compounds in plants.

Number of

Carbon atom

Basic skeleton

Class

Examples

6 Cq Simple phenols Phenol, hydroquinone
Benzoquinones 2,6-Dimethoxybenzoquinone
7 C,-C, Hydroxybenzoic acids | Gallic, p-hydroxybenzoic
8 C,-C, 3-Acetyl-6-ethoxybenzaldehyde
p-Hydroxyphenylacetic
9 C,-C Caffeic, ferulic, p-coumaric
- Myristicin, engenol
| Aesculetin
Bergenon
Eugenin
10 Cs - Juglone
13 Cq-C, ‘ Mangiferin
U EEITE
14 Cy,-C,- Resveratrol
.“'i\ﬁ“,"‘#J ‘aﬂ’n’ a 'l. ;:
thraquinol 1odin
quinoid ,Ff]J
15 Cq ercetin, catechin
"Hﬁenistein
18 (Cq - Cg)ym, | Lignans Pinoresinol
A11817 e N B
usiderin
30 %I -C,-Cy), Biflayonoids Amentoﬂa\‘/)one
BEL ARG AT Y
9 Catechol melanins
(Cs-C, - CG)n Condensed Tannins

Source: Waterman and Mole (1994)
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2.2.1.1 Volatile Phenols. Simple phenols such as phenol, o-cresol, 4-
ethylphenol, guaiacol, 4-vinyl guaiacol and eugenol have been found in the volatiles of
fruits and vegetables. The 4-vinyl guaiacol is a major objectionable flavor component of

citrus fruits and contributes a rotten flavor to orange juice (Tatum et al., 1975).

2.2.1.2 Phenolic acids. Hydroxybenzoic and hydroxycinnamic acids are

:

lants. These derivation differ patterns of
% rings (Shahidi and Naczk, 1995).

a) Hydrox cidq’havﬁal structure of C,-C, (Figure 2.5).

Hydroxybenzoic acids prese 'orm. They are components of

complex structures such a a o/ ble

predominant phenolic acids found i

ris. Hydroxybenzoic acids are

also found in the form of orgar ‘ ‘.'T" =\\o~.\v- (Schuster and Herrmann,

1985).
BT
Jrl":;'a = -
s — ' COOH
;1'!1
Acid R R2 R3

oG UBIHREH TN NG o -
AW aAsETINIngaD |

Vanillic § 4-Hydroxy-3-methoxybenzoic H
Syringic 3,5-Dimethoxybenzoic OCH, OH OCH,
Gallic 3,4,5-Trihydroxybenzoic OH OH OH

Figure 2.5 Phenolic acids of benzoic acid families found in food and nutraceuticals.

Source: Shahidi and Naczk (1995)
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The most important phenol in this class is gallic acid, in which the single
carbon side-chain is carboxylic acid. Gallic acid is a trihydroxybenzoic acid, a type of
phenolic acid, a type of organic acid, also known as 3,4,5-trihydroxybenzoic acid
(Waterman and Mole 1994), found in gallnuts, sumac, witch hazel, tea leaves, oak bark,

and other plants. Pure gallic acid is in the form of colorless crystalline organic powder. It

is used as a standard for determining the phenol content of various analytes by
the Folin-Ciocalteau assay that resu | orted in gallic acid equivalents. Gallic
acid can also be used as .%, the synthesis of the psychedelic

alkaloid mescaline.

b) HyM NG > re also commonly found in

foods of plant origin. O S

many fruits. Hydroxycing@ami e ‘ bound form and are rarely

ﬂUﬂ’J‘VlHWﬁ?NMﬂ‘E
qummm AN Y


http://en.wikipedia.org/wiki/Trihydroxybenzoic_acid
http://en.wikipedia.org/wiki/Benzoic_acid
http://en.wikipedia.org/wiki/Gallnut
http://en.wikipedia.org/wiki/Sumac
http://en.wikipedia.org/wiki/Witch_hazel
http://en.wikipedia.org/wiki/Tea
http://en.wikipedia.org/wiki/Oak
http://en.wikipedia.org/wiki/Bark
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Standard_solution
http://en.wikipedia.org/wiki/Phenol
http://en.wikipedia.org/wiki/Folin-Ciocalteu_reagent
http://en.wikipedia.org/wiki/Mescaline
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R1
R
\ COOH

R;
Acid R1 R2 R3
p-Coumaric H OH H
Caffeic OH OH H
Ferulic OCH, OH H
Sinapic OCH, OH  OCH,
Figure 2.6 Phenolic acids of cinhamic ¢ jr 3 \o \ol in food and nutraceuticals.

Source: Shahidi and Naczk (1995) -~

-
o

2.2.1‘. | the most common and widely
distributed group of pmwt phenolics. They belong to a@oup of phenolics having the

structure ( @ﬁon&%ﬂof two aromati€-fin séj‘rmg and B ring) linked through a
b

ﬂlm ﬂm it r(l).l/n grlng ). Figure 2.7 shows

the basic structure and the systemfused for thescarbon numbering of the flavonoid

ol WIANTIIUARTINETR Y

three carbon
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The m '* i ocyanins, chalcones, flavanols,
flavanones, flavones, fl d iscflavones. I iability of the flavonoids is based

on the hydroxylation of n : 19, ence or presence of double bond, the

condensed and hydr‘| sal . Cc ‘ E])olymers of flavonoids while

hydrolysable tannins contaln galllc acid (Pletta 2000).

A IV TIEAAT 0 s

and glycosides. Flavanols are known as ﬂavanﬁols and they@e the subunits of
i@ A RS B U AR I G o o
no posm charge on the oxygen atom and no double bond in the C ring. The structures
of flavonols are very similar to those of flavanols, except that there is a double-bonded

oxygen atom attached to position 4 of the C ring and a double bond in the C ring.

b) Flavanones and Flavanonols are characterized by presence of a

saturated 3-C chain and oxygen atom in the 4 position.



18

c) Anthocyanins are widely distributed among fruits and vegetables.
They are one of the main classes of flavanoids. They contribute significantly to the
antioxidant activities of the flavanoids. Anthocyanins are water soluble pigments
responsible for red, blue and violet colors found in most species in the plant kingdom.
Blackberries, red and black raspberries, nectarines, peaches, blueberries, bilberries,
cherries, currants, grapes, pomegranates, cranberries, and butterfly pea contain
anthocyanins. Anthocyanins are glycosylated anthocyanidins with sugars generally
attached to the 3-hydroxyl position of the .anthecyanidin. The sugar part usually
consists of mono-, di-, and-trisaccharides of glueese; rhamnose, galactose, xylose and
arabinose. The sugar moiety=can'be additionally acylated with phenolic acids such as
p-coumaric, caffeic, or fertlic/agids. A?’}thooyanidin is.an aglycone. This means that
there is no sugar group or othep functional group attached to the flavan nucleus. Also,
the oxygen atom on the C'ring ha_s a po_éiti\fe charge on it, and there are two double
bonds in the C ring. In"addition to hydrogeylated anthocyanidins, such as delphinidin,
cyanidin, and pelargonidin, th(ﬂa‘r.e%‘ are allsi) methylated anthocyanidins (malvidin,

peonidin, and petunidin). et #2204

2.2.2 Phenolies in Food and Nutraceuticals

Phenolic‘é are secondary metabolites synthesized by plants, both during
normal development and in response to stress conditions such, as infection, wounding
and UV radiation, among others. These compounds are a very diversified group of
phytochemicals™defived! from<phenylalanine fand tyrosine “Many ¢f feéod phenolics are
soluble in water or organic solvent. Most plant, if not all, contain polyphenols which
differentiate them from one another. Phenolic found in food generally belong to phenolic
acid, phenylpropanoids, benzoic acid derivatives, flavonoids, stilbenes, tannins, lignans
and lignins (Table 2.3). Together with long-chain carboxylic acids, phenolics are also

components of suberin and cutin (Harbone, 1993).
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Table 2.3 Dietary sources of plant phenolics

Phenolic compounds

Dietary source

Phenolic acids
Hydroxycinnamic acids

Hydroxybenzoic acids

Apricots, plums, carrots, cereals, pears, tomatoes, spinach

Blueberries, cereals, cranberries, oilseeds

Flavonoids
Anthocyanins
Chalcones
Flavanols
Flavanonols
Flavanones
Flavonols
Flavones
Isoflavones

Xanthones

Tannins

Condensed form

-ll-"' #;-'I:::..J "'l

Applés, grapes, pe

5, mangosteens, pears

Hydrolyzable form

ana

Other phenolics

Alk(en)ylresorcinols

A UL

Avenanthraml&s

Arbutin

Coumar
Lignans
Secoiridoids

Stilbenes

ereals

’}HEJW‘WEJ'Wﬂ‘i

Oats

rRRIRN AU INY IR Y

Carrots, celery, citrus fruits, parsley, parsnips
Buckwheat, flaxseed, sesame seed, rye, wheat
Olives

Grapes

Souce: Shahidi and Naczk (2006)
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Phenolic compounds are essential for the growth and reproduction of
plants and also act as antifeedant and antipathogens (Butler, 1992). Their contribution to
pigmentation of plant foods is also well recognized. Injured plants may secrete
phenolics to defend them against pathogens. The antifeedant activity of phenolics is

greater for those containing oxidized phenolics with quinodial structures.

Many properties of plant products are associated with the presence,
type and content of their phenolic compounds.he astringency of foods, the beneficial
health effects of certain phenolics or their.p6étential antinutritional properties when
present in large quantities in.plants, are i-r:\portant to.consumers (Butler, 1992; Harborne,
1993). Furthermore, palyphenelic anthoqlzyanins are responsible for the orange, red,
blue, violet and purple g06lors of most pliant species and their fruits and products. For
example, colorants produced from tHe sk_|p of grapes, after their extraction with water
and concentration or othefpracesses, are t‘asé‘:d by the food industry (Francis, 1993).

FEA 4%

Many planifoods éo:htain p-gll"y.pﬁenol oxidases which catalyze reactions
with phenols in the presence of_.”_mo‘lléicular oxyé@m (McEvily et al., 1992). Initial oxidation
of phenol to quinone followed py__the formatic?,,_(‘_)j_c_olored pigments results in enzymatic
browning of produlcils‘j_lnhibition of__e_n;xr_n.aticl brownir_wé s therefore achieved by
changes in the pH, tér-fiperature or application of proceduré*s' which inhibit the enzymes,
substrates or their reaetion product. The most widely ‘used anti-browning agent are
sulfites. The 4-substituted resorcinols, have-also, been .shown to be potent polyphenol

oxidase inhibitors,

2.2.3 Effect of phenolic compounds on food quality

Phenolic compounds are closely associated with nutritional and sensory
quality of food derived from plant sources. The level of phenolics in plant sources also
depends on such factors as cultivation techniques, cultivar, growing conditions, ripening
process, as well as processing and storage conditions, among others. While at low

concentrations, phenolics may protect the food from oxidative deterioration, at high
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concentrations they, or their oxidation products, may participate in discoloration of
foods, interactions with proteins, carbohydrates and minerals (Shahidi and Naczk,
2006). In addition, the astringency and bitterness of foods depends on their
concentration of phenolic compounds. Many of the phenolics in foods occur as their
glycoside and may modify the quality characteristics of foods. In general, the leaves,
flower, fruits and other living tissues of the plants contain glycosides while woody tissues

contain a glycones. The seed may contain phenolics in either form.

2.3 Cross-linking

Cross-linking is the process of C;Jnemically joining two or more molecules by a
covalent bonds. This technique involves t1_'le formation of covalent bonds between two
proteins by using bifunctionalireagents cc}pta?ining reactive end groups that react with
functional groups, such jas Qrimary éimir]?s and sulfhydryls, of amino acid
residues. Usually, cross-linking refers-to the'f'g{,‘s_e. of cross-links to promote a difference in
the polymers such as physical ahd 'chemioali_'éi"éberties (Bigi et al., 2001). Cross-linking

reagents have been used to assist in determination of near-neighbor relationships,

three-dimensional struciures-ef-proteins;-and-meleculai-associations in cell membranes.

Conformational_changes of proteins associated with a particular interaction may
be analyzed by performing+cross-linking studies before and after the interaction occurs.
Comparing cross-linkers. with different. arm: lengths. for success of conjugation can
provide information about the distafices betweepsinteracting molecules (Means and
Feeney;1971). Homo-bifunctional reagents, specifically reacting, ‘with! primary amine
groups (i.e., €-amino groups of lysine residues) have been used extensively as they are

soluble in agueous solvents and can form stable inter- and intra-subunit covalent bonds.
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2.3.1 Protein functional targets and reactive groups

Despite the complexity of protein structure, including composition and
sequence of 20 different amino acids, only a small number of protein functional groups
comprise selectable targets for practical bioconjugation methods. In fact, just four
protein chemical targets account for the vast majority of cross-linking and chemical

modification techniques (Means and Feenay, 1971):

e Primary amines (-NH2). This.@roup exists at the N-terminus of each
polypeptide chain (called the alpha-amine) and in the side chain of lysine
(Lys.) residues (ealled the epsilon-amine). Because of its positive charge at
physiologic conditiens, primallty amines are usually outward-facing (i.e, on
the outer sumféce) Off proteins: thus, they are usually accessible for
conjugation withiout denatu-ringz;:)roiein structure.

e Carboxyls (—COO_IH)_: ‘This"'::g‘rqup exists at the C-terminus of each
polypeptide chain' and /i the! side chains of aspartic acid (Asp.) and
glutamic acid (Glu.).;- ke primﬂ;rﬁmines, carboxyls are usually on the
surface of protein structdre. FEN. |

. Sulfhyd@&&%&gmpﬂﬂ&bibe ;}ide chain of cysteine (Cys.).
Often, as-‘gart of a protein's secondary or teth;ry structure, cysteines are
joined togetﬁér between their side chains via disulfide bonds (-S-S-). These
must bé reducedité sulfhydrylso fhake'thém -@available for cross-linking by
mostitypes of reactive groups.

o2y Carbonyls «(~CHQ):; Ketane pnor+y aldehydes groupsy, can be created in
glycoproteins by oxidizing the polysaccharide post-translational modifications

(glycosylation) with sodium meta-periodate.

For each of these protein functional-group targets, there exist one to
several types of reactive groups that are capable of targeting them and have been used

as the basis for synthesizing cross-linking and modification reagents.
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2.3.2 Polyphenol-protein cross-linking reactions

The formation of rigid molecular structures by reactions of ortho-
quinones with proteins is demonstrated by Strauss and Gibson (2004) (Figure 2.8). The
diphenol moiety of a phenolic acid or other polyphenol (1) is readily oxidized to an ortho-
quinone, either enzymatically as in plant tissues, or by molecular oxygen. The quinone

forms a dimer (2) in a side reaction, arreacts with amino or sulfhydryl side chains of

polypeptides to form covalent C-N ¢ F S¢ bonds with the phenolic ring, with
regeneration of hydroquinene. The 'éeoxmzed and bind a second
polypeptide, resulting i 3) ‘Alt N3 O quinones, each carrying one
chain, can dimerize, al rc \\\}\\ ‘

ﬂ‘UEI’J‘VlEWIﬁWEI']ﬂ‘i
AW AINIUURIINIAY



24

.
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Figure 2.8 Reac ns of a phenolic acid with amlnoade chains of pg&,oeptldes

e IANDIN U INEA Y

trauss an ibson (2
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2.4 Relevant Researches

The cross-linking of gelatin with chemical cross-linking agent is being used to
extend the uses of gelatin. In particular, treatment of gelatin with phenolic compounds
receives considerable study in order to improve their thermal resistance, decrease their
solubility in water as well as to improve their mechanical properties, without introducing

chemicals which are potentially harmful to health into the structure.

Strauss and Gibson (2004) described .ihat plant phenolics can be used to
prepare cross-linked gelatin gels in bulk and eross-linked gelatin—pectin coacervates in
the form of microparticles. The.gelatin-polyphenol solutions were exposed to oxygen by
two methods: oxygen wasbubbled thrk?ugh the solution or the tube containing the
sample was capped By ansoxygen-filled ;Palloon with occasional shaking. Gels cross-
linked by these materials had greatgr mecﬁar]_ical strength, reduced swelling, and fewer
free amino groups. Dynamic light ‘scatteri'hg Fanalyses showed that such cross-linking
results in denser polymerig netwo?ks:' and preivent extension of the peptide chains when
the pH of gelatin cross-linking is rH_éved avxfa;/jo;om the isoelectric point. Coacervated
gelatin—pectin microparticles _\{\)Ihen,l Cross-ljr‘]?_é‘q_ _became more lipophilic, and were

e

stable at temperatqfes up to 200°C, in contrast to U‘ﬁjcross—linked particles that

coalesce and/or disihte“‘grate on heating.

Cao et al. (200"6) studied mechanical properties. of gelatin films cross-linked,
respectively, bysferulictacid and itannin acid. The ‘eross:linkingy reactions were placed
under ultrasonicito dispel air bubbles and then spray a very small amount of ethyl
alcohol 1o futtherieliminate airbubbles.“The results’ showed that tw natural cross-linking
agents had cross-linking effects on gelatin film and maximal mechanical strength of
gelatin film could be obtained when the pH value of film-forming solution was 7 for
ferulic acid as cross-linked agent, or when the pH value was 9 as for tannin acid. The
cross-linking agents could decrease swelling ratios of the films but there were no

obvious effects on water vapor permeability.
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Balange and Benjakul (2009) studied effect of oxidized phenolic compounds on
the gel property of mackerel surimi. The oxidized phenolic compounds were subjected
to oxygenation by bubbling the solution with oxygen. Gels with addition of oxidized
phenolics had increases in breaking force and in deformation, compared with the
control (without addition of oxidized phenolics). Lowered expressible moisture content
without any change in the whiteness of resulting gels was found. Slightly lower myosin
heavy chain band intensity of gels added with oxidized phenolics at the optimal level
was noticeable compared with that of the contrel. Arsensory evaluation study indicated
that addition of oxidized phenelic-compounds-had-ne-negative impact on the colour and
taste of the resulting gels (P.>"0.05). Gels with addition of all oxidized phenolics had a

finer matrix with smaller strandss: |

- 28

Gomez-Estaca etfal. (2009) i;w_vesﬁg'ated physical properties of gelatin films on
adding aqueous extracts of oregan‘d apd rélf;sermary, taking into consideration differences
related to gelatin sources The ‘--bovine—hli;ie ‘gelatin reacted only slightly with the
polyphenols in the extracts as s‘hov\'m‘ by tﬁ:.e’.t’(.ele"ctrophoretic profile and analysis of the
dynamic viscoelastic propert}'és,- and C—gps?ﬂ"gquently the attributes (mechanical

properties, water solubility, wafer vapor permeability) of~the films were practically

unchanged comparé_dthh the film - made without any addéqﬁ“plant extract. Their results
also showed that tuna—ékin gelatin interacted with the polg(phenols in both the oregano
and the rosemary extrécts, especially for the more conmcentrated of the two extracts
tested, thereby altering the attributes of the corresponding (films,! namely, a higher glass
transition temperature, decreased deformability, and, in particular, increased water

solubility.



CHAPTER I

MATERIALS AND METHODS

3.1 Materials

Butterfly Pea (Clitoria ternatea L.), tomato (Solanum lycopersicumL.), red

dragon fruit (Hylocereus undatus (i 1al itt. & Rose), shallot (Allium ascalonicum),

ginger (Zingiber officinale Roscoe), black nus domestica L.) and pomegranate
(Punica granatum L.) weré - Market, Bangkok, Thailand. All

raw materials were kep - before further analyses. Dark

roasted and medium hased from Golden Cream

Company Limited (C roasted Arabica coffee was

purchased from the Doi d. The coffee samples were

packed in plastic pouc t ambient temperature (25 *

(¢]

2°C).

3.2 Chemical reageltim

Chemicals for total ohefuén

Galllic acid monohydeate was purchased from Sigma-aldrich, USA.

Folin- Cl(qaués reagerw ﬂgradj l’sqpurcrgsed from Carlo Erba
Reageﬁ RANTU N INYIA Y

d|um carbonate anhydrous (A.R. grade) was purchased from Mallinckrodt

Baker Inc., Canada.
Ethyl alcohol (A.R. grade) was purchased from Sigma-aldrich, USA.

Chemicals for Cross-linking process

Gelatin powder was purchased from Ajax Finechem, New Zealand.


http://th.wikipedia.org/wiki/Carolus_Linnaeus
http://th.wikipedia.org/wiki/Carolus_Linnaeus
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Sodium azide (A.R. grade) was purchased from Sigma-aldrich, USA.

Gallic acid monohydrate was purchased from Sigma-aldrich, USA.

Sodium hydroxide (A.R. grade) was purchased from Mallinckrodt Baker Inc.,

Canada.

Glacial acetic acid (A.R. grade) was purchased from Sigma-aldrich, USA.

Chemicals for cross-linked gel

Sodium tetrab R urchased from Sigma-

aldrich, USA.
Fluorescamin rlo Erba Reagents, Italy.
Acetone dimethyl sed from Sigma-aldrich, USA.

Acetic acid glacial (A.R./gk from Sigma-aldrich, USA.

Chemical for film-forming.s

Glycerol (A.R. em, New Zealand.

33Instrumentﬂ uﬂq w EIV]‘jWEIf]ﬂi
awﬁmmmwﬁw YT

2 Centrifuge (EBA21, Hettich-Zentrifuge, Germany)

3. Blender (HR2001, Philips Electronics Thailand Co.,Ltd., Bangkok, Thailand)
4. Weighing balance (SI-234, Denver-Instrument, Germany)

5. Weighing balance (XT920M, Precisa Gravimetrics AG, Dietikon, Switzerland)

6. Water bath (S-water bath GFL-1072, Germany)
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7. pH meter (CyberScan pH1000, Eutech Instrument, Singapore)
8. Air pump (PT6800, General Pet Time Co.,Ltd., Tokyo, Japan)
9. Espresso maker and coffee grinder (Model TSK-1825, Buono, Taiwan)

10. Bohlin Rheometer (CVOR-150, Malvern Instruments Ltd., Worcestershire, UK)

15. Scanning el , ‘w -6400 LV, Peabody, MA,
USA)

16. lon sputtering '_ abody, MA, USA)

17. Vortex mixer (model (-5¢ Industries INC., Bohemia, New York,

USA)

18. Hot air ove lev'ﬂu ";"-. Western Germany)

)
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3.4 Extraction and determination of total phenolic compounds

This part deals with the extraction and the determination of the total phenolics
content, expressed in term of gallic acid equivalent (GAE), of crude extract from several

local grown phenolic-rich plants.

The metho preparation from different raw

The ratio | --‘:‘--- en-coffee rwas 5% (W/v).

) 2

The Coffee‘axtraot was rap|dly cooled in cold water at 4°C.

ﬂﬂﬁl’JﬂHWﬁWEﬂﬂ‘ﬁ

Centrn‘ugsd for 8 min at 4000><g

ARIAINIUUNINA Y

Detefmine the total phenolics content of coffee extract using the Folin-Ciocalteau

method.

Figure 3.1 The extraction of roasted coffee beans.



Tomato, ginger, shallot or black plum.

l

Cut the fruits into small pieces and blend thoroughly using a food blender.

l

Filter though two layers of cheese clothes.

Cut petals 'V S i g a food blender.
| T
J i
VLR ATV WEIHS
Centrifugéd for 8 min at4000Xg.

QRIANIUNHIINEA Y

Determme the total phenolics content of crude aqueous extract using the
Folin-Ciocalteau method.

Figure 3.3 The extraction of butterfly pea.

31
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Red dragon fruit

l

Cut the fruit into 2 halves.

l

Run a tablespoon around the circumference of the first section to separate the red flesh

fro ul e skin.

Slice the fleshiinto small pie€se end thoroughly.
| ———

Determine the total'phenoli€s c tent of crude \f.a extract using the Folin-

ey

LT T
Figure 3.4 The extrc N " f

{7

AULINENINYINg
ARIAATAUUNING1A Y
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Pomegranate

l

Following peeling out, the skins covering seeds were removed.

l

Pomegranate seeds were placed in plate and the juice was extracted.

Filter though t

Determine the f crude aqueous extract using the

tomato, red dragon fr; ing allo ranate Arabica coffee (dark
| ‘

roasted, medium roasted, and light roasted) was evalua

mw““ﬁﬂﬂ?ﬂﬂﬂfﬂﬂﬁﬁﬁw

ty (60) pL of Cru%e agueous extract from pIanan materials was

e @ VRGN E1 AR b3 G o o

300 pL of 10% (v/v) Folin-Ciocalteau reagent (Appendix A.1) and mix again. After 3 min,

d using the Folin-Ciocalteau

add 900 pL of 20% (w/v) sodium carbonate solution (Appendix A.2), record the time as
time zero and mix again. Solutions were maintained at room temperature (~25°C) under
dark conditions for 90 min and the total phenolics content was determined at 765 nm
using a UV-VIS Spectrophotometer (Jasco V530, Jasco Inc., Easton, USA). Gallic acid
standard solutions (Appendix A.3) were used to calibrate the method. A gallic acid

standard curve was made available and is shown in appendix B1.



3.5 Cross-linking of gelatin using phenolic compounds

This part aimed to determine the effects of cross-linking on the properties of
gelatin solutions. Gelatin solution (6.67% w/v) was cross-linked using gallic acid and the
crude plant extracts. The cross-linking reactions were carried out using various
polyphenol:NH,, ratios (0.2:1 to 1:1). The cross-linked gelatin solution was subsequently

analyzed for its chemical and physical properties.

experiment in this section.

6.67% (w/v) Gelatin Solution

Figure 3.6 shows the outline for the

Cross-linking solutions from

A 4

Cross-linked gelatin

solution

A 4

A

3.4.1 (Gallic acid solution,

Cross_linking process (3’51) Crude extract Of I|ght roasted

Arabica coffee, butterfly pea,

and pomegranate)

Determination of properties of cross-linked gelatin solution

A 4

Viscoelastic property

Free amino group analysis (3.5.2)

Flow properties at various temperatures (20 to 4OOC) (3.5.3)

Temperature sweep test (3.5.3)

Figure 3.6 Outline for the cross-linking of gelatin and properties determination.
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3.5.1 Preparation of cross-linked gelatin solutions

Eight (8) g of gelatin was hydrated at room temperature by suspending
in 50 mL of distilled water containing 0.01% (w/v) sodium azide then kept at 40°C for 45
min with occasional stirring. Gallic acid solution (Appendix A.9) and three highest
phenolics containing crude aqueous extracts of plant raw materials, which were light
roasted Arabica coffee, butterfly pea, and pomegranate, were used in cross-linking of
gelatin following the method of Strauss and Gibson (2004) with slight modification. The
cross-linking reactions at 0.2:1 {0 1:1 polyphenol:!NH, ratio for gallic acid and light
roasted Arabica coffee, 0.2:1 10.0:5:1 pol-;/phenoI:NH2 ratio for butterfly pea, and 0.2:1 to
0.3:1 for pomegranate were carried out. To attain the desired polyphenol:NH,, ratio,
gallic acid and crude gplani extracts \J\/ere mixed with gelatin solution at various
proportions. The mixture was/made up to .‘1 12 mL with distilled water and adjusted to pH
8 using 4M sodium hydroxide (Appendtxﬁ?) or 4M acetic acid (Appendix A.8). The
prepared solution was plaged in:a temperature ~controlled water bath at 40° C, under
constant stirring at 150 rpm and subjected-'te oxygenatlon for 1 hour by bubbling the
solution with oxygen to convert the phenehe Compounds to quinones which allow
subsequent cross- I|nk|ng reaction. Fmally, the Cross- Imked solutions were determined

for their viscoelastic propertles, free amino group content anq film-forming properties.

3.5.2 Free amino group-analysis

Free aliphatic primary amino groups in gelatin, essentially the 1-NH,
groupstiof lysine, wereydetermined| using the modified method | of ‘Strauss and Gibson
(2004). Sixty (60) uL of the sample was mixed thoroughly with 2 mL of 0.05 M sodium
tetraborate at pH 8.9, followed by the addition of 150 pL of 20% (w/v) fluorescanine
solution in acetone. The mixture was well shaken. The reaction was complete in a few
seconds. The resulting fluorescence was measured using a Spectrofluorometer (Jasco
FP-6200, Jasco Inc., Easton, USA) using 390/475 nm wavelengths for excitation and

emission and free amino group content were expressed in term of lysine.
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3.5.3 Determination of viscoelastic properties

The rheological behavior of 6.67% (w/v) native gelatin solution and all
cross-linked gelatin solutions was characterized by flow tests and oscillatory shear tests
using a Bohlin CVOR-150 rheometer (Malvern Instruments Ltd., Worcestershire, UK)
using a cone and plate geometry (1o angle, 30 um gap). The measurement was

performed in triplicate.

Shear viscosi;g @‘W latin solutions were performed at a

constant temperature of ) 35-__Iand w test of all samples was also

carried out at 25°C in tw
e -

modulus (G'") iscosity (G*) Jnction of heating temperature was

recorded.

3.6 Determination of p@erties

This pa | ﬂhﬁe i ﬁ( [ | i erties of cross-linked
gelatin with gﬁﬁ n cﬂﬂﬁ trﬂﬂﬁhﬂ;ﬁpﬁght roasted Arabica
coffee, pomegranate and butterfl ga. The crossHinked gelatin fil$ were determined
for theéeﬁ E!

q

oo Mehils Aol ko dhbibieds 4 isbroiosy. Four

3.7 shows the experimental steps in this section.
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Cross-linked gelatin solutions

(with gallic acid or light roasted

A

Glycerol (0.25 g/g of gelatin)

Arabica coffee or butterfly pea or

pomegranate at 0.2:1, 0.4:1, 0.6:1,

0.8:1 and 1:1 polyphenol:NH, ratio

A 4

Cross-linked gelati

Condition : Iative humidity for 44 hours.
ﬁ* N

A\ 4

Determination of praperties of ¢ 01
Y24

Y )

|
Mechanical properties ( .3)

AU ANINIWENNT

U > Sweléng Propert|es (3.6.4)

ARVRIN TaRTY E1§8

» Determination of whiteness (3.6.5)

\ 4

Morphology of gelatin films (3.6.6)

Figure 3.7 Outline for the cross-linking of gelatin films and properties determination.
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3.6.1 Preparation of film-forming solutions

The film-forming solutions were made using gelatin, prepared according
to the method modified from Gomez-Estaca et al. (2009), at a concentration of 6.67%
(w/v) native gelatin and all cross-linked gelatin solutions. Glycerol (0.25 g/g of gelatin)
was employed as the plasticizer. All mixtures were warmed and blended by stirring at
40°C for 15 min, and the films were made by casting 105 mL of gelatin solutions on a 12
cm X 28 cm-square plate and drying at 46°€ for 18 hours. Before performing the

determinations, the films were conditionegl in adesieeator at 25°C and 50 + 3% relative

humidity for 44 hours.

. 2

3.6.2 Determination of film thickneés'

—

i
\
\

The thickness of the film was measured using a micrometer (Mitutota

Absolute, Mitutoya Crop., Tokyo, Japan). Fi\}-‘e"',‘lobations around each film (width X length
i vl

=50 mm X 80 mm) of five film samples were used for thickness determination.

i S
§ = =l

3.6.3 Determination of mechanical properties

The tensile strength, young’s modulus, and elongation of all gelatin films
before and aftef. cross-linking, were imeédstred using aluniversaltesting machine (Instron
5565, Canton, MA, USA) with a 50 N load cell. The conditioned fiim samples (width X
length =110 ‘'mm X80 mm) were tsed.Thelifiitial grip Separation wds set at 50 mm, and
crosshead speed was set at 10 mm/min. The measurement was performed immediately
when a sample was removed from the desiccator. The thickness of native gelatin and all
cross-linked gelatin films was around 88 pym and 90 to107 um, respectively. Tensile
strength, Young's modulus, and elongation measurements for each type of film were

replicated at least five. The average values were recorded.
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3.6.4 Swelling Properties

Gelatin films were cut into 2.5 X 2.5 cm and weighed in an air-dried
condition. They were then immersed in 40 mL of deionized water at 25°C for 2 min. Wet
samples were wiped with filter paper to remove excess liquid and reweighed. The
amount of adsorbed water was calculated using equation 1 (Bigi, Panzavolta, & Rubini,

2001).

Swelliﬁ

Where, W, and W are th

The measurement was d

3.6.5 Determi

Color of ‘gel

400 series, Minolta, Japan

.p'_pru.:\-: .lr .
(yellowness/blueness) were mea@ed" a

A
Lanier, Hart, and Mar‘[ln (1991)"’5\9’1’&‘%’%

o “Pmm%ww 8InN3

crostructure of upper surface of Ee films Conta|n|a9 oxidized phenolic

oo RO PR IR B v

using a snbanmng electron microscope (SEM) (JEOL model JSM-6400 LV, Peabody, MA,
USA) at an accelerating voltage of 15 kV. Prior to visualization, the film samples were

mounted on brass stub and sputtered with gold in order to make the sample conductive,

and photographs were taken at 1500X magnification.
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3.7 Statistic analysis

Statistical tests were performed using the spss® computer program (SPSS for
window version 14.0, SPSS Statistical Software, Inc., Chicago, IL, USA). All data were
subjected to analysis of variance (ANOVA). Comparison of mean was carried out by

Duncan’s multiple range tests. The level of significance was set for p < 0.05.

AULINENINYINT
RN TUAMINGAY



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Total phenolic content of selected plant materials

The contents of total phenolic compounds that were measured by Folin-

Ciocalteu reagent in terms of galli ' ivalent (GAE) varied from 1.712 to 163.125
mg GAE /g of dry weight for | E Light roasted Arabica coffee had

the highest total phenolic 3.1 E /g of dry weight among all

coffee, butterfly pea, ) ; gon fruit, shallot, tomato and
ginger contained 128:

1.712 mg GAE /g of d i tal"pr T 0 ds, respectively.

extracts that contained

cross-linking of gelatin.

¢

AUYINYNINYINT
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Table 4.1 Total phenolic content of different plant extracts.

Plant raw materials Total phenolic compounds*(mg GAE /g
of dry weight)
Ginger 1.712'£ 0.11
Tomato 4.698" + 0.47
Shallot 5.159%" £ 0.47

Red dragon fruit

6.587° £ 0.47
Y,

8.572' +0.54

e ———
‘""""Q28385 +1.32

9.435° 1+ 1.30

Black plum
Pomegranate
Butterfly pea
Dark roasted A 08.249° = 1.12

Medium roaste 28.471° 1 1.44

Light roasted Ar e -“'-* ‘\ 163.125° £ 1.65
A A

% Values with differe ocw ‘-‘;f ers t same column are significantly
different (p<0.05). (s 2
,f,'ﬁ!"' J.,w
* Values are given asave I =d from three replications.

.m
ﬂ‘lJEl’J‘VlEWIﬁWEI']ﬂ‘i
AW AINIUURIINIAY
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Table 4.2 Total phenolic content of different crude plant aqueous extracts.

Plant raw materials Total phenolic compounds*(mg GAE /L)
Tomato 325'£7.20
Red dragon fruit 585" &+ 10.0
Ginger 727% £+ 9.50
Black plum 849° & 21.1
Shallot ) 917° £ 6.50
Pomegranate 2,319+ 84.3
Butterfly pea 4,039° + 68.0
Dark roasted Arabica coffee / : 4 21,100° £ 315.8
Medium roastedArapical coffee | 4 24,952° + 408.4
Light roasted ArabicalCoffee ! 4 31,502° £ 567.0

a

2% Values with different s@iperseripted I‘fgt‘“ters in the same column are significantly

different (p<0.05). (et

* Values are given as'average = standard deviation calculated from three replications.

The level of phenglic. compounds in plant materials depends on such factors as
cultivation techniques, ~cultivan, \grewing conditions, ripening! process, as well as
processing and storage conditions, among others. It was reported that some processing
pretreatments, for example, peeling, chopping, boiling, microwavirng ‘and frying onions
may reduce the total content of quercetin conjugates from 1% in case of chopping to up

to 75% in case of boiling onions in water (Shahidi and Naczk, 1995).

The total flavonol content of tomatoes grown in different countries ranges from
1.3 to 36.4 mg of quercetin/kg of fresh weight (Stewart et al., 2000). According to
Crozier et al. (1997), the total quercetin content in tomatoes is between 1.3 and 203 mg

quercetin/kg of fresh weight. Flavonols are located mostly in the tomato skin and only
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small quantities are found in the flesh and seeds (Stewart et al., 2000). Immature green
tomato fruits contain a high level of chlorogenic acid in the pericarp and pulp. The level
of chlorogenic acid rapidly declines as the color of the fruit changes from green to pink
and then to red. The content of rutin also reaches a maximum in green tomato and then
decreases during successive stages of fruit development (Buta and Spaulding,
1997).The bioactive compounds of ginger include gingerols, which are the main
pungent component of the rhizome, and shogaol, a monohydrated gingerol, as well as
other gingerol-related compounds formed .from phenylalanine via ferulic acid, and
diarylheptanoids and terpeneids (Kikuzaki and-Nakatani, 1996; Wu et al., 1998).
Phenolic compounds detected insplums include phenolic acid derivatives, coumarins,
flavan-3-ols and anthocyanins. Chloro{genic acids are the major phenolic acid
derivatives in plums. Of thésey neachlorogenic acid (3-O-caffeoylquinic acid, 3-CQA) is
the major chlorogenicsacidsin plums and ﬁrupes (Moller and Herrmann, 1983). Tomas-
Barberan et al. (2001)+/have reported the:t-; the total content of flavan-3-ols in plums
ranges from 662 to 1,837 and froﬂm.‘.138 togﬂ 8 mg of catechin equivalents/kg of fresh
weight of peel and fruit flesh, respectively; and ;jt(")tal content of anthocyanins in the peel
and the flesh of ripe plums is 129 to 161jlgnd 0 to 28.4 mg/kg of fresh weight,

respectively.

The total phenolic content in pomegranate juice ranges from 1,808 to 2,566
mg/L, similar to that found in Cabernet Sauvignon red wine (Gil et al.,, 2000).
Pomegranate i§'a |rich-source ' of ‘hydrolysable \tannins and anthocyanins. The total
content of antho€yanins and hydrolysable tannins in pomegranate juice ranges from
161.9 te. 387.4 mg/k' and from417.3 to 556.:6 mg/g, tespectively+(Gil. et al., 2000). A
number 'of hydrolysable tannins have been isolated and identified in pomegranate
leaves, bark and fruits. Hydrolysable tannins of pomegranate include gallotannins,
ellagic acid tannins and gallagy! tannins such as punicalagin and punicalin. Of these,
gallagyl tannins are the major hydrolysable tannins in commercial pomegranate juices
because the juice contains 1,500 to 1,900 mg punicalagin/L (Gil et al., 2000). In
addition, small quantities of several flavan-3-ols have been detected in pomegranate:

catechin (4.0 mg/kg), epicatechin (0.8 mg/kg), gallocatechin (1.7 mg/kg), and
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procyanidins B1 (1.3 mg/kg) and B3 (1.6 mg/kg of fresh weight) (de Pascual et al.,
2000).

Butterfly pea has several lines with different flower colors: dark blue, light blue,
mauve, and white. Of these, ‘Double Blue’ is well-known to accumulate ternatins, a
group of (poly) acylated anthocyanins, in the petals. The total content of anthocyanins
varies among also different cultivars of the same flower and is affected by genetic make-
up, light, temperature, agronomic and composition factors (Mazza and Miniati, 1993).
The basic structure of these anthocyanidins.is”the flavylium (2-phenylbenzopyrilium)
cation substituted with a_number of hy-.:jroxyl and..methoxyl groups. The patterns of
hydroxylation and methoxylation affect th color of anthocyanidins. Presence of larger
numbers of hydroxyl gretps«in sthe moIeJ'puIe tends to deepen the blue hue, while an
increase in the number of methoxyl éroub:s:'enhances the redness (Delgado-Vargas et
al., 2000; Mazza and Miniati, 1993)."'The in{ﬁpngity of color, however, depends also on the

pH, presence of metal ions, Self-association ‘©f anthocyanins, pigment mixtures and

. ' ) :
copigments such as other colorless* phenolicscompounds, as well as processing and

et )]

storage conditions (i.e. tempeféturé, sugar—_ee‘rj"tent, presence of ascorbic acid, and
presence of oxygen;-among o'th'éfs).: (Delga&g"-'-\'/é_réas et ak, 2000; Mazza and Miniati,
1993). The mechaniéfrﬁ,‘?ﬁa'fher—mal_d‘e_g_ra'da'tbn of anthoéy?ﬁins is not well understood.
A number of pathways have been proposed. Degradatioﬁ of anthocyanins depends on

the temperature and duration of heat treatment.

Coffee bgans‘may contain' atsleast'five major-groups of chlorogenic acid isomers
as caffeoylquinic acids, dicaffeoylquinic acids, ferdoylquinic acids,p-coumaroylquinic
acids and caffeoylferuloylquinic acids. The tatal \content!of.chlorogenic.acids in Coffea
arabica L. is 5 to 8% on a dry weight basis and varies with maturity (Clifford and Kazi,
1987). In roasted coffee bean, phenolic compounds are indigenous or are produced
from thermal degradation of chlorogenic acid and lignins. Time and temperature of
roasting influence the phenols produced and their composition. Roasting results in a
significant decline in the content of chlorogenic acid in green coffee beans; the content

of chlorogenic acid decreases rapidly as temperature increases throughout the roasting
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cycle (Merrit and Proctor, 1959). Light roasting produces a higher level of caffeoylquinic,
dicaffeoylquinic, and feruloylquinic acids in Arabica coffee. The ratio of 5-caffeoylquinic
acid to caffeine has been proposed as an indicator for monitoring the roasting process
of coffee. During roasting, the content of chlorogenic acid declines while caffeine
remains virtually unchanged. Because of this, caffeine may be used as an internal
standard, thus allowing measurement of the level of chlorogenic acid in roasted coffee
bean independent of weight losses due to formation of volatiles during roasting. This
ratio may be useful for measuring the coempositional changes of roasted coffee,
especially those produced-by  fast reasting (Purdon and McCamey, 1987). The
extraction of phenolics into the coffee juice depends on a number of factors, including
the proportion of ground ceffeg'to water,"Lfreshness of roasted coffee, grind, method of
brewing, water temperatuge and: length of 'time that water is in contact with ground

coffee. \ #

A
3 F

4.2 Effect of cross-linking on'the properties of,-”gg-ll,atin solutions

This section aimed. to-investigaie the effect.of cross-linking of gelatin solutions
using gallic acid solutien;—and-selected-plant-exiracis=that contain high total phenolics
content, which are light roasted Arabica coffee exiract, pomegranate extract and

butterfly pea extract, on the rheological properties and free amino group content.

4.2:4-Rheological properties

4.2.1.1 Flow behavior

Figures 4.1 to 4.4 shows shear stress-shear rate profiles of 6.67%
solution of native and cross-linked gelatin at various polyphenol:NH, ratios (0.2:1 to 1:1)
at 20°C and pH 8. It is seen that the shear viscosity of native gelatin is the highest
among all tested samples. All samples possessed shear-thinning property. From Figure

4.1, it is obvious that cross-linking of free amino groups on the gelatin molecules with
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gallic acid solution caused the shear profiles to reduce. This might stem from the
reduction in hydration capacity of the cross-linked gelatin molecules which caused the
shear stress of the solution to reduce when tested at the same shear rate. The
decreased shear stress with increasing polyphenol:NH, ratio in the gelatin cross-linking
was observed. The same trend was observed for the gelatin cross-linked with light
roasted Arabica coffee extract (Figure 4.2), pomegranate extract (Figure 4.3) and
butterfly pea extract (Figures 4.4 and 4.5)..The cross-linked gelatin with light roasted
Arabica coffee extract and butterfly pea exiracl.showed the lowest and highest effect of
shear stress decreasedy—frespectively. However the cross-linking at higher
polyphenol:NH, ratios was netdstermined for some plant extracts. This was due to the
limitation in total phenolic gentent.of the éxtracts that was not high enough to reach the

desired polyphenol:NH,, raio. A9

-

Figure 4.2 shows the effeotlll;nofl"cross—linking of gelatin using light roasted
Arabica coffee extract at 0.2:1 to 4+ poI;ﬁ.henoI:NH2 ratio. Cross-linking caused the
shear stress to reduce grad‘uallﬁf‘ up rt:.d.t’jo.?ﬂ polyphenol:NH, ratio. At higher
polyphenol:NH, ratio, such as 11 p&)lyphene{';él_f%{:lif; , the lower solubility of large phenolic

compounds at high coﬁncentrat'i-oﬁ'céuses the _d-i#ibhlty to interact with protein molecules

(de Freitas & Matéyéjj;. 2001). In addition, the size of the phenolic compound can
decrease its conformaticﬁ_nal flexibility, which is observed to”"be an important parameter in
protein—phenolic compo-und interactions (Frazier et al., 2()-03). As a result, the ability to
cross-link protein reduced leading to the increasein polymer free volume, hence an

increase in shear'stress at higher polyphenol:NH, ratio.
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Figure 4.1 Shear stres files 67° v) native gelatin solution (control)
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Figure 4.2 Shear stres ative gelatin solution (control)
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Shear stress and shear rate data of native gelatin and all cross-linked
gelatin solutions were tested for various rheological models using the software provided
along with the rheometer. In the present study, based on standard error data obtained, it
was found that the Power-law model was suitable for the explanation of the flow behavior

of the cross-linked gelatin solutions.

Table 4.3 - 4.6 shows consistency index (K) value and Flow behavior

index (n) of native and cross-linked gelatin solutions at various temperatures (20, 25,

30, 35 and 40°C). In general; K (?Jecreased with increasing temperature and
polyphenol:NH, ratio. The Kwof naitve gelatin and-eross:-linked gelatin with gallic acid,

light roasted Arabica ceffee exiract, pomegranate extract and butterfly pea extract at

i
20°C were higher than.at all temperatﬂure (2? to 4OOC). At 4OOC, the decrease in K value

of cross-linked gelatin solution with increa:s‘ing temperature at all polyphenol:NH, ratios
compared with native gelatin soI[Jtion w’:as due to the increase in intermolecular
distances, because of the/thermal -expans'idh ‘caused by the increase in temperature
(Constenella, Lozano, & Crapiste,"y'1989).f'élﬁlyua marginal decrease in consistency
coefficient was observed with an inCrease gllﬁff;}nperature for cross-linked gelatin with
gallic acid, light roasted Arabi-cmé-.;:o:ffee extract-énd pomegranate extract. Whereas the
decrease was pror.m;ﬁ&m;liﬁlzéa_ 'gellatin Witﬁ"_butterﬂy pea extract. The
consistency coefficient value at 35°C at cross-linked gelatin added with light roasted
Arabica coffee at 1:1 polyphenol:NH, was thigher than at lower polyphenol:NH,. This
increase in K value.is most dikely: due to complete lopening uprof polypeptide chain to
random coil molecules leading to inereased viscosity (Flory & Weaver, 1960). The flow
behaviorindex (n) lat 20°C for native gelatin and crass-linked gelatin solution with gallic
acid, light roasted Arabica coffee and pomegranate were much lower compared to
higher temperatures indicating the viscous nature of gelatin at that temperature (Table
4.3 to 4.6). The flow behavior index (n) for all cross-linked gelatin solutions at 25 to 40°C

did not difference. The farther the flow behavior index from 1, the more the deviation

from Newtonian behavior (Lewis, 1990).



54

Table 4.3 Consistency coefficient and flow behavior index of 6.67% (w/v) gelatin solution
cross-linked with gallic acid using various polyphenol:NH, ratios at different

temperatures (pH 8).

Sample Temperature (°C) Polyphenol:NH, ratio Consistency index, K (Pa * Flow behavior index, n
s")
Native gelatin 20 37.466 + 1.7696 0.1510.012
25 0.011 % 0.0001 0.97 £0.011
30 ’,” 0.006 & 0.0001 0.98+0.034
35 ‘(/J 0.005 % 0.0002 0.971£0.018

40 0.004 % 0.0004 0.98 +0.047

Cross-linked gelatin

)00 "'-W1 10.5813 0.0310.005

using
galic acid > + 1.4550 0.05 % 0.024
10.6533 0.06 £0.018
64 t 0.2975 0.59 & 0.340
0.026 = 0.0063 0.90 +0.042
0. 08 + 0.0004 0.98£0.017
.ooé +0.0010 0.97 £0.005
0.008 £ 0.0008 0.97 £0.015
0.009 £ 0.0003 0.99£0.014
0.006 & 0.0008 1.0310.033
006/ 0.0005 0.98 £ 0.004
. .0006 1.01£0.042
0. T = 0.0006 1.00 £ 0.007
."d % 0.0002 0.98 +0.002
& = 11Q0 0.006 £ 0.0012 0.99 £ 0.041
ﬂ ; | ‘ : : 0.98+0.015
0.4:1 0.004 £ 0.0006 0.98£0.016
0.6:1 0.006 £ 0.0003 A.F 0.95+0.013
qmmmm URNIRBARY oo
0.004 & 0.0009 1.02 £0.047
40 0.2:1 0.004 £ 0.0002 0.99 £ 0.002
0.4:1 0.003 & 0.0002 1.02 £ 0.008
0.6:1 0.005 £ 0.0007 0.9510.034
0.8:1 0.004 £ 0.0002 1.01£0.019
111 0.005 & 0.0008 0.97 £0.047

* Values are given as average T standard deviation calculated from three replications.
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Table 4.4 Consistency coefficient and flow behavior index of 6.67% (w/v) gelatin solution
cross-linked with light roasted Arabica coffee using various polyphenol:NH,

ratios at different temperatures (pH 8).

Sample Temperature (°C) Polyphenol:NH, ratio Consistency Index*, K (Pa - Flow behavior index*, n
s")
Native gelatin 20 37.466 + 1.7696 0.15£0.012
25 \ 0.011 % 0.0001 0.97 £ 0.011
30 ‘ \ ’,” 0.006 & 0.0001 0.98 £ 0.034
35 o, ‘M\I. ‘(/J 0.005 & 0.0002 0.97+0.018

40 0.004 % 0.0004 0.98 +0.047

Cross-linked gelatin A N Wsa + 15563 0.12 +0.017

using coffee extract
2.914 +2.2590 0.10 £ 0.002

5.628 1+ 3.1959 0.10£0.015

0! 1 0.5607 0.06 £ 0.002

29,812+ 0.6717 0.09 £ 0.003

0.0 1+oooo1 0.97 £ 0.007

0.016 & 0.0004 0.97 £ 0.005

0.015 £ 0.0016 0.96 £ 0.001

0.011 £ 0.0000 0.97 £ 0.010

0.014 £ 0.0001 0.96 & 0.001

006/ 0. 0.98 £0.008

1.00 £ 0.039

0.0 "d + 0.0006 0.99 +0.004

0.008 £ 0.0002 0.95 % 0.000

¢ a 11 0.007 £ 0.0008 1.01£0.026

ﬂ 1 I Ei L | vl EI vﬁ | W EI io.¥¥_r.z§o 1 0.99 £ 0.001
w 0.4:1 0.006 £ 0.0001 0.95+0.003

‘ ¢ 0.6:1 % 0.007 £ 0.0009 B 0.97 £0.015
ARIAINTUURVIAGANY oo
| 1:1 0.011 £ 0.0032 0.88 +0.005
40 0.2:1 0.006 £ 0.0012 0.92+0.045

0.4:1 0.004 & 0.0012 1.00 £ 0.081

0.6:1 0.005 % 0.0006 0.991+0.010

0.8:1 0.005 & 0.0006 0.97 £0.013

111 0.004 £ 0.0003 1.01 £0.008

* Values are given as average T standard deviation calculated from three replications.
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Table 4.5 Consistency coefficient and flow behavior index of 6.67% (w/v) gelatin solution

cross-linked with pomegranate using various polyphenol:NH,

different temperatures (pH 8).

ratios at

Sample Temperature Polyphenol:NH, Consistency Index*, Flow behavior
(°C) ratio K (Pa * s") index*, n
Native gelatin 20 , / 37.466 £ 1.7696 0.15£0.012
/// 0.011 £ 0.0001 0.97 £ 0.011
‘moe %+ 0.0001 0.98 £ 0.034
| 5 0.0002 0.97 £ 0.018
+0.0004 0.98 +0.047
Cross-linked 0,044 + 55075 0.11 £ 0.002
gelatin using 512 4 1.5089 0.12 £ 0.005
pomegranate
017 £ 0.0044 0.99 +0.008
0.028 +0.0214 0.98 £0.038
0£0.0014 0.98 £0.015
Y )
0613 £ 0.0036 0.98 £0.038
0.2:1, , 0. 006 %+ 0.0003 0.99 & 0.004
ﬂ 'HEI’,] ‘w 8%5‘“8%{]@ 0001 0.97 £0.028
4 £0.006

q wqaqnim %’Lmqq WOEJFL@ ?—l 0.97 £0.024

* Values are given as average T standard deviation calculated from three replications.
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Table 4.6 Consistency coefficient and flow behavior index of 6.67% (w/v) gelatin solution

cross-linked with butterfly pea using various polyphenol:NH, ratios at different

temperatures (pH 8).

Sample Temperature Polyphenol:NH, Consistency Index*, K Flow behavior
(°C) ratio (Pa-s") index*, n

Native gelatin 20 37.466 + 1.7696 0.15%0.012

0.011 £ 0.0001 0.97 £ 0.011

10.006 % 0.0001 0.98 +0.034

"'""lyﬂ% +0.0002 0.97 £0.018

| 4 £ 0.0004 0.98 £0.047

Cross-linked +0.0047 0.821+0.173

gelatin using 3 +0.0012 1,02+ 0.088
butterfly pea

02 +0.0016 1.17 £0.241

\ \ .003 £ 0.0001 0.97 £0.025

| 0.003 & 0.0005 0.94 £0.042

0.003 1 0.0011 1.01 £ 0.074

:’ 0.0001 0.99 % 0.015

o.mz +0.0012 0.98 £0.122

0.003 +0.0016 0.93 £0.087

HWWMM

¢ 0411 £ 0.001£0.00087 1.08 £ 0.055

AR ﬂ\‘iﬂim URNIBUAB Y oaeoor

0.2:1 0.002 % 0.0006 1.04 +0.058

0.4:1 0.002 £ 0.0008 0.98 & 0.009

0.5:1 0.003 £ 0.0006 0.92+0.018

* Values are given as average T standard deviation calculated from three replications.
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4.2.1.2 Gelling and melting of gelatin solutions

Gelling and melting behaviors of solutions from native and cross-linked
gelatin were measured using an oscillatory shear tests. Temperature sweep test results
indicated that cross-linking did affect gelling and melting temperature of gelatin. Table
4.7 shows that gelation and melting temperature of cross-linked gelatin with gallic acid

and light roasted Arabica coffee extract at 0.2:1 to 1:1 polyphenol:NH,, and

pomegranate extract at 0.2:1 to. :NH,. Cross-linking obviously caused

ﬁame trend was observed for the

gelatin  cross-linked with Ilg oasted Arabica coffee extract and

gelatin to gel and melt at
pomegranate extract. pea extract imposed the most
significant cross-linkin 1g Of cross-linked gelatin. The cross-
linked gelatin add with “\o 0.5:1 polyphenol:NH,, ratio

showed large decreases i : 1, melting " \\\ iscosities (Figure 4.6).

ﬂﬂﬂ‘ﬂ]‘ﬂﬂ'ﬂ‘iwmﬂ‘i
QW’W@NﬂiﬂJ AN Y



59

Table 4.7 Temperature sweep test results of 6.67% (w/v) native gelatin solution (control)
and 6.67% (w/v) gelatin solution cross-linked with gallic acid, light roasted

Arabica coffee extract and pomegranate extract at pH 8.

Temperature
Sample Polyphenol:NH, Gelling Melting
Native gelatin (control) | - 22.0 27.5
Cross-linked gelatin using 19.5 25.0
gallic acid 19.5 25.0
190 24.5

24.0
23.5

Cross-linked gelati 22.0 27.5

coffee extract 27.0
27.0
26.5

26.5

Cross-linked gelatin 26.5

pomegranate ‘:% IC 26.0

AULINENINYINg
RINNIUUNININY
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4.2.2 Free amino group content

Free amino group contents of gelatin before and after cross-linking with
different plant phenolic compounds are shown in Figure 4.7. At the same
polyphenol:NH, ratio, the higher loss in free amino groups was observed in gelatin
modified by oxidation with butterfly pea extract, followed by that modified with oxidized

pomegranate extract, light roasted Arabica coffee extract and gallic acid, respectively.

This result is in good agreement esented in the previous section in that
cross-linking using butterfl cau emendous reduction in the melt

50
45
40
35
30
25
20
15
10

5

0

Free NH, (mM/Protein)

‘o o/

o Y1 02 03 04 11

ARAIN TN A Y

+ Atabica coffee light roasted s Gallic acid 4 Pomergranate o Butterfly pea

Figure 4.7 Effect of cross-linking using different plant extracts and gallic acid on free
amino group content of gelatin. Polyphenol:NH, ratio of 0.2:1 (0.2), 0.4:1
(0.4), 0.6:1 (0.6), 0.8:1 (0.8) and 1:1 (1.0).
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The rate of loss in free amino group of gelatin depended on the type and
concentration of oxidized phenolic compounds used (Rawel, et al., 2001). In general,
the loss in free amino groups was increased when the concentration of oxidized
phenolic compounds increased. The hydroxyl groups of gallic acid, light roasted
Arabica coffee extract, pomegranate extract and butterfly pea extract were presumably
converted to quinone, which functioned as cross-linkers. Quinones have been indirectly
proven to react with amino acids in a peplide chain. The covalent modification of
proteins by phenolic oxidation products generated at alkaline pH has been studied
(Rawel et al., 2002). Covalent-protein modification-oy phenols oxidized at alkaline pH
induced protein cross-linking.and«a decrease of the isoelectric pH of proteins (Prigent,
2005). The decrease in figé amino is responsible for the decrease in shear viscosity,
gelation and melting tempeéraitre reported: earlier. The result was in agreement with
Strauss and Gibson (2004)fwho th_,lnd the_ﬁ; dll;ecrease in bloom strength of gelatin gels

4
incorporated with oxygenated phenolies.

)
3

== 'j'J

4.3 Effect of cross-linking on the properties of'_g:e-latin films

4

4.3.1 Mechanieal properties and thickness of cross-linked gelatin films

Mechani¢al properties of native gelatin and cross-linked gelatin films with
gallic acid and light roasted Arabica coffge, extract could provide an indication of
expected film integrity under conditions of stress that would occur during processing,
handling, and storage. Pomegranate and butterfly pea serve as_ a rich source of
phenolie compaoundsy, such ‘as @ anthocyanins, Iflavoneids,  phenelic acids and
proanthocyanidins, and some element such as sugars (i.e. glucose and fructose). These
are usually present as glycoside with sugar moiety linked though an OH group or
through carbon-carbon bonds. It is obvious that the structure of phenolic compounds
and some element of pomegranate extract and butterfly pea extract caused cross-linked
gelatin films with pomegranate extract and butterfly pea extract did not film-forming

formation.
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Tensile strength, elongation to break and Young’s modulus of cross-

linked gelatin films incorporated with gallic acid at polyphenol:NH, ratio of 0.2:1, 0.4:1,

0.6:1, 0.8:1 and 1:1 are presented in Figures 4.8 to 4.10.
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The major advantages of phenolic compound over the aldehydes used
for cross-linking of gelatin are that they are non-toxic and entirely biodegradable.
Phenolic compound could react with more than one protein site and led to cross-links
between proteins (Haslam, 1989). At pH 8, phenolic compounds could be converted to
quinone, a protein cross-linker, in which new covalent cross-links could be formed.
Quinones react with amino or sulfhydryl side chains of polypeptides to form covalent C-
N or C-S bonds (Strauss and Gibson, 2004), From the result in Figures 4.8 to 4.10,
Tensile strength and elongation to break of cress-linked gelatin films at all gallic acid
concentrations was signifieantly - higher (p=0.05)- while Young’s modulus was

significantly lower (p<0.05) than that of non cross-linked gelatin film.

Elongation 1o break of filrj‘fr_l added with gallic acid concentration at all
polyphenol:NH, ratios iended ‘to 'il.n_cre'ez;e with increasing polyphenol:NH, ratios.
However, there were no gbvigus C‘Hangeslljobléerved as polyphenol:NH, ratio increased
from 0.8:1 to 1:1 (p>0.05). Young's moc;l;i;us;was seen to decrease with increasing
polyphenol:NH, ratio in the O.2:1‘ to-'E)‘.6:1 raﬁbe ?nd remained unchanged from 0.6:1 to
0.8:1 polyphenol:NH, ratio (p>O.I."05).- When tﬁéléléncentrations of gallic acid were higher

than 0.6:1 polyphenokNH,, ratio, o cbvious 'dlﬁiéﬁ‘éés in.elongation to break and Young’s

modulus were obsé'rlv;e:d (p>0.05). The results indicated that phenolic compound at a
polyphenol:NH, ratio gréater than 0.8:1 could be an excéssive concentration, in which
intermolecular cross—linl;s could not be formed. any furthemr. From the result, the marked
increase in both'tensile strength'and- elongation to break was found in the film prepared
from cross-linked" gelatin using gallic.acid. Gallic acid is a large molecule with several
functional groups, which ¢an polymerize protein with "a longer ¢hain length. This might

contribute to the increase in elongation to break of resulting films (Orliac et al., 2002).



67

Films from gelatin cross-linked with light roasted Arabica coffee extract
at various polyphenol:NH, ratios had varying tensile strength, elongation to break and

Young’s modulus (Figures 4.11 to 4.13).
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slightly deceased as the polyphenol:NH, ratio increased to 1:1 (p<0.05). Young's
modulus decreased with increasing polyphenol:NH, ratio from 0.2:1 to 0.8:1 and
increased afterwards (p<0.05). These results indicate that oxidised phenolic

compounds showed the enhancing effect on mechanical properties of gelatin film.
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Thickness of all films prepared from gelatin cross-linked with gallic acid
and light roasted Arabica coffee extract ranged from 87.7 ym to 107.6 um (Table 4.8).
The thickness of the films prepared from cross-linked gelatin with gallic acid and light
roasted Arabica coffee extract tended to increase with an increase in polyphenol:NH,
ratio (p<0.05). At higher polyphenol:NH, ratios, the increase in thickness of fim

incorporated with gallic acid and light roasted Arabica coffee extract was apparent.

Quinones from gallic acid and i rabica coffee extract at a high amount

might cross-link the unfolde alized between protein molecules

resulting in the increased-i

Table 4.8 Thickness of dc

Arabica coffeg'€x at Ve

Type Thickness (um)

Native gelatin 87.7°+ 4.2
Gallic acid 90.7°£ 6.0
98.7° X 45

98.1° 3.3

90.4°+ 3.4

1045 X 4.8

L@mmﬂwaﬁwwmm
0.4: 1 90 6 f£22
ARIAN T UWATN Y
0.8:1 9487 %79

11 107.6° £ 3.7

a,b,c..

Values with different superscripted letters in the same column are significantly

different (p<0.05).

*Values are given as average T standard deviation calculated from five replications.
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4.3.2 Swelling properties

The effect of gallic acid and light roasted Arabica coffee extract cross-

linkers on swelling properties of films is shown in Figure 4.14.
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extract and gallic acid. The increase of cross-linking degree obviously resulted in the
decrease of gelatin combination with water. In general, cross-linking and/or hydrogen
interactions with other components decrease water uptake by proteins since polar-side-
chain groups become less exposed to bind water (Cao et al., 2007; Kim et al., 2005;
Rhim et al., 1998; Bigi et al., 2001). Gelatin is a true alternative to many of today’s

synthetic materials (Schrieber and Gareis, 2007). Completely biodegradable transparent
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films for foodstuff packaging for example have already been successfully produced
from physically hardened gelatin films (Schrieber and Gareis, 2007). Since one of the
major drawbacks in the use of gelatin films in technical applications is their water
absorption tendency, any improvement in water resistance as that shown in this work

can be highly important.

4.3.3 Whiteness of cross-linked gelatin‘films.

Table 4.9 shows..that ceﬂllor and. whiteness of films from cross-linked
gelatin with gallic acid and various plent extracts at different polyphenol:NH,. The
lightness (L*) value andswhiteness /of tt;e cross-linked gelatin films decreased while
redness (a*) value and ygllowness (b"*) va'_t-t‘Jes increased as compared to native gelatin
film, except for the caset of crOSS—I{nkec':‘t" gelatin' using butterfly pea extract where
yellowness (b*) values ‘were tourtel t_e decEégse with eross-linking. Cross-linked gelatin
film had the decreased lightness ,(L?*) valt'j"efv_alnd yellowness (b*) values when higher
polyphenols:NH, ratios of ga’ttte'acid Iiéﬁt"--"}oasted Arabica coffee extract and
pomegranate extract were used: Redness ( ) veltie.of fllm added with gallic acid and
light roasted Arablca ceﬁee—e*tFaet—meFeaeeet—mﬁth—meFeasmg ‘polyphenols: NH, ratio and
slightly deceased as the polyphenols:NH, ratio moreased When pomegranate extract
and butterfly pea extract were used as cross-linkers. ‘-‘Whiteness of all cross-linked
gelatin films with gallic acid 'and | light 'foasted“Arabica coffee™extract decreased while
that of gelatini films cross-linked with pomegranate extract increased as the
polyphenolsNHy réfio, finereaseds \Filnis | fftom~erossAlinked | gelating with butterfly pea
extract had the lowest whiteness (negative value) and showed the lowest yellowness

(b*) values (negative value) due to the vivid deep blue color of the flowers.



Table 4.9 Expressible color and whiteness of films from cross-linked gelatin with gallic acid and various plant extracts at different polyphenol:NH,

ratios.
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Polyphenol/NH, Ratio L* b* Whiteness °
° .
Native gelatin 96.13° £ 0.25 0. ‘R&. 4.93° £ 1.11 93.71° £ 1.03
Gallic acid cross-linking
0.2:1 78.37° 1 2. 42.33" £ 353 52.31° 1 4.32
0.4:1 69.01° + 2.1 48.30° + 1.98 41.50° = 1.34
0.6:1 64.13° 1.3 48.48° £ 1.10 38.04° £ 0.20
0.8:1 61.07° £ 0.32 45.24"° +0.09 38.57° X 0.24
1:1 52.21" £ 0.51 33.27° £ 0.81 38.02° £ 0.19
Arabica coffee cross-linking
0.2:1 72.72° % ; .80 37.74° £ 0.61 52.34° 1 2.83
0.4:1 50.18' + 0.4 39.43° 1+ 7.58 39.37°£5.10
0.6:1 56.91°1£396 ¢ . 2162 £2.31 37.41" 1 439 38.06° £ 0.90
0.8:1 45, 2ﬂtuzﬂq Qﬂ E}sﬁﬁfw 8’]ﬂ‘§z4 91"+ 027 34.12°+1.15
1:1 46. 57_287 2724°£ 076, 2701 '+ 389 34.11° £0.96
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Table 4.9 (Continue) Expressible color and whiteness of films from cross-linked gelatin with gallic acid and various plant extracts at different

polyphenol:NH, ratios.

Polyphenol/NH,, Ratio L* b* Whiteness
=
w
i i 96.13° £ 0.25 -0.32 4 0.09-. 4.93° £ 1.11 93.71° £ 1.03
Native gelatin . . "\:N“"h
Pomegranate cross-linking ‘
0.2:1 47.26 £1.18 ‘ 53.57° £ 1.33 9.31'+0.42
: '+ 0.3 LAT7128 I ‘ °4 °+
0.3:1 46.20 T 0. ‘ &4 ‘ 4 48.02° T 1.51 13.76 £ 1.63
Butterfly pea cross-linking By
| Raor ) | |
0.2:1 17.18' £ 0.48 4 eyl ‘ -80.17' £ 0.91 -24.64' +0.86
0.4:1 15.43 % 2.80 a4y 5% -65.89' % 1.59 -14.28" + 1.66
0.5:1 8.27°£0.30 et o'l -56.61" 1 1.36 -12.39° £ 0.91
a,b.c.. L . . T B 2y
2% Values with different superscripted letters in the Same-column-are-sigr ficantly-different (p=0.05).
v, A
" Values are given as average T standard deviation Calcmwd from three replications. m
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4.3.4 Effect of cross-linking on morphological of gelatin films

SEM photographs of gelatin films prepared from native gelatin and
gelatin cross-linked with gallic acid and light roasted Arabica coffee at various
polyphenol:NH, ratios of 0.2:1.0, 0.4:1, 0.6:1, 0.8:1 and 1:1 are shown in Figures 4.15
and 4.16. The results show that the gelatin film without cross-linking has smooth surface.

The gelatin films cross-linked with gallic Tid and light roasted Arabica coffee at 0.2:1 to

\/

} d uneven surface containing some

1:1 polyphenol:NH, ratios shov

crystal-like structures in ca mple ﬂw’th gallic acid solutions and some
J T —
particles in case of those T ith coffe . The crystals and particles could

possibly be the excessi i 5 -linking process and the fine

leading to the reduction of fre \gglgme"ﬂ - bolymer matrix. Some cracks were also
i

o
= 4 A

uc

-/
ous' zol ,on_the._film surface could also be

. A
m. The diScontin
N

related to the formatien-of preferential-channels dur i r‘ > process of film drying (de

Carvalho & Grosso, 209'3)'.'
AU INENINYINS
ARIAN TN INYAE
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Figure 4.15 SEM images of gelatin films prepared from (a) native gelatin (control),
gelatin cross-linked with gallic acid at various polyphenol:NH, ratios (b)
0.2:1, (c) 0.4:1, (d) 0.6:1, (e) 0.8:1 and (f) 1:1. All SEM images were taken at

1500x magnification.
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Figure 4.16 SEM images of gelatin films prepared from (a) native gelatin (control),
gelatin cross-linked with light roasted Arabica coffee extract at various
polyphenol:NH, ratios (b) 0.2:1, (c) 0.4:1, (d) 0.6:1, (e) 0.8:1 and (f) 1:1. Al

SEM images were taken at 1500x magnification.



CHAPTER V

CONCLUSIONS

This work demonstrated that cross-linking of gelatin could possibly be done

using plant extracts that were high in total phenolics content.

The total phenolics content, expressed in term of gallic acid equivalent (GAE),
varied from 1.712 to 163.125 mg GAE /g/of dry weight for different selected plants
extracts. The three highest phenolics-containing..crude plant aqueous extracts, which
were light roast coffee extractpulierfly. pea extract and pomegranate extract were used

in subsequent cross-linking.of gelatin. “"J.

In all gelatin cross=linking usihﬂg dif:ig"rlent (0.2:1 t0 1:1) polyphenol:NH, ratios, the
viscosity of gelatin solutions (6.6 7% w/V) a;')d free amino groups decreased when cross-
linking polyphenol:NH, ratig'ingreased. C;:jssrlinking using gallic acid and the extract
of pomegranate and light roasted. Arablcar Goffee caused the gelation and melting
temperature to decrease. Butterﬂy pea extracl was the most effective cross-linker that
caused gelling and melting complex wscosmes"to decreasl_‘e. The thickness of the films
prepared from native %ﬂd—cmss:r'mked'gelatin varied from‘-8l‘“7 to 107 um. The swelling
percentage of cross—lilnk'ed gelatin films decreased with tHe- increase in polyphenol:NH,
ratio. In all samples, Wh"en 1:1 polyphenol:NH, ratio were .used, the swelling percentage
decreased 59./% and 61.9%, tespectively for light-roast coffeg and gallic acid cross-
linking compared to native gelatin. The films prepared from cross-linked gelatin had
lower lightness (L*),! yellownéss (b*) ‘and" whiteness" valles ‘but-digher redness (a*).
Except far the films prepared from gelatin cross-linked with butterfly pea extract that
showed slightly blue (negative b*) color that is the typical color of the flower of butterfly
pea. The tensile strength and elongation to break of cross-linked gelatin films increased
while the Young's modulus decreased when added with light roast coffee and gallic

acid.
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Appendix A

Sample and Reagent Preparations

A.1 Preparation of 100 mL 10% (v/v) Folin-Ciocalteu Reagent

Chemical

Method

Mix 10 mL of F ater in a 100 mL volumetric

flask.

A.2 Preparation of 100 mL 20% (v/ - rbonate

Chemical -

. ~: d

1. Sodium carbate a
W

U

ZmﬁﬁﬂqwﬂwﬁWBWﬂs

Method

e nmuw AR YA Y ars s o .

boil. After cooling, add a few crystals of sodium carbonate, and after 24 hr, filter and

add distilled water to 100 mL.
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A.3 Preparation of 100 mL Gallic acid standard solution

Chemical

1. Gallic acid monohydrate

2. Ethyl alcohol

3. Distilled water
Method “— ‘/../Ji,

In a 100 mL ve flas] solve *!.’5“- of dry gallic acid in10 mL of

ethanol and dilute to velume be opened daily, but to store, keep

2
o

closed in a refrigeratorp to

A.4 Preparation of 25 mL 2
Chemical
1. FIuoresca‘-"
2. Acetone vblli
Jl

Method

AU ANEN NN e o

volumetric flask. Can be Oﬁned daily, utt st or eep closed in ‘@-fefrigerator up to 1

v 3| WA
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A.5 Preparation of 100 mL, 0.05M Sodium tetraborate, pH 8.9

Chemical

1. Sodium tetraborate decahydrate

2. Distilled water

3. Acetic acid glacial

Method

2

9 g of sodium tetraborate

In a 100 mL"
decahydrate in distill 0 using 4M sodium hydroxide or 4M

acetic acid.

A.6 Preparation of 100mL, hloride stock solution

Chemical

1. L-Lysine menoh
2. Distilled .’f ’
Tl

. i

Method

 FUE NN TWHADT e

distilled water and adjusted to voluthe with distilléal water in 100 #al volumetric flask.
setos Bbobinint B el e Kol Gloh kel G 0.02 v
q

Lysine monohydrochloride.
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A.7 Preparation of 100 mL of 4M Sodium hydroxide

Chemical

1. Sodium hydroxide

2. Distilled water

Method

16.327 g of sodium hydroxide lissOlve distilled water. The distilled water

A.8 Preparation of 100
Chemical
1. Acetic acid gla
2. Distilled water

Method - £

Y Y )

Mix 22.9 mL --I:- c ed Water in a 100 mL volumetric
4 i¥

AULINENINYINg
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flask.
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A.9 Preparation of 60 mL, 2.812M Gallic acid solution
Chemical

1. Gallic acid monohydrate

2. Ethyl alcohol

3. Distilled water

Method

In a 60 mL vol

ethanol and dilute to velume c e opened daily, but to store, keep

closed in a refrigeratorp to

AULINENINYINT
RN TUAMINGAY
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Appendix B

Standard Curve

B.1 Preparation of gallic acid standard curve

These solutions will have phel ] entrations of 0, 50, 100, 150, 250, and 500

mg/L gallic acid, the effectiv

300 | 450 | 650

solution (mg/L)

Gallic acid stock 360 | 540 | 780

solution (uL)

d.H,O (mL) 564 | 546 | 5.22
Total (mL)
From each calibrati OM_ into separate cuvettes, and

to each add 4.74 mL d|stJed water, and then add 300 pL of the Folin-Ciocalteu reagent,

and mix well vﬂt u3ﬁ|n’3 Wﬂaﬂﬁ Wﬂef])ﬂﬁarbonate solution , and

shake to mix. Léave the solutions at room temperature under dark Cond|t|ons for 90 min

N WWW”ﬂﬁﬂTﬂlﬂ“‘Nﬁﬂ“?Wﬂ@m 4

Spectrophotometer against the blank (the O mL solution) and plot absorbance vs.

concentration. Results are reported at Gallic Acid Equivalent, GAE (Figure B1).



0.5

0.4

0.3

0.2

Absorbance at 765 nm

0.1

Figure B1 Standard cu

93

y = 0.0007x + 0.0027
R? =0.9995

) 450 500 550 600 650 700

absorbance at 765 nm and

gallic acid cong

[
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B.2 Preparation of L-Lysine monohydrochloride standard curve

These solutions will have Lysine concentrations of 0, 0.02, 0.04, 0.06, 0.08, 0.1,
0.12, 0.16 and 0.2 mM L-Lysine monohydrochloride, the effective range of the assay
(Table B2).

Table B2 Preparation of L-Lysine monohydrochloride standard solution for calibration

curve.

L-Lysine 0.10 | 0.12 | 0.16 | 0.2
monohydrochloride

standard solution

(mM)

L-Lysine 25 3.0 4.0 5.0

monohydrochloride

stock solution (mL)

d.H,0 (mL) 25 | 20 | 10 | ©

Total (mL) Q |
J iy

From each cahb&ahon solution or blank Add exactly 50 pL into separate

cuvettes, andﬁ %Wﬂﬁmwﬂ{}aﬂ ﬁzn add 150 pL of the

fluorescamine, and mix well. The react|on was complete in a few seoonds Determine

S LRI L T LR AN 1

using a §pectrofluorometer against the blank (the 0 mL solution) and plot absorbance

vs. concentration. It is shown in Figure B2.
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3
<
O ! ! ! 1
0 0.16 018 0.2 0.22
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Appendix C

The properties of cross-linked gelatin solutions and films

Table C1 Effect of cross-linking using gallic acid and different plant extracts on free

amino group content of gel ti‘

Native gelatin

Polyphenol:NH, Light soasted 58 \ *  Butterfly pea*
Ratio Arabica |

0.2:1 22.83°1 06

0.3:1

0.4:1 1343t 05

0.5:1 1145+ 0.8
0.6:1 |
0.8:1 e P T S o L S et )
11

a,b,c..

Values with dlfferenisgerscrlpted Iett in the same column are significantly

e B4 9111 TN

*Values are g|va4 as average Tt star@lard deV|at|on calculated fromqpree replications.

ARIANN I RN Y
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Table C2 Effect of cross-linking agents on swelling ratio of gelatin films.

% Swelling
Native gelatin 755.02° £ 22.1
Polyphenol:NH, Ratio Light roasted Arabica coffee*® Gallic acid*®

0.2:1 552.93° + 20.7 523.21 1 61.9
0.4:1 48769 +27.3 446.60° £ 10.6
0.6:1 36048 43.9 412.00° = 28.6
0.8:1 & (0 s 288.82" £ 9.1

1:1 1304.08" %85 208.95 £ 14.2

a, b, c.

“Values with different superscripied lettérs in the same column are significantly different
(p=<0.05).

*Values are given as average Tystandard de"‘v!iati'cm calculated from three replications.

id

d )
o

Table C3 Mechanical properties of the gelatin films prepared from 6.67% (w/v) native

gelatin solution (control) and 6.67%“‘.(.?\_/\1'[2/)‘ gelatin solution cross-linked with

gallic acid.
Polyphenol:NH,  Tensile strength* Elongation* Young's modulus*
Ratio (MPa) (%) (Mpa)
Native gelatin’® Control 249" 009 62.75111.08 91.03" £ 3.71
Gallic acid 0.2:1 6.98%.% 0.07 75.29° X 4.55 73.66° £ 6.32
0411 7977 £0.21 88.18' £ 2.04 60.98° & 1.83
0.6:1 9.11°%+0.15  102.56° £ 1.00 49.76° £ 1.92
0.8:1 9.30°£0.12  109.17° £ 1.48 50.74° = 1.51

1:1 11.51°%0.28 107.08° £ 1.74 44.78° 2,67

a, b, c.

“Values with different superscripted letters in the same column are significantly different
(p<0.05).

*Values are given as average T standard deviation calculated from three replications.
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Table C4 Mechanical properties of the gelatin films prepared from 6.67% (w/v) native
gelatin solution (control) and 6.67% (w/v) gelatin solution cross-linked with light

roasted Arabica coffee extract.

Polyphenol:NH, Tensile strength* Elongation* Young's modulus®

Ratio (MPa) (%) (Mpa)

62.75 +1.08 91.03" £ 3.71

Native gelatin Control

Light roasted 0.2:1 74.80° + 3.20

Arabica 71.15°£3.25
coffee ,

90°80° % 2.06 59.10° £ 5.72

+1.53 4717° 1 4.45

_ 24" 13,68 53.42° + 3.48

“Values with differént superscg l;'&t olumn are significantly

different (p<0.05)

* Values are given as average = sta {rﬁ G viati lated from three replications.
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