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CHAPTER 1

Thesis Introduction

More than 95% of the U.S. peaRyfus communi&.) are grown in
Washington, Oregon, and California (NASS 2006) aindut two-thirds of the fruit
are processed and the remainings are sold in¢sh fnarket (Seavert 2005). Canned
pears are among the top four canned fruits consumibe United States (Pollack and
Perez 2006). Unfortunately, the consumption of ednfinuits in 2006 fiscal year hit
the lowest amount in the last 25 years, which eapdstially attributed to the lower
usage of canned pears (Pollack and Perez 2006)d&dime in sales partially explains
why the fruit bearing acreage of pears decreased 81,000 acres to 62,200 acres
from 1980 to 2005 in the U.S. (Pollack and Pere2620

A number of factors contribute to the decline @& tanned fruit industry,
including lost markets both domestically and ing&tionally, increased labor costs and
escalating transportation rates. One of the maatieiges that pear producers face is
to increase the value of the fruit, i.e., develgpnew value-added pear products.

For nutritional and aesthetic reasons, it is dbteéréo prepare colorful
thermally processed peels-on pears. This studydweasn by the need to develop a
new value-added pear product: ready-to-eat, caébilzed thermally processed
peels-on pears packed in clear glass or plastikgggeg to generate higher consumer
appeal. Firstly, the current knowledge on natuiginents provides a sufficient
scientific base to develop methods to retain tigengints on pear peels, particularly
true for green and red pears. Secondly, the eftmtributes to increase the

competitive quality of U.S. pears as colored canmeats have not been developed



anywhere else yet. Thirdly, it helps to reduceah®unt of material waste during
production as the peels are left on the fruit.

Pears are normally thermally processed to assurearganism stability.
Unfortunately, green chlorophylls and red anthoaysien the pear peels are readily
degraded during the conventional process, resuhigigrk brown products. The
discoloration is directly linked to the extremelystable nature of the pigments (von
Elbe and Schwartz 1996; Wrolstad 2000). Moreov¥emnihocyanins are successfully
stabilized, their water-soluble nature doublesabstacle to obtain red colored pears
as most of the pigments will diffuse from the skgsue into the solution.

The concept of this new value-added pear product fisst create a shelf-
stable product using canning technology with afdifelup to 1.5-2 years, and then
re-pack the product in clear glass or plastic aoeta so that the product has attractive
appealing to consumers and a shelf-life up to ardirmonths. The new packaging
technology will combine convenience, freshness,andlorful presentation. This
concept takes efforts from a multi-disciplined teamsluding the Northwest regional
pear industry, university researchers, and foodgssors for helping pear producers
and processors meet the challenges now and imtinesf

In an attempt to retain the red and green col@eafrs, this thesis research
focused on known methods and mechanisms in stagjlchlorophylls and
anthocyanins in the literatures. The methods @fimeig green pigments have been
well developed for spinach, green beans, and peasElbe and Schwartz 1996).
Although the technologies using metal ions suchias have proved successful in
vegetables, our initial attempts to directly apihlg method in processed pears has not
been proved to retain greenness of the productifidation and further development
are thus obviously necessary. For red anthocyarenent research results have
revealed that anthocyanins can be stabilized bpwsmechanisms such as co-
pigmentation, metallo-complexation, chemical transfation, and anthocyanin-
embedment. However, no proven technology to retgianthocyanins on the peels of

any processed fruit and vegetable product.



The objectives of this thesis research on the obloylls were to develop
methods and procedures to retain the green apmeasficanned green pears through
the formation of zinc-chlorophyll complexation atadinvestigate the nature of the
created green pigments on the pear peels. Thetngigof the study on anthocyanins
were to develop a formula composed of metal ioress:linking agents, and
phenolics and the processing procedures that aebtmof retaining the red
appearance of canned red pears as well as to igatesthe mechanisms through
which anthocyanin are stabilized on the peelsested fruits. HPLC analysis and
UV-Visible spectrophotmeteric methods as well astpgraphs were used to identify

and report pigments and pear appearance changescessed pear samples.
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CHAPTER 2

Literature review

2.1. Pigments and pear color

Color, flavor and texture are the primary attrilsubé food quality that
determine consumers’ purchase decision on the ptodlbe most varieties of pears
have a yellow skin (peels) at optimum ripeness. &wvarieties have brown, green or
red coloration, such as Bosc, D’Anjou, Starkrims@aspectively, which appeals very
attractive to the consumers (Mazza and Miniati J9B8ar peels may contain all three
major families of natural plant pigments—carotespichlorophylls, and
anthocyanins. During ripening, degradation of abyrylls a and bbesults in
disappearance of the green color to yellow dubegtresence of carotenoids (Gross
1984). Lutein is the major carotenoid in pear pealth 3-carotene being present at
much lower concentrations (Gross 1984; Heinonenadiners 1989). Some pear
varieties are partially or fully red as a resultle presence of the anthocyanin
pigments, cyanidin-3-galactoside and cyanidin-®@@side (Mazza and Miniati
1993; Dussi and others 1995). The pattern of rgchpnt distribution in pear peels has
been investigated by Dayton (1966), showed thapdsts have a non-pigmented
epidermis with two to seven additional layers comite anthocyanins lying above
(Table 2.). An exception is Starkrimson pears where all apnite cell layers contain
anthocyanins. Pear peels are also rich in phenoids, flavonols, flavan 3-ols (-), and
proanthocyanins, all of which may have an effecpear peel color from their

oxidative degradation, or through their interacsiovith anthocyanins.



2.2. Heating and pear color

Several industrial operations associated with hgatan have significant
impact on the color of fruits and vegetables orp@&athis study. The produce is
blanched, cooked, boiled, canned, and/or pastelbeore cooling down inside a
packaging container.

Blanching is a short heat treatment in order tativate enzymes and to
stabilize the fruits against deterioration durimglpnged storage. Blanching is often
used prior to freezing. In canning, blanching istmally conducted in water to
evacuate the air inside the fruits to limit the ammtoof oxygen trapped in the cans.

Retorting by canning is generally conducted at @2for 25 — 40 min to
produce a sterile product. The target criteriotoidestroy spores @lostridium
botulinum the most heat-resistant food poisoning bacteria.

Pasteurization, normally at a temperature highan 60°C and lower than 100
°C is to target a destruction of spoilage and pathmgmicroorganisms to stabilize the
product during storage. In common practice, pastation is used in processing
canned pears as the pH of the final product isvbdl® at whichC. botulinumspores
can not grow.

As canned pears go through thermal processing, iplaysical and chemical
changes occur, particularly in the pigments inglels. The yellow color caused by
the presence of carotenoids is relatively stablenduprocessing and storage as
observed for carotenoid-rich fruits and vegetablesh as tomatoes and carrots. The
green color from chlorophylls and the red colomiranthocyanins, in the contrary, are
extremely sensitive to physical and chemical chamgeountered through food
processing and storage. Since processed yellowembfmears with good stability can
be obtained with no major technical difficultielsetpear carotenoids will not be the
focus of this research. The cause of green coss ¢d green produce during thermal
process and the technologies to retain the gragmamts will be reviewed in detail
and the most promising method will be adapted taimehe greenness of thermally

processed peels-on pears. Unlike chlorophylls andtenoids which are water-
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insoluble and for which chemistry information antahslization methods have been
well established and exploited, there have no gr&tiag procedures and technologies
in the literature for retention of water-soluble @nthocyanins on the peels or the
surface of thermally-processed fruits. In the sciopé anthocyanin stabilization, a
variety of mechanisms revealed by researchers madetanic items such as flower
petal, or food products, such wine, or on non-fpomtlucts, such as pigmented clay
will be reviewed and used as a guidance to artieldpeculate the author’s hypotheses
to retain red pigments on processed red pear peels.

2.3. Chlorophylls and green pigment stabilization
2.3.1. Chemical structure

Chlorophylls are magnesium (Mg) complexes derivedhfporphin which is
based on tetrapyrrole macrocyle linked by metheitgbs forming a closed,
conjugated loop (Ferruzzi and Schwarz 2005) (Figuig.

Chlorophyll a and b are the major chlorophylls fdum green plants in an
approximate ratio of 3:1 (von Elbe and Schwartz6)9%hey differ in the carbon C-7
substituent. Chlorophyll a contains a methyl gradmle chlorophyll bcontains a
formyl groups (Figure 2.1). Figure 2.1 shows thathlchlorophylls a and b have a
vinyl and an ethyl group at the C-3 and C-8 positi@spectively, a carbomethoxy
group at the C-3position of the isocyclic rings, and a phytol goaesterfied to
propionate at the C-17 position. Phytol is a 20doarmonounsaturated isoprenoid

alcohol.

2.3.2. Location and physical characteristics

As the major light-harvesting pigments in greemgachlorophyll-rich cells
accumulate in the exterior part of the plant leg#egure 2.2) or the skin of fruits. In
the cell, chlorophylls are located in internal gisyinthetic membrane (also known as
chloroplast membrane or thylakoid) of intercellubaganelles of green plants known

as chloroplasts (Figure 2.3). They are water-irtdeland closely associated with
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carotenoids (Figure 2.2), lipids, and lipoprotgiwsn Elbe and Schwartz 1996). Non
covalent bonds form weak linkage between thesecutds and are easily broken by
maceration and solvent effects and hence chlortgpbgh be easily extracted in
organic solvents (von Elbe and Schwartz 1996).alvent such as acetone,
methanol, ethyl acetate, pyridine, and dimethylfammde are most effective for
complete extraction of chlorophylls while nonpatatvents such as hexane or
petroleum ether are less effective (von Elbe arfdv@&ctz 1996).

Chlorophylls absorb visual light at two separatedsabetween 600 and 700
nm (red regions) and between 400 and 500 nm (elgiems) (von Elbe and Schwartz
1996) (Figure 2.4).

2.3.3. Chlorophylls degradation by heat and acid

A number of studies have thoroughly reviewed thgragation of chlorophylls
during food processing of vegetables and fruitsatble and Marangoni 1996; von
Elbe and Schwartz 1996; Kidmose and others 2008%seted here is a brief
summary on the effects of high temperature andpéirxcondition, which are reported
to be the major causes of loss of green coloremtially-processed produce (von Elbe
and Schwartz 1996). Few studies have been perfoomegeen fruits.

Table 2.2 shows the quantity of various chlorophdgltivatives throughout a
typical heat processing scheduled for retortingagh. During the first 15 min
heating, pheophytin increases rapidly while chlbsglbdecreases rapidly. Further
heating decreases pheophytin and increases pyrnopyien These results suggested
that the mechanism for chlorophyll decompositionryicanning is a two-step
process: displacement of Mg from the central pasiaf green chlorophyll by proton
H* resulting in olive-colored pheophytin and thenlaepment of the C-10
carbomethoxy group of pheophytin with a hydrogematesulting in olive-colored
pyropheophytin (Schwartz and Elbe 1983; Weemaeotrats 1999) (Figure 2.5):

Chlorophyll-> Pheophytin=> pyropheophytin
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Chlorophyll degradation by heat follows a first-eradeaction mechanism and
a rise in temperature will result in an increasdegradation rate (Haisman and Clarke
1975; Schwartz and Elbe 1983; Steet and Tong 1996) lengthened heat process,
total heat destruction of chlorophylls results gafig in the formation of pheophytins
and pyropheophytins (von Elbe and Schwartz 1996¢. |dss of magnesium from the
porphyrin ring of chlorophyll causes a change mdbsorption spectrum in that the
peak at 428 nm moves to 408 nm with a small inergagxtinction coefficient and
the peak at 661 nm moves to 667 nm with a markeredse in extinction coefficient
(Houssier and Sauer 1970). The color of the trepteduce thus changes from green-
blue (chlorophyll) to dull olive (pheophytin, pyrogophytin) as commonly seen in
canned spinach or beans.

Among the two chlorophylls a and b, the formatidploeophytin from
chlorophylla has been reported to be more rapidly than fronbtfoem (Schwartz
and Elbe 1983; Weemaes and others 1999). Besideppitinization, an
isomerization of chlorophylls can also occur arer¢hare as high as 5 — 10 % of
chlorophyll a and b converted to a’ and b’ afteativeg for 10 min at 108C as
observed in green leaves (Schwartz and others 1981)

Besides the temperature and the length of themaainhent, chlorophyll
degradation in heated vegetable tissues is cla@dtdgted by tissue acids. It is
believed that the first effect of heat on the chjyll degradation is to increase the
pass of hydrogen ions across cell membranes (Haisma Clarke 1975) starting in
the temperature range of 50 - ®Dor higher at both atmospheric and high pressure
conditions (Haisman and Clarke 1975; Weemaes aret©1999). Haisman and Clark
(1975) studied the pheophytin formation in multiplant tissues and reported that the
pheophytin conversion in green beans was 12 tiamerf that in the leaves in spite of
their similar pH value. This led them to conclutattthe concentration and nature of
the cellular acids as well as the degree of thecason between chlorophyll and the
materials in the chloroplast can largely influetioe degradation rate. In a basic
media, however, chlorophyll will be very heat seaplon Elbe and Schwartz 1996).



2.4. Green pigment stabilization
2.4.1. Attempts to retain green color for thermallyprocessed produces

Various methods have been proposed to retain ghtigils in processed
vegetables. Most of them which were reported teffective in limiting the
degradation of chlorophylls during processing, uifieately, did not successfully
retain the green color during prolonged storageaoised a decrease in the overall
guality of the products.

Acid neutralization to retain chlorophyliSince chlorophyll is more stable in
the basic environment than in acidic condition,tredization of acids in the green
vegetables by use of calcium oxide and sodium ddgeh phosphate in blanching
water has been proposed to retain the chloroptulis\g processing (von Elbe and
Schwartz 1996). The high pH condition, unfortunatetsults in softening of the
texture and alkaline flavor (von Elbe and Schwaag6).

High-temperature short-time (HTST) processiBgsed on the finding that the
amount of retained chlorophylls during thermal mssing is closely related to the
processing temperature and time, a procedure oflHES thus been developed and
showed success in processing spinach puree (SchavattLorenzo 1991). However,
this attempt controls only the loss of chlorophglied do not stabilize the pigments
which continue to degrade during the storage ok@a@roduct (Schwartz and
Lorenzo 1991).

Enzymatic conversio.his method involves the use of chlorophyllases to
convert chlorophyll to chlorophyllide which is beled to have a better thermal
stability than the parent compounds. The color oapment by this approach was
insignificant, thus insufficient to warrant its camarcialization (von Elbe and
Schwartz 1996).

Re-greeningUnlike other earlier described methods, a methodnted by
von Elbe team using zinc or cooper ions to retageg color has been shown to be a

successful case (Canjura and others 1999). Thadéxdy is named re-greening or
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Veri-Green procedure as the chlorophylls are requldny green and more stable
metallo-complexes of cholorophyll derivatives. Tdare yet not known efforts to
apply this procedure to processed fruits.

Veri-Green™ was developed to improve the colorasfred green vegetables
by adding metal ions zinc to blanching solutionsn(Elbe and Schwartz 1996). Elbe
et al. (1986) attributed the improved color of cathigreen beans blanched in a ZnCl
solution to the presence of zinc complexes of phgtp and pyropheophytin. The
color of the products turned into greener whenesttbf to long storage period. For
green vegetables such as spinach, the technolsglfee in a spontaneous re-greening
of the produce during processing (LaBorde and Vibe E994a). The zinc chlorophyll
derivatives are more heat- and acid-stable thapdhent compounds. Both the
metallo-complexes contribute to the green colaheffinal products.

The production of Veri-Green processed peas, howeas not been
successful because the concentration &t ibms required for a satisfactory green
color after processing is above the Food and Drdigniaistration (FDA) limit of 75
ppm (in the final product) (LaBorde and von Elb®48). A two-phase technology
has then been developed to control the contactliehg&een the product and the Zn
solution. The idea is to blanch the vegetablesnrs@ution prior canning step that is
performed without any added Zn. An example is pserey peas in 50 — 500mg/L of
ZnCl, for 5 min at 83C, and then thermally processed without additianafsZn in
canning solution (traditional method) (Canjura atiters 1999). Thermally
processing fresh peas in Zn solutions has showptbwed green color in contrast to

traditionally processing (Canjura and others 1999).

2.4.2. Major parameters of regreening procedures usg Zn

LaBorde and Elbe (1994) remarked that zinc comfaexation in thermally
processed green vegetables must be preceded tgdhedation of chlorophyll to
form pheophytin. With sufficient amount of zinctime blanching solution, Mg-free

chlorophyll derivatives which are newly formed lgalh from the blanching solution
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will come into contact with Zn to form Zn chlorodhgerivatives (Figure 2.6). The
rate of zinc-chlorophyll-derivative formation isflmenced by various factors such as
zinc and chlorophyll concentration, pH, and thespriee of other compounds such as
divalent salt and surfactants.

Metal ions.Alike zinc, copper can form green metallo-compkexéth the Mg-
free chlorophyll derivatives and even has much éigin affinity to these derivatives
than zinc (von Elbe and Schwartz 1996). The usmpper as technology aid in food
processing, however, is not allowed by FDA. Othepbtrivalent metal ions are
either less effective than zinc and copper or gaie (von Elbe and Schwartz 1996).

Metal ion concentrationMetallo-complex formation is reported to occutlie
presence of 1-2 ppm of Cu although a range of amfooim10 to 20 ppm is required
for complete complex formulation with pheophytingea puree (Schanderl and others
1965). The formation of Zn complexes requires aimirm of 25 ppm to occur, and
100 ppm is required for their complete complexa(i®ohanderl and others 1965). In
addition, not all of the metal ions absorbed i@ plant tissue are available for
reaction with chlorophyll derivatives since othemgponents in the cells will interact
with the metal ions and keep them from reactindnwtilorophyll derivatives (Canjura
and others 1999).

Derivatives of chlorophll a and.There are differences in the reaction rate
between different chlorophyll derivatives and Zméng the chlorophyll derivatives
of the same form, pheophytandoes not react to form the complex as rapidly as
pyropheophytira does and their b forms are also less reactivettigina forms
(Canjura and others 1999). Among the form a ardkbyatives of chlorophyk form
metallo-complexes more rapidly than does chlorddinylLaBorde and von Elbe
1994a). Pheophytin forms metallo-complexes morelgithan pyropheophytin and
pheophorbide because of the presence of interfetbgtituent groups (Tonucci and
Von Elbe 1992; LaBorde and von Elbe 1994a).

Concentration of chlorophylldt is generally believed that the higher the

concentration of chlorophylls, the higher the yiefdzinc metallo-complexes.
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LaBorde and von Elbe (1990) did a study on previoheated vegetable purees in
which chlorophyll had initially been entirely comted to pyropheophytin. The
authors found that spinach purees that had 12 tomesentrations of chlorophyll
derivatives than that of pea purees containedM@gimore zinc complexes after a
identical heating.

pH. In pea purees, zinc complex formation increasédden pH 4.0 and 6.0
but decreased at pH 8.0 or greater. Chloroghwhs retained in the purees with pH
8.0 or higher, suggesting that pH increase mayedser zinc complex formation by
reducing the amount of chlorophyll derivatives éalale for the reaction (LaBorde and
von Elbe 1994a). Hence, the optimum pH range taterthe chlorophyll derivatives
may not be optimal pH conditions to form the metalbmplex. When spinach puree
is preheated and its Mg-free chlorophyll derivagitave been preformed, an increase
in pH from 4.0 to 8.5 resulted in an 11-fold ingean zinc complex concentration
after heating (LaBorde and Von Elbe 1990). Decrgassc complex formation in pH
10 puree was attributed to the formation of instduin(OH) (LaBorde and Von Elbe
1990).

Divalent saltsDivalent cations such as calcium (Ca) and bariua) (Bay
negatively affect the Zn complex formation througeir ability of lowering pH
values and decreasing the permeability of zinc celts (LaBorde and von Elbe
1994Db). It has been reported that zinc complex &bion in pea puree is significantly
lower (c.a. 30 — 38 %) in pea purees containingddtivalent cations Mg, Ca, Ba (0.1
M) than in the control samples (LaBorde and voreElB94b).

SurfactantsAnionic surfactants such as sodium dodecylsugpfBbDS) has
been reported to increase the formation of zinophgtina 2.4 times compared to the
control . A possible explanation is that the antsurfactants increase the negative
charge of chloroplast membrane surfaces, restittiag accumulation of Hions, and
then an increase in pheophytin formation. Convgrsationic surfactants such as
polyoxyethylene sorbitan oleate (TW 80) and ceatgh¢thyl ammonium bromide
(CTAB) have been found to cause a decrease inniogiat of Zn-Pheophytyd
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formed in pea puree by 49 and 56 %, respectivedfrde and von Elbe 1994b). It is
believed that decreasing the negative surface ehafrmembrane surfaces repels H
ions and therefore decreases chlorophyll degradaila the other hand, the repulsive
electrostatic forces can cause a reduction iff im concentration at membrane
surfaces, thus reducing Zn complex formation (Lal®cand von Elbe 1994b).

In Summary, during heat treatment, chlorophylls, the natgraken pigments,
are converted to chlorophyll derivatives causingdpict’s loss of their natural green
color. The regreening procedure of using Zn totregit heat-induced chlorophyll
derivatives forms more stable green pigments thaim parent compounds. The
degree of regreening will depend on the mater@i(ophyll and acid contents,
permeability toward Zff), the condition of reactions (pH, types of presssitites,
temperature), and procedures (preheating, treatimeg&)f. An important remark is that
a common 20-min heat treatment of commercial s&atibn (canning) is much shorter
than the time needed to convert a major part ajroiphyll derivatives into Zn-
derivatives complexes, which can be as long as076M8 in vegetables (LaBorde and
von Elbe 1994a). Thus, one should expect to sew gikld of retained pigments. In
general, érmation of zinccomplexes during heat processing will be mostlyd-apthe
vegetables containing the greatest amount of cployiband processed with greater
concentrations of zinc salts (LaBorde and Von BI#80). However, the use of high
concentration of zinc in fruit and vegetable preoeg can result in a high zinc residue
in the finished product. In the U.S., this techigyidias been approved to produce
market-test products only with a condition of l&s®n 75 ppm in term of zinc
residual. Thus, together with optimum reactionrétghould be a careful process
design to control the transfer of zinc into proeesproducts. In addition, none of the

investigations has studied the sensorial aspedmofitreated products.

2.5. Flavonoids and red pigments
Flavonoids belong to a larger group of natural nig@lant compounds, the
polyphenols (Brouillard and others 1997). Most pbignols strongly absorb light in
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the ultraviolet range (Brouillard and others 1990t only one member of this family,
anthocyanins, is visible to human eyes.

Anthocyanin pigments are commonly seen in flowealgeand fruit epidermal
tissues (Brouillard and others 1997) and are resiptanfor the red to blue colors in
most plants. They are stored within the vacuolesature epidermal cells (Brouillard
and others 1997). The natural physicochemical enuiient for the anthocyanins is
well defined in the literature: slightly acidic aspus solution (Brouillard and others
1997) kept at room temperature away from oxygenamnThe characteristic acidity
of pear juice typically ranges from 3.5 to 4, whalbroader range may be found for
other fruit juicesIn vivo, the color stability of fruits and flowers can nally last for
hours, days, weeks, or may even be limited onltheylifetime of the fresh product
(Brouillard and others 1997). In contrast, fruicgs and extracts of most naturally
occurring anthocyanins tend to degrade quickly @Blard and others 1997). These
anthocyanins, whether unaltered or in faded or atediyy modified forms can
subsequently play a major role in the productiomahy different colors in the
complex environment of food systems rich in otheemolics and macromolecules.
These degradative compounds can either enhancestahility, or accelerate
anthocyanin degradation. Previous reviews on médeduoteractions of phenolic
compounds, with a special focus on the color aalilstation of anthocyanins, have
been written by Timberlake (1980), Mazza and Bitaudl (1987), Brouillard et al.
(1997), Boulton (2003), Es-Safi 2004, and de Fse2@06. This review will focus on
the discussion on the potential natural stabilarathechanisms on pear peels and on
the chemical and physical environmental condititva$ would lead to anthocyanin
stabilization.

2.5.1. Anthocyanins of fruits and vegetables — stailure and characteristics
Anthocyanins are planar, aromatic phenols€£Cs nucleus bearing at least
one sugar residue (Wrolstad 2000b). In additiophatic or aromatic organic acids

can be linked to the sugar moiety through an dxiad.
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The pigments are water soluble, and have greakabibty in ethanol or
acetone which is frequently used for extractiothef pigments (Wrolstad 2000b).
Structural variations in the B-ring result in sbajor groups of aglycones (Figure 2.7).
Hydrogen substitution with OH and/or Oghroup shifts the wavelength of
maximum absorption to longer values (Wrolstad 200This shift toward higher
wavelengths is referred to as a bathochromic shifese structural changes affect
color with changes in hue from orange-red to repuple (Wrolstad 2000b). Those
anthocyanins witlo-substituted hydroxyl groups, such as cyanidin agldhdnidin,
can complex with metal ions (Asen and others 196&lstad 2000b).

Anthocyanins reversibly undergo structural transfation with a change in pH
(Wrolstad 2000b) (Table 2.3); the total amountighpent in aqueous medium is
shared between colorless ultra-violet-absorbinm&themiketals, chalcone) and
colored chromophores (flavylium and quinonoidaljq@llard and others 1997).
Essentially, 100% of the pigment will be in theareld flavylium form at pH 1.0,
while nearly all of the pigment exists as the delss hemiketal form at pH 4.5
(Wrolstad 2000b). Quinoidal forms of the anthocyarpredominate at pH of 7.0 and
above (Wrolstad 2000b). The positive charge ofotk@nium salt of the anthocyanin
increases the polarity and water solubility of actanins (Wrolstad 2000b).
Anthocyanins such as cyanidin glycosides are stalilee flavylium form at pH under
3 and significantly less stable at pH above 3 wiheing stored in pure solutions
without the presence of other phenolics (Fosseroémets 1998; Cabrita and others
1999). The molecules become unstable and entedifievent paths of degradation
via the first step of cleavage of sugar moietiesd{®va and others 2006). High
temperatures in the order of 1D combined with a pH above 3 as the case in
canning fruits, will have disastrous effects onfidite of anthocyanins.

These earlier described reactions are characteosthe aglycone moiety. In
nature, anthocyanins are always present as glyegsmver as an un-substituted
aglycone (Wrolstad 2000b). Glycosidic substitutiothe 3 and/or 5 positions with

mono-, di- and tri-saccharides accounts for moshefstructural variation found in
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nature, explaining for the presence of over 500@ytanins that have been identified
in nature (Andersen and Jordheim 2006). The sugariacreases the water solubility
of the pigments. Acylation (esterification) of sugabstituents with organic acids
creates an additional possible variation in thecstire of anthocyanins (Wrolstad
2000b). Common acylating acids are the cinnamidsaf@-coumaric, caffeic and
ferulic) and aliphatic acids (acetic, malonic andanic acids) (Wrolstad 2000b).
Acylation can have a marked positive effect on pgirstability (Giusti and Wrolstad
2003).

The pKa of the transformation between flavylium &edni-ketal is in the
range of 3.0 - 3.1 for non-acylated cyanidin 3-gkide (Stintzing and others 2002)
and cyanidin 3-galactoside which is the major pigtme pear and apple peels (Dussi
and others 1995). Pears have a pH of 3.5, andftinerleave over 50 % of its pigments
in the colorless forms. The hemiketal and chaldon@s not only result in reduced
absorbance intensity, but are also less stableramd sensitive to irreversible
degradation reactions (Wrolstad 2000b).

While anthocyaning vivo are well stabilized and highly colored, in food
products they commonly exhibit poor coloration amdiergo a number of degradative
reactions during processing and storage that nmsyftr@ color deterioration (Skrede
and others 1992; Garzon and Wrolstad 2002; Reirtsmadonen 2004). Processing
plant products results in tissue damage that desthe protective natural
supramolecular edifices of the cell (Brouillard astters 1997), thus exposing
anthocyanins to various conditions favoring pigmaegtruction (dilution by water,
exposure to pH change, reaction with oxygen, lightl enzymes (Wrolstad 2000a),
and high temperature conditions (Sadilova and etB806)). Some phenolics that are
present along with anthocyanins may show even hiigiséability than anthocyanins
themselves. Phenolic compounds have been charstiexs potential causes of
instability as they are involved in the formatidruadesirable yellow and brown
pigments (Spanos and Wrolstad 1992). A prime exansghe case of enzymatic

browning. Since some anthocyanins, such as cyaglgaosides, contaio-
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substituted phenolic groups, they can theoreticadlye directly as substrates for
polyphenoloxidase (PPO). When cell walls are disdgluring processing operations,
PPO comes in contact with oxygen and phenols (WadI2000b). Although
anthocyanins are rapidly destroyed in fruits withhPPO activity, such as plums
(Siddig and others 1994) or cherries (Pifferi andt@ra 1974), compounds such as
chlorogenic acid or catechin will be, in most cagesferential substrates for PPO as
compared to anthocyanins (Wrolstad 2000b). Theinagdquinones will subsequently
condense with anthocyanins resulting in pigmental#gfion. Hence, the color
instability of anthocyanin-containing foods maydaeised by the interactions of
anthocyanins with other components rather thanr@rtienstability of the anthocyanin
pigment itself (Maccarone and others 1985; Wrol&@@0a). Garzon (1998) reported
that anthocyanin degradation followed first-ordeaation kinetics with half-lives of
only 4-9 days in strawberry juice, but more thamd@nths in model systems with
purified strawberry anthocyanins. Thus, when ingasing the color instability of
anthocyanins-containing food products, one shoaftsicler the contribution of other
added or endogenous compounds in the environmemtlaas the stability of the
anthocyanins.

Thermal degradation of anthocyanins starts withhtyarolysis of sugar
moieties with further degradation by scission ipkdoroglucinaldehyde (cyanidin,
pelargonidin), 4-hydroxybenzoic acid (pelargonidemd protocatechuic acid
(cyanidin), the residuals of the A- and B-ringspectively (Sadilova and others
2006).

2.6. Principles and mechanisms for stabilizing regpigments

Several mechanisms and strategies have been ptbaogr studied for
helping retain red pigments during food processing storage. These include
copigmentation of anthocyanins, formation of metahthocyanins complexes,
chemical transformation of anthocyanins, and sizdiibn of anthocyanins by

embedment, and are discussed in the following@exti
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2.6.1. Intramolecular and intermolecular copigmentéion — effects of
concentration, structure, pH, medium, and temperatue

Copigmentation is a phenomenon in which a cofatdming no color itself
stacks with anthocyanins (Figure 2.8) and inteesitir modifies the initial color of
the anthocyanin solution. The color enhancemeetetif copigmentation has been
known theoretically as early as 1916 and 1931.&Sihen, almost all phenols have
been shown to have cofactor potential (Brouilland athers 1997). In addition to
phenolics, compounds belonging to any chemicallfathat posses a planar,
electron rich ring structure such as purines akdlaids (Asen and others 1972) can

be effective cofactors.

2.6.1.1. Effects of type and concentration of antloganins

The sugar free portion of the anthocyanin molecale be interspersed
between two copigment molecules in a 1:2 ratio dergtion, which is called a
sandwich type configuration (Dangles and Elhajf®4p However, in the case of
anthocyanin glycosides, possibly because of stenidrance from sugar substituents,
the copigments will have access to only one sidb@planar aromatic faces of the
colored anthocyanin moiety and thus will assoclatewith anthocyanins (Brouillard
and others 1997).

The copigment effect can be measurable only whéroaganin content
reaches a certain concentration, known to be appeigly 10°-10° M (Asen and
others 1972; Brouillard and others 1997; da Silwé ethers 2005). The required
cofactor-to-anthocyanin molar ratio is normallythe range from 10 to 100 for simple
phenolic acids and (+)-catechin (Asen and other21Brouillard and Dangles 1994).
In the case of more effective cofactors such as,robpigmentation may be expressed
at a level as low as 1:1 (Brouillard and Dangle84)9

Scheffeld and Hzadrina (1978) investigated copigaten between malvidin

derivatives (malvidin-monoglucoside, diglucosided acylated-malvidin glycosides)
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and rutin, and reported that malvidin 3,5-digludeshad a stronger copigmentation
with rutin than its 3-monoglucoside form (Asen artders 1972). Thus, the difference
in number of position of sugar on the anthocyanas whe main reason of the
increased copigmentation while the nature of tlgasdid not play a significant role
on the phenomena (Asen and others 1972; Chen amtlifa 1981). Eiro and
Heinonein (2002) have also echoed that the incdemsmber of position of sugar on
the molecule will increase the copigmentation gjten

In regards to the anthocyanidin moiety, it has b&®wn that the number of
hydroxyl and methoxyl groups, which varies amorggikx major anthocyanidins
(Figure 2.7), influences the electron-donating cégaf the molecule, thus the extent

of copigmentation (da Silva and others 2005).

2.6.1.2. Cofactors

Color stabilization and variation is believed t@orcto a different extent with
different types of cofactors (Brouillard and oth&897). The most efficient cofactors
with anthocyanins such as cyanidin glycosideshbae been reported in the literature
are glycosides of flavonols (rutin and quercetMpagza and Brouillard 1987). The
next most effective groups are the phenolic adilisz¢a and Brouillard 1990; Mazza
and Miniati 1993). Flavanols such as catechin sle®& strong compigmentation
effects (Mazza and Miniati 1993). Since pear peelftain flavonols (quercetin
glycosides (Spanos and Wrolstad 1992), isorham8thieber and others 2001),
phenolic acids (chlorogenic and p-coumaric acidinearylquinic, caffeic acid)
(Spanos and Wrolstad 1992), and flavanols (cateelpicatechin) (Spanos and
Wrolstad 1992), some degrees of copigmentatioegpected to occur between
cyanidins and those copigments in its peels adbas found on apple peels by
Lancaster et al. (1994).

2.6.1.3. pH
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Change in pH can cause transformation in the strectot only of
anthocyanins, but also of other phenolic compouand,possibly the copigment
complex. The pH may predetermine the moleculactires and affinity of the
partners involved in the copigmentation (Houbierd athers 1998; da Silva and
others 2005).

At lower pH, most of the anthocyanins are in thivd flavylium form and
their complex with cofactors shows only a sligtglyserved hyperchromic shift along
with the typical bathochromic shift (Brouillard anthers 1997; da Silva and others
2005).

At higher pH, a large proportion of the anthocyarane in the colorless
hemiketal form that transforms into the coloredylaum cation/quinonoidal base
system by complexing with the cofactors, and ymgddsignificant hyperchromic and
bathochromic shifts (Brouillard and others 1997 Silsa and others 2005).
Copigmentation establishes another equilibratidwéen colorless and colored
anthocyanins at higher pH in favor of the coloredrf. The form of cofactors such as
phenolic acids also changes with pH change acoptditheir dissociation pKa, thus
showing various manifestation of copigmentation ttuthe actual dissociated forms
of the cofactor at different pH conditions (Reirdafeinonen 2004; da Silva and
others 2005). In addition, the colorless form ahaeyanin molecule such as Z-
chalcone can also complex with cofactors (DanghesEhajji 1994) or associate with
the flavylium colored form at high anthocyanin centration (Houbiers and others
1998). At relatively high pigment/cofactor molatios, flavylium—cofactor will be
favored as the complex has high binding forces {Demand Elhajji 1994). The Z-
chalcone — cofactor is easier to form at a loworafipigment/cofactor, but the
complexation is not strong enough to cause los®lofr in the colored forms (Dangles
and Elhajji 1994).

2.6.1.4. Various molecular-stacking types
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Wigand and others (1992) investigated moleculavaaton by use ofH
NMR spectroscopy between gallic acid and a flawglichloride, and found that all
anthocyanin protons are shifted up-field in thesprece of gallic acid. This
observation proved that anthocyanins experiencentigmetic ring-current effects of
gallic acid, and is evidence for the vertical stagkof pigment and cofactor
(Brouillard and others 1997). Some dimer or oligoudactor esters of gallate, such
as galloyl ester of D-glucose (tannic acid or etitamin) (Mistry and others 1991) or
dimer procyanidin B2-3"-O-gallate (Berke and deitae2005) also have an ability to
form a pocket that contains anthocyanins (Figu®g, vhich enhances its
effectiveness of copigmentation.

Unlike intermolecular copigmentation, which occbetween anthocyanin and
other different molecules, intramolecular copignagéion can only be found for those
acylated anthocyanins possessing at least onetoofasidual in their structure,
commonly a cinnamic acid (Figure 2.10) (Giusti &vcblstad 2003). Yet, at the
molecular level, the characteristics of both pheaoanare similar (Jackman and Smith
1996). Acylated anthocyanins are found mostly aw#rs and some vegetables such
as red radish (Giusti and others 1998), red cahlaek carrot (Stintzing and others
2002), red-fleshed potato (Rodriguez-Saona and®t#99), and purple yam
(Yoshida and others 1991), but not in fruits; aoeption is that acylated
anthocyanins, in comparatively low concentrati@rs,found in some berries such as
grapes. No artificial acylated anthocyanins havenldenown to be created during
processing. Thus, in spite of their potential use@orants (Giusti and Wrolstad
2003), further discussion on this type of anthoaysuwith respect to pear fruit will
not be done here. At high milli-Molar concentraspanthocyanins can vertically
stack together in a manner similar to copigmentatichich is called self-association
(Hoshino and others 1982) and protects the antmicyeom hydration. The
phenomenon is likely to happen omiyvivo as the pigments are likely to be diluted
during processing.
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2.6.1.5. Attractive forces

Although the effectiveness of a co-pigment is haddeto be related to its
planarity and the potential surface area avail&dépi-pi” stacking (Figure 2.11),
other attractive forces between different pi systeme important (Mistry and others
1991). Multiple attractive interactions betweerspstems have been rationalized for
the existence of molecular association, and thetgureof what the major attractive
interactions influence complex stability has be@omtroversial issue. The association
in anthocyanin copigmentation is commonly beliet@e initially driven by
hydrophobic effects in aqueous solution (Brouillardl others 1991; Mistry and
others 1991). Water molecules solvating the aransatiface have a higher energy
than bulk water, resulting in face-to-face stackiBgpuillard and others 1997) of the
aromatic surfaces, which reduces the total sudaea exposed to the solvent (Hoeben
and others 2005). However, the hydrophobicity efahthocyanin cation and/or the
cofactor could not be explained from the equilibridonstants of complex formation
and the resulting copigmentation effect (da Silnd athers 2005). Hunter and
Sanders (1990) developed a practical modeid#minteractions, which is entirely
electrostatic. Recently, Sinnokrot and Sherrillq2Pstudied the effects of various
substitutions of aromatic ring on molecular assommeand indicated that electrostatic,
dispersion, induction, and exchange-repulsion dmutions should all be significant to
the overall binding energies mrtinteractions; all but induction are important in
determining relative energies. Da Silva and otl2095) studied charge transfer from
the cofactor to the anthocyanin and found thatiifference between the electron
affinity of the anthocyanin and the ionization putel of the cofactor is useful to
predict the copigmentation strength. Nevertheldssiter and Sanders (1990) stated
that charge-transfer transitions observed for suchplexes are a consequence, not a
cause of therrtinteraction. The involved interactions are belgtt@ be weak and
exothermic, which explains the loss of the copigtagon effects found at high
temperature (Brouillard and others 1989; Bakowsicdahers 2003).
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2.6.1.6. Effect of temperature on copigmentation imetaining anthocyanin during
thermal process

In cases where processing is done with no or minirsa of heat, such as
winery operations, copigmentation is believed tmfgigment extraction by
modifying the equilibrium between different formsamthocyanins and stabilizing the
pigments. Copigmentation can be responsible faird of the color of aged wine
(Darias-Martin and others 2007). The color of bguiges with added phenolic acids
were found to be enhanced during storage compaitbdive control with no cofactor
fortification (Rein and Heinonen 2004). New compdsican also form during
storage, as has been shown for both juice (ReirHambnen 2004) and wine. In the
latter case, results have shown that anthocyamites &1 chemical transformation (de
Freitas and Mateus 2006) and copigmentation cavige@n initial step in the
formation of new stable pigments (Brouillard anchDies 1994). High temperature,
however, is known to diminish the copigmentatioieets (Brouillard and others
1989) and displace colored forms with unstable ®tnat are prone to degradation
under high temperature conditions. Thus, copignemtdy itself would not be
expected to be effective in retaining anthocyamngments during thermal processing

such as in canning fruits.

2.6.2. Metallo-anthocyanins complexation

It has been known that metal ions can interact waitthhocyanins bearinmg
substituted hydroxyl groups. With the presenceoféictors, metal ions are reported to
strengthen copigmentation (Dangles and others 189d)in some cases, the
copigmentation may only occur in the presence daimens (Jurd and Asen 1966).
Since not much work has been done on the influehogetal ions on the color of
fruits, many of the phenomena are mostly intergréEsed on the observation made
on flower pigments. In protocyanin, a stable blamplex pigment from the blue
cornflower, F&%, Mg*?, and C& ions located in the center of the molecule and

surrounded by two other components (cyanidin aabfhe) which are self-associated
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and stacked in a intermolecular interaction (Figue) (Shiono and others 2005;
Takeda and others 2005). Changes in the conceamtraticalcium in solution can
affect the yield of formed protocyanin (Takeda 2006 another example, the
formation of commenilin, a pigment from the blueviiers ofCommelina communis
requires a delphinidin, a flavonoid, and Mgnd K. Even though the Mg ion is
replaceable by various metal ions such a$Mao™?, Ni*?, Zn™, or Cd?(Takeda
1977), the stability of the pigment in acidic emviment will be modified (Takeda
2006). On the formation of metallo-anthocyaninywkme and strict molecular
recognition, including chiral molecular recognitjatcurs (Ellestad 2006)he length
and nature of the sugar moiety are critical factorghe formation of the metallo-
anthocyanin (Takeda 2006), while the metal cootehnasites in the center of its
structure serves as a template for the assemlthegiigment (Ellestad 2006). Thus,
unlike copigmentation where the nature of sugachtd to the molecule is not
important and hydrogen bonding is often negligikie, chelation of anthocyanin and
cofactors, molecular stacking between the systems, and hydrogen bonding
between the chiral sugars are all important fadtothis type of pigmentation
(Ellestad 2006). In these flower pigments, anthagyaare believed to be in the
colored quinonoidal form (Takeda 2006) and stroroglynd to metal cations
(Brouillard and others 1997).

Elhabiri et al. (1997) studied the complexatioralfiminum with anthocyanin
and reported that at a low pH of 2-3, the anthocyanmostly in the flavylium form
and little metallo-complexation occurs. At highét,@luminum chelates with
anthocyanin which is now in quinonoidal form (Fig.13) (Elhabiri and others
1997). The complexation is in competition with hgiilon. In the presence of phenolic
acids, Al is believed to conjugate with the dihydroxyl oe #mthocyanin and the
hydroxyl group of the quinic acid moiety, with tresult that the complex is stabilized
in a manner similar to that of acylated anthocyammnhydrangea flowers (Takeda and
others 1990).



25

In actual food systems such as raspberry juice pmxation is believed to
occur between metal ion, anthocyanin and anothienawn molecule, not with
anthocyanin alone (Coffey and others 1981). In nmogstigations on fruit skin
discoloration, metallic effects are believed tcabsause of discoloration (Cheng and
Crisosto 1994). This "inking" effect may be fromeractions between metal ions and
various phenols (Cheng and Crisosto 1997). In $teawy juice with its low cyanidin
glycoside content, the red color generated fromamehs may be from reaction of
certain metal ions with unidentified phenols, whark believed unrelated to
anthocyanin (Wrolstad and Erlandson 1973). Sinegies on the impact of metallic
ions on fruit color have not been extensively itigeged, two key unanswered
guestions have been raised by Brouillard et aBT)19Which metal ions are capable
of increasing the cofactor effects? What are thegmunds accompanying the

anthocyanin that can stabilize the pigment?

2.6.3. Chemically transformed anthocyanin in the pesence of other phenolics
and reactive compounds

Another way to preserve pigmented anthocyanins cheémically transform
the pigments into more stable chromophores (Fuiteard others 2006). As the pH of
fruit products is normally in the acidic range, thatid-catalyzed reactions between
electrophile and nucleophile can occur when pheadtom the cells are mixed with
each other as well as with those compounds formeidgl processing or added to the

system.

2.6.3.1. Electrophilic and nucleophilic reactivityof fruit phenolics

A hydroxyl group on the aromatic system directsdleetrons tm- andp-
substituted positions (Figure 2.14) which can leadlectrophilic aromatic
substitutions found in phenols. The presence efcarsd or third hydroxyl activates
even more phenol reactivity such as in the casesiwrcinol and phloroglucinol

(Figure 2.15). Galllic acid possesses an enhaneetivity toward electrophilic
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aromatic substitution compared to phenol (Garrov€@abnd Riedl 1997). The A-ring
shared by pear flavonoids is a phloroglucinol tgpacture possessing two electron-
rich sites that can participate in electrophilibstitution reactions. Anthocyanins have
several reactive sites that can participate in letghtrophilic and nucleophilic
substitutions. Anthocyanins can undergo nucleophitiack on C-2 and C-4 of the
flavylium form, or react with electrophilic groups C-6 and C-8 of the hydrated form
(de Freitas and Mateus 2006) (Figure 2ib®)e transformed into pigmented and non-
pigmented higher molecular weight polyphenols.

2.6.3.2. Case studies in wine and berry juice

The formation of these compounds has first and tasbughly been studied
in wines (de Freitas and Mateus 2006). The ferntiemtg@rocess in wine making
promotes the formation of covalent bonds betweéhcayanins and phenolics, which
are thought to be brought to a proximity thanksdpigmentation (Brouillard and
Dangles 1994). Acetaldehyde bridging can acceléhsgaeaction. In a recent study,
Rein et al. (Rein and others 2005) added phenoidsdo berry juices and identified
stable anthocyanin derivatives that were formedhdustorage. Reactions of this type
were reported to take place over a significant fomeod (Morata and others 2006).
There are bathochromic or hypsochromic effects ni@ipg on the structural change of
the chromophore moiety (de Freitas and Mateus 200@se compounds form
condensation products together with oxidation erajerprocesses may explain the
changes in color and anthocyanin reactivity duagmg of red wine (Brouillard and
Dangles 1994; Monagas and others 2005; Fulcrandtuais 2006).

In model wine solutions there are at least six tified types of reaction
involving the interaction of anthocyanins with pben(Timberlake and Bridle 1976).
1) Reactions between anthocyanins and phenolicsfigan
2) Transformations of phenolics alone
3) Degradations of anthocyanins alone

4) Reactions between anthocyanins and acetaldehyde
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5) Reactions between anthocyanins, acetaldehydelamblics/tannins
6) Reactions between phenolics and acetaldehyde.

Catalyzed by the fruit's acidity, the nucleophéesl electrophiles react to form
a multitude of compounds. It is likely that alltbese reactions occur to some extent
in fruit processing such as in winemaking. The ltesyipigments have been revealed
to be formed either from anthocyanins and smatitrea compounds, or between
anthocyanins and flavanols in the presence or absafraldehydes (de Freitas and
Mateus 2006) or between anthocyanins and anthatygAtanasova and others
2002).

Anthocyanins (A) could react both as nucleophiles @lectrophiles in wine to
form direct covalent bonds between themselves tir flavanols (F) (Fulcrand and
others 2004; Duenas and others 2006) (Figure 2ZThé direct reactions between a
flavanol as an electrophile (F-) and an anthoycasia nucleophile (A+) are strongly
related to pH as F-A+ is obtained at pH 2.0 andFAat-pH 3.8 (Fulcrand and others
2006). The reactions between anthocyanins and enmatllecular weight molecules
(mono-, oligomer) predominate more than those \aiter molecules
(proanthocyanidin) (Remy and others 2000). Tempegats another determining
factor of the reaction (Fulcrand and others 20@8)ken flavanol di-, tri-, or
tetramers react with anthocyanins at pH 3 andgit temperature, only A+-F was
found (Malien-Aubert and others 2002). Anthocyatannin compounds are known to
be unstable in acidic condition, and anthocyanmlmareleased (Kennedy and
Hayasaka 2004).

Pyranoanthocyanins resistant to bisulfite bleackengbe formed by reaction
between anthocyanins and small compounds suchragipwycid and acetaldehyde
(Morata and others 2006), or phenolic acids sudieradic acid and sinapic acid (Rein
and others 2005) (Figure 2.18).

Reactions between anthocyanins and flavanols canba mediated by
aldehydes, giving rise to various types of pigmetsh as anthocyanin-alkyl-flavanol
pigments (Pissarra and others 2004) (Figure 2@®anoanthcyanin-flavanol
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pigments (de Freitas and Mateus 2004) (Figure 21i8yl-pyranoanthocyanin-
flavanol pigments, or portisins (Figure 2.20). Btlams between anthocyanins and
aldehydes such as acetaldehyde in wine model sp&utian also yield
dimeranthocyanins in the absence of flavanols (€@u21). It has been known that an
aldehyde such as acetaldehyde produced from alchinimlg wine fermentation, can
act as a strong electrophile in acidic conditiod aambine with tannin. The resulting
alcohol product can undergo dehydration, formingngl compound that combines
with an anthocyanin to create a secondary brickpigohent. By mediation of
aldehyde, the condensation between phenolics pilecen faster rate than the direct
condensation (Monagas and others 2005). Howeusyl, letidged anthocyanin-
proanthocyanidin products are believed to be utestaid readily converted to other
pigmented materials (Kennedy and Hayasaka 2004) r@ction is pH dependent and
a lower pH will lead to the formation of higher anmbés of new pigments in a shorter
time (Pissarra and others 2003). In comparing varaddehydes, researchers found
that steric hindrance should be the major factfiw@mcing the reactivity of the
different aldehydes with anthocyanin and catecRaqarra and others 2003). In
conditions of excess aldehyde, the amount of pigetepolymer formation is

believed to be much higher than when aldehydeugwmajar with anthocyanin and
catechin (Baranowski and Nagel 1983).

Compared to direct condensation, the condensat@etion mediated by
aldehyde proceeds at a higher rate and cause$ aéggee of polymerization that will
eventually precipitate (Monagas and others 200By.extheless, all reactions proceed
slowly over a time span of weeks, months, or evaaryto yield a significant amount
of reaction products under normal processing amgée conditions (pH and
temperature).

In general, reactions are expected to be pH dep¢ngecause the
electrophilic and nucleophilic characters of théhanyanins and phenolics, such as
flavanols, are strongly related to pH (Duenas ahérs 2006)Formation of

pyranoanthocyanins and flavanyl-pyranoanthocyaaiadacilitated by lower pH
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(Fulcrand and others 2004). Transformed anthocgamave higher stability toward
pH change than anthocyanins (de Freitas and Ma@@B) as the structure of
pyranoanthocyanin protects them from hydratiorhef@-ring. This later compound is
also resistant to bisulfite bleaching since thep@dition is no longer available for
bisulfite attack (Figure 2.18).

The interactions between phenolics and tanningesult in polymerization
and large macromolecules that are able to formuatsire to host and stabilize
anthocyanins through an embedment mechanism tpatsented in a separate

section.

2.6.4. Phenolic condensation of tannins, and phemnts mediated by aldehyde and
catalyzed by metal ions

Aldehydes have been known to crosslink phenoliconuers, and the repeated
condensations should produce large polymers or avesin. Tannins, including
condensed tannins and hydrolysable tannins whiglplagnolic in nature, should
undergo a similar catalytic reaction with formalgeé and smaller phenols (Pizzi
1979b), which leads to the formation of polymerat lre well studied in non-food

areas such as wood adhesive science.

2.6.4.1. Phenolic condensation

The mechanism of the reaction is a Friedel-Crafte-treaction (Fulcrand and
others 2006) in which formaldehyde or other aldehydder acid conditions will first
be protonated and thus become a strong electrofilee presence of nucleophilic
phenolics, the substitution will proceed slowlythe case of small phenolics and
flavonol monomer, aldehyde can thus mediate thadtion of various oligomers as
presented ifrigure 2.23. As seen with the low stability of ffreducts of reaction
between anthocyanin and flavanols mediated by gtielproducts first formed from
the aldehyde-mediated flavanol-flavanol interadianderwent decomposition and
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recombination, giving various bridged oligomers-&afi and others 1999). Repeated

reactions will form high-molecular-weight polyméhat precipitate.

2.6.4.2. Three dimension structures

For large molecules such as hydrolysable (gallotgror condensed tannins
(proanthocyanin), protonated aldehyde can inittatss-linking and condensation of
the phenolics depending on the reaction conditibnease of gallotannin,
formaldehyde reaction at tlee position of a sufficiently large number of gallatiéd
rings of tannin, would form a three dimensionalisture (crosslinking) (Ozacar and
others 2006). For condensed tannins, however, Beaztheir large size and shape,
the tannin molecules become immobile at a low le¥eondensation with
formaldehyde (Pizzi 1979b). Without the presencmetlium size reactive phenolic
molecules that can join these large size molecthey, are too far apart for further
methylene bridge formation. The polymerization ofdensed tannins is thus
incomplete and weak (Pizzi 1979b). Fortificatiorcopolymerization of the tannins
with various phenolics is a method of obtaininggencross linking agents to

overcome the problem (Pizzi 1983).

2.6.4.3. Roles of alcohols, metal ions, and acids

The process of phenolic condensation mediateddshgbes can be controlled
by addition of alcohols to the system. Under thasalitions, some of the
formaldehyde is stabilized by the formation of haoeitals if methanol is used (Figure
2.22). This ensures that less formaldehyde is Makd when the reactants reach
curing temperature (Pizzi 1983).

Many authors have emphasized the role of acidicghtlitions in promoting
the condensation reactions. Pizzi (1979b), howeepgrted the use of metal ions to
both increase the crosslinking, hence an increatieei size of the polymers and the
rate of the reaction. The author has stated thdewhe B-rings of flavanoids do not

normally participate in the reaction with formalgek except at high pH values, the
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addition of metal ions to the reaction mixture iodsi the B-ring to react with
formaldehyde at low pH. All di- and tri- valent raét can act to different degrees, as
accelerators of the reactions (Pizzi 1979b). Chgas the most likely mechanism
that involves the primary formation of a metal/f@aaehyde complex in the presence
of a phenol (Figure 2.23) (Pizzi 1979a). The metal$iot change their valence state
and catalyze the reactions in a manner similaytivdgen ions except for the fact that
the effect is much stronger than that of hydrogers ibecause of their higher charge
and greater covalence (Pizzi 1979a). In the casanwins, Pizzi (1979b) found that
the quantities of metal ions and formaldehyde presevould dictate the magnitude of

cross-linking.

2.6.5. Stabilization of anthocyanins by embedmenticorporation

Anthocyanins have been reported to be stabilizeithddysion with host
materials that are able to present an acidic enment (Kohno and others 2007).
These hosts can be aggregates of alginate anad elcibbermann and others 2006),
amphiphilic molecules such as negative micellesoofium dodecylsulphate (SDS)
(Lima and others 2002), or a solid matrix of clagson exchange materials (Kohno
and others 2007). Until today, only a few studiagehbeen done to verify the ability
of micellar systems to stabilize anthocyanins (Maitici and others 2001).

Alginate and pectin are believed to have the gtititelectrostatically interact
with the anthocyanin flavylium cations through thaéissociated carboxylic groups
(Hubbermann and others 2006). Due to this assoniatthocyanins may be protected
from water attack, which leads in turn to colobdiaation (Hubbermann and others
2006). In fact, based on studies made on SDS agg®d.ima and others (year) have
proved that the incorporation of anthocyanins ogatige micelles of SDS resulted in
a preferential stabilization of the cationic forfmamthocyanin with respect to the
neutral base, causing changes in the two key egailihat affect color, deprotonation
and hydration (Lima and others 2002). The numbevaflable negative charges and

the presence of an organized distribution of thgahiee charges on the micellar
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surface appear to be necessary conditions to ackievanthocyanins’ stability and
color retention (Mulinacci and others 2001).

Corn starch has been reported to have some positeets on anthocyanin
stability (Hubbermann and others 2006), but thehmasm has not been revealed.
Dangles et al. (1992), however, described the tadifects of cyclodextrins which are
known to have the ability to produce inclusion céemps with anthocyanins. The
starch was proposed to catalyze the slow chalcefiésBmerization and to include
the compound while desolvating it.

In summary, as anthocyanins exist as various structures dglgles, acylated
glycosides, etc.) and in different forms (flavyliuhemiketals, chalcones) together
with other organic compounds (e.g. monomers, dinard polymers of flavonoids,
polysaccharidess, proteins) and possibly with meted as well in food systems and
in nature, the color of natural products and angaom-rich foods involves different
mechanisms that stabilize the original anthocyaamsodify the pigments to make
them more stable. In red pear peels, the nativeoaganins do not possess an acylated
structure, thus are unstable when exposed to pimcg®specially thermal processing
conditions. The possible mechanisms to protecattieocyanins in processed pear
peels from degradation are as follows.

Firstly, the pigments may be stabilized through-nowalent interactions to
form supra-molecular pigments through self-assmsiatf anthocyanins, association
of anthocyanins with other simple phenolics, oratletanthocyanins complexation
such as commelinin. These association and comjpbexphenomena, however, will
be nullified at high processing temperatures. Sélgpanthoycanins can be
incorporated in aggregates of amphiphilic moleculdéss much less well known
stabilization strategy is similar to the previotrategy which relies on the formation
of molecular complexes capable of inhibiting ordering the nucleophilic attack of
water on the flavylium cation, thereby stabilizitng pigments. There are no such

effective structures found in the natural pear paeld there have been no existing
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methods developed for processed fruits. Thirdlieative stabilization might be
obtained by structural changes of anthocyaninsutitrdormation of covalent bonding
between anthocyanins and other phenolics or orgamgpounds. This chemical
transformation of anthocyanins has been extensatelyied over the last century in
order to understand wine color evolution. Howetee, process is known to be very
slow, and the use of catalysts such as those desdn resin formation in wood
science literature should be considered. A fouassbility is to apply metallo-
complexation to precipitate and stabilize coloaisimilar manner to that which
occurs with flower pigments. Alternatively, the sibn to color stabilization of pear

anthocyanins may lie in various combinations ofdheve four mechanisms.
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Table 2.1 - Distribution of cell layers containinganthocyanins in red pear
varieties

Estimated %

Vari Nonpigmented Cell Ia}y_ers of surface Estimated
ariety containing . : )

cell layers . with red intensity

anthocyanins
color

Seckel 1-2 4-7 20-40 Medium-high
Anjou 1-2 1-4 10-20 Low
Max-Red Bartlett 2-3 2-7 60-80 Medium-high
Rosi-Red Bartlett 1-2 3-4 70-80 Low-medium
Red Bartlett, 3 3-4 70-80 Medium-high
P.l1. 258948
Starkrimson - All epidermal 99 Very high

cells

Modified from Dayton (1966)

Table 2.2 - Concentration of Chlorophylls a, b, Phaphytins a, b and
Pyropheophytins a, b in fresh, blanched and heatespinach processed at 12%C
for various times.

(mg/gdry Chloro- Chloro- Pheophy- Pheophy- Pyrophe- Pyrophe-
weight) phyll a phyll b tinb tinb ophytin b ophytin a

Fresh 6.98 2.49

Blanched 6.78 2.49
Processed
2 min 5.72 2.46 1.36 0.13
4 4.59 2.21 2.20 0.29 0.12
30 0.24 2.45 0.66 1.74 0.57
60 1.01 0.32 3.62 1.24

Modified from Von Elbe and Schwartz (1990)
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Table 2.3 - Structures of apigeninidin at pH value®f 7 or lower
Structure pH range Structure pH range

b o - € & e
= O / 3-6 = Oj O 5.7

ot
B HOOH 2-7
. OH (0]

a) Flavylium cation AFl b) Neutral quinonoidal bases A; c) ionized quiridabbases

A’; d) Hemiactal e) Open neutral species d) retrocin@¢® f) retrochalcone £
Modified from Brouillard (1994)
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Figure 2.1 - Chemical structure of porphin and chloophylls.
Modified from von Elbe and Schwartz (1996)

Palisade cells on the leaf’s upper
surface, crowded on end receive

Trausparent waxy layer admits direct rays from the sun.

sunlignt while preveiting evaporation
of water from leaf cells.

Minute structures call plastids
contain chlorophyll (green)

rotenoid pigments
(yellow and orange)
are also found in
plastids.

Anthocyanin pigments

(reds and purples)

occur in the sap cells.
Figure 2.2 - Cross-section of the exterior part o leaf showing the distribution of
the three major pigments in a plant.

Modified from the internet source http://www.vtfprg/resource/foliage/chgcolor.htm
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Figure 2.3 - Chlorophylls are embedded in the celihloroplast system
(From http://www.ualr.edu/botany/chlorophyll.jpg)
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—— Spinach extract (chlorophyll)

— 7 Acid added spinach extract (pheophytin)
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Figure 2.4 - Visual light absorption spectra of spiach extract of chlorophyll a
and b and pheophytin a and b.
Modified from Wrolstad (2000b)



Chlorophyll
! R= CH, Chlorophyll a
R= CHO Chlorophvll b

Pheophytin
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Figure 2.5 - Consecutive degradation of chlorophydl by heat
Modified from von Elbe and Schwartz (1996)
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Figure 2.6 - Degradation of chlorophyll and formaton of Zn derivatives during
heat process.
Modified from von Elbe and Schwartz (1996)



Aglycon R, R, Color
Pelargonidin H H Orange
Cyanidin OH H  Orange-Red
Peonidin OMe H Orange-Red
Delphinidin OH OH Red
Petunidin OMe OH Red
Malvidin OMe OMe Bluish-red

Figure 2.7 - Major anthocyanins in fruits and vegedbles
Modified from Giusti and Wrolstad (2003)
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Figure 2.8 - Structural schemes of anthocyanin-phatic and anthocyanin-
anthocyanin association
Modified from Jackman and Smith (1996)

/-—-—— Anthocyanin
o

™~

Galloyl ester

Tannic Acid

Figure 2.9 - Graphic description of a pocket formedy tannic acid enclosing
anthocyanin
Modified from Mistry et al. (1991)



50

Stacking of monoacylated Pigments Intramolecular stacking (diacylations)
Anthocyanin glycoside Acylating group Sugar

Figure 2.10 - Configuration and stacking of acylatd anthocyanins
Modified from Giusti and Wrolstad (2003)



Flavonols

Hydroxycinnamovl esters

Galloyl esters

Figure 2.11 - Overlaprem of anthocyanin with flavanol and phenolic acids.
Modified from Mistry et al. (1991)
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Figure 2.12 - Crystal structure of protocyanin in Hue flower. a, side view of the
whole structure. Blue, anthocyanin; yellow: flavonegglycoside; red spheres: F&;
green spheres: M§"; black spheres: C&". b, side views of stacking pigments
pairs. Left: one anthocyanin molecule binds F& while the other binds M¢*;
centre: two flavones each bind to one G% right: flavone and anthocyanin
molecules bind to C&" and Mg?*, respectively. Source: Shiono et al. (2005)

b ® ’%"g",rl-f’t

Figure 2.13 - Aluminium complexation with cyanidin3-glucoside.
Modified from Danlges et al. (1994)

‘OH
&

Figure 2.14 - Activating effects in phenol.
Modified from Fulcrand et al. (2006)
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Figure 2.15 - Activating effects in 1. phenol, 2.asorcinol, 3. phloroglucinol, and
4. gallic acid under the electron displacement etts of the phenol group.
Modified from Garrol et al. (1997)

EI® 1

Q o
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Figure 2.16 - Main reaction positions on anthocyami. Nu: sites can be under
nucleophilic attack (the anthocyanin is in its flaylium form) ; El *: sites can be
under electrophilic attack (the anthocyanin is in is hemiacetal form).

Modified from Freitas et al. (2006)
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Figure 2.17 - Transformed anthocyanins from directeactions between
Anthocyanin (A+) and Flavanol (F) to form A+-F or A+ type pigments.
Modified from Fulcrand et al. (2004)

Anthocyanin

Vinyl phenol (R = phenol)

Acetaldehyde (R =H) P

Pyruvic actd (R= COOH)

Vinyl-flavanol (R = flavanol) R Pyroanthocyanin

+ + + o+ o+

Ferulic acid (R= 4-hydroxy-3-methoxyphenyl)

Figure 2.18 — Transformed-anthocyanin forms from ractions with small
compounds.
Modified from Fulcrand et al. (2004)
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“SoH + (epi)catechin —>
Activated Acetaldehyde

Where R = CH3

Figure 2.19 - Reaction of glyceraldehydes with catbin and epicatechin and

malvidin in acidic media.
Modified from Laurie and Waterhouse (2006)

-HCO,H
—

VinylpyranoMv-catechin

8-vinyl-flavanol adduct

Figure 2.20 - Formation of pyroanthocyanin (portisn or vinylpyranoMv-
catechin) from the reaction between anthocyanin (M&idin)-pyruvic acid
adducts and flavanols mediated by acetaldehyde.

Modified from De Freitas and Mateus (2006)
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Doubly charged 1on Hydrated form - cationic moiety

Figure 2.21 —Structure of methyl methane-linked arttocyanin (Malvidin) dimers.
Modified from Atanasova2002

i H @l HOCH, -H I
i C/GEH #H C‘KG\“H‘-__—“* HSC—'LF—H o H3C—?—H
“ > HOCH, X/ OCH,

Y.
A Hemdscetal

Figure 2.22 — Formation of a hemiacetal from the adition of a methanol to a
formaldehyde.
Modified from Pizzi (1983)
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OH
OH
M"Y+ Q @ HO-0,
@ ) Mpz

Figure 2.23 - Electrophillic substitution reactionmediated by aldehyde and
divalent metal ion.
Modified from Pizzi (1979a)
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3.1. Abstract

The interest in developing peels-on thermally pssed (canned) green pears
has prompted the investigation of retaining gregmpnts during thermal processes.
Use of zinc ions as a processing aid for the retemtf green pigment and surface
pretreatment to remove waxy layer and a part ofdpecuticle layer of the peels for
enhancing reactions of zinc ions with chlorophyllpeel tissues were studied. Whole
pears or pear chunks were subjected to zinc tredatduging presoaking in 5,200 ppm
Zn** solutions for 60 min, or blanching at 8@ for 6, 12, and 18 min in a 1,300,
2,600, or 5,200 ppm Zfisolution for identifying the most appropriate prdaees for
retaining green peel pigments. Pears were themtibrprocessed in glass jars at 94
°C for 20 min following commercial canning practic€anned pears were subjected
to a shelf-life test in rooms set at 10, 21, and@8&nder fluorescent light. CIELAB
L*, a*, and b* color values of pear samples werenitayed during storage up to 35
weeks. Results showed that surface pretreatmessential for ensuring the reactions
of zinc ions with green pigments, thus retainingegr pigment during thermal
treatment. Blanching pears in zinc solution coritgjrabout 1,300 ppm Zfiwas
effective in obtaining attractive green coloredrash pears. Hue angle and -a*
(greenness) values of canned pears were signilfjodt0.05) associated with
blanching time and zinc concentration in blanchenotytions, and remained stable
over 19 weeks of storage under intensive illumoratt all three temperatures. The
technology used zinc ions as a processing aid,digmsficantly minimizing the zinc

content in the final processed pears.
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3.2. Introduction

Thermal processing of green fruits and vegetabites oesults in a shift of
attractive green color to yellow olive due to sagisd and irreversible degradation of
chlorophylls in aqueous solution (von Elbe and Saitizv1996). Initially, the
magnesium atom in the chlorophyll is displaced pgrbgen ions, forming
pheophytins. Prolonged heating in commercial statibn causes subsequent
decarbomethoxylation of pheophytins to form pyraygtestins (LaBorde and von
Elbe 1994a; von Elbe and Schwartz 1996; Weemaestaeds 1999). The olive-
brown pheophytins and pyropheophytins are the pngsnesually shown on heated
green fruits and vegetables (von Elbe and Schvi&%5).

Several techniques have been investigated andplieddor helping retain
green pigments in thermally processed (cannedsfand vegetables. These include
using high temperature and short time, adding &likej agents in canning solutions,
and blanching prior to the canning process (voreBld Schwartz 1996). Formation
of green derivatives of chlorophyll, such as chirglides, through enzymatic
conversion has also been proposed (von Elbe ana&tzh1996). While these
methods have been reported to retain green coloeniately after treatment or
within a short storage time, the green pigmentsiastable during long periods of
storage (LaBorde and von Elbe 1994a; von Elbe ahav&rtz 1996). Moreover, some
treatments cause tissue softening and flavor chianitpe product (von Elbe and
Schwartz 1996).

Application of Zrf* or CU* during thermal processing of green vegetables,
such as green beans, peas, and spinach, has pefisedve green pigments
throughout processing and storage (Leake and o182, von Elbe and Schwartz
1996; Theuer and Richard 2001). The principle of thethod is based on the
reactions between Mg-free chlorophyll derivativeas;h as pheophytin or
pyropheophytins, and zinc or copper ions. It hanldeund that the two hydrogen
atoms within the tetrapyrrole nucleus of these ipbyll derivatives are easily

displaced by zinc or copper ions. Further heatiggases the zinc pyropheophytin
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concentration at the expense of a decrease imphi@cphytin (von Elbe and Schwartz
1996). The formation of the metallo chlorophyll idative complexes depends on
Zn** concentration, chlorophyll concentration, and ptugaof product (von Elbe and
Schwartz 1996). For example, in spinach purees,@mplex formation does not
occur in purees containing less than 25 ppri Z&ron Elbe and Schwartz 1996). The
yielded zinc complex concentration is also propori to the chlorophyll
concentration in the vegetables (LaBorde and vée EB90). In respect to pH, zinc
complex formation increases in purees with a pkivbet 4.0 and 6.0, but decreases at
pH value of 8.0 or greater (LaBorde and von Elb2418 and b). The newly formed
pigments are very similar to chlorophylls in colbut much more thermally resistant
and stable in a low-pH environment than the chlbydip (Tonucci and von Elbe
1992; von Elbe and Schwartz 1996). LaBorde andBEibe (1996) proposed a
technology to improve color quality of green bebgpdlanching the vegetables with
an aqueous solution containing zinc ions and tteakipg them into a container with
an aqueous packing solution. This technology wpsrted to precisely control the
amount of zinc present in the final products.

For nutritional and aesthetic reasons, it is dbtérto prepare color-stabilized
thermally processed peels-on green pears. Unfddlynghe heat in thermal
processing results in many changes to the physiahcteristic of the pears. The
chlorophyll found in the skin of green pears tuonswn when heated. The resultant
olive color is much less desirable than the brggieen of fresh pears. As a
consequence, pears are normally peeled prior tonigrocessing leaving the
familiar yellow or tan or white product usually asgted with canned or bottled
pears. Many nutritional constituents such as phesmare concentrated in the peels,
thus retaining fruit with peels-on is nutritionaltyore beneficial to consumers than
consumption of peeled fruit.

There has been no published research or patenkte@pplication of zinc ions
to retain green color of thermally processed gffiegih Due to different nature and

surface characteristics of pears from green peas)d) or other green vegetables, the
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current technology that works for green vegetabiag not simply directly applied to
green pears. This study was driven by the nee@w#ldping a new value-added pear
product: ready-to-eat, thermally processed “pealseolor-stabilized green pears
packed in clear glass or plastic packaging to gegadrigher consumer appeal. It was
hypothesized that infusing zinc ions into the peélgreen pears would help to retain
green pigments in the peels during thermal prongsSipecific objectives of this
study were to investigate the use of zinc ions jpaessing aid for retaining green
pigments on the peels of thermally processed goears and to evaluate the color
stability of processed pears during storage usingcaelerated shelf-life test. This
study is expected to help promote production anketimg of packed peels-on green

pears, distinctly different from traditional canngehrs.

3.3. Materials and Methods
3.3.1. Materials

Three varieties of green peaPy(us communid.. Rosaceae), Bartlett,
D’Anjou, and Comice were evaluated in this studyey were either provided by a
local pear grower, the Diamond Fruit Growers, [(@dell, OR, U.S.A.), or purchased
from a local grocery store. Zinc lactate dehydra@id (PURAMEX ZN) was donated
by PURAC America (Lincolnshire, IL, U.S.A.). Ascactacid (99.8% pure) was
purchased from Mallinckrodt Baker, Inc (Paris, KY.S.A.). Granulated cane sugar
was manufactured by the C&H Sugar Company, Inod¢kett, CA, U.S.A)).
Surfactants were Tween 20 (Aldrich Chemical Compa#fijwaukee, WI, U.S.A.)
and Ajax dishwashing liquid (Colgate-Palmolive Canp, NY, U.S.A.).

3.3.2.Sample preparation and surface dewaxing treatment

Whole pears or pear chunks with peels-on were umstds study. To make
chunks, pears were first cut in half lengthwise] #ren carefully cut crosswise into
slices. To prevent browning discoloration of pedusng preparation, the pears were
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immersed in 1% ascorbic acid solution for coring diting into chunks with a
dimension of about 2x2 chin peel area and 1.5 cm in flesh thickness.

For zinc ions to retain green pigments on the péaksessential for zinc ions
to be able to directly react with chlorophylls retpeel tissues. For achieving this, our
preliminary studies found that the surface wax ampart of the top cuticle layer of the
peels need to be removed. Attempts to increaspdimaeability of the peels by
removing the waxy layer through washing or brushugge tested. Washing was
performed by rinsing whole pears under warm tan@&0-65°C) followed by
washing in Tween 20 or Ajax dishwashing liquid simios before rinsing again with
water.

Mechanical means of manually rubbing pear surfagdaife or spraying
whole pears with a beam of sugar grains were gdpbeal. When using a knife, pears
were gently brushed with the edge of a knife invlsical direction until the wax and
a part of skin cuticle were removed and the bagemycell underneath was revealed.
Pretreatment by spraying with sugar beam was dgrsddoting a pear surface with a
continuous beam of sugar grains generated by § gprawith sucking air pressure of
latm (Anderson and Zhao 2005). Treated fruit weenairds immediately immersed

in 1% ascorbic acid solution and diced into chunk&x2x1.5 cm

3.3.3. Zinc treatment

One of the important goals of this study was taitg the optimal procedures
to retain green pigments by infusing zinc ions ipéel tissues of green pears, while
minimizing zinc content in final products. Zinc digption was tested at different
processing stages, including presoaking, blanctagfilling, and canning in
solutions containing 0 to 5,200 ppm®Znin addition, presoaking was evaluated at
atmospheric pressure or under vacuum (vacuum impt&m, VI). In the VI
treatment, samples were immersed iA"Zwolution in a glass jar inside a sealed
desiccator subjected to 100 mm Hg by use of a vaquump (Model 0211 P204; Gast
Mfg. Corporation, Benton Harbor, MI, U.S.A.) for 2@in following the method
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described by Xie and Zhao (2003). In atmospheresgure presoaking, fruits were
immersed in Zfi" solution at room temperature for 60 min.

Our preliminary studies showed that the most @itstage of using zinc for
retaining green pigments in pear peels is duriegilanching process. By properly
controlling Zrf* concentration in blanching solution and contrgjliblanching time,
the green pigments can be successfully retaindteagnd of the canning process. In
this case, zinc ions do not need to be added inicgrsolution, but as a processing aid
during blanching, thus minimizing zinc content e tfinal canned pears.

A two-way completed randomly factorial design watheplications was
conducted to investigate the effect ofZooncentration (1,300, 2,600, and 5,200
ppm) and blanching time (6, 12, and 18 min) on codtention of canned pears.
Surface dewaxed peels-on pear chunks (green Bamiete placed in blanching
solution (94C) containing Zf" (1,300, 2,600, and 5,200 ppm) in wide-mouth 1.9-L
Mason jars (Alltrista Corporation, Muncie, IN, UAS). A 1:2.5 fruit to Zif* solution
ratio (weight base) was applied. The jars wereeseahd put inside a 20-L lab scale
retort (Model 25X; All American, Manitowoc, WI, U.&.) filled with 13 L boiling
water, and heated for 6, 12, or 18 min. The rétasta heater coil at the bottom in
contact with the water to maintain water tempegaround 94 to $&. A mercury
thermometer was used to read water temperatuideitise retort. After blanching, the
jars were cooled under tap water for 30 min to reemperature. Blanched fruit was
then placed inside 235-ml Mason jars (Alltrista @wation, Muncie, IN, U.S.A.)
previously filled with distilled water at 10T (1:1 fruit:water ratio, weight base),
sealed, and heated at @ for 20 min in a Precision water bath (SN 6010230
Jouan Incorporation, Winchester, VA, U.S.A.). Afterating, the jars were
immediately cooled under tap water till reachingnotemperature. Color of the peels
of thermally processed pears was then measureetéonine the effect of zinc

concentration and blanching time.

3.3.4.Zinc measurement
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For measuring zinc content in the final producésyned pears were pureed by
use of a blender and dried in a mechanical cormectven at 80 °C for 4 days and
then grinded into powders. About 0.2 g of driedrgeavder was put into a
fluorocarbon microwave vessel with 2 mi®} (30%) and 2 ml HN@(70%). The
digestion was performed with the vessel cappedhaated using microwave heating
in a discreet flow automated microwave sample pedjmm system (MDS-2000, CEM
Corporation, Matthews, NC, U.S.A.) for 60 min. Afoling, the vessel contents
were adjusted to 10 ml for analysis by InductivElyupled Plasma Optical Emission
Spectrometer (Perkin-Elmer dual view, model 300&I®n, CT, U.S.A.), which
measured characteristic emission spectra by ompedtrometry according to Method
6010B in SW-846 (EPA 2005).

3.3.5.Evaluation of color stability

An accelerated shelf-life study (Labuza 1982) wadiad to evaluate color
stability of the peels-on thermally processed peHne peels-on pear chunks (green
Bartlett) were first dewaxed by gentle manual foctusing a knife, blanched in a
2,600 ppm ZA" solution for 13 min, and consecutively thermalipgessed using the
same conditions as described above. A randomizexk lolesign with 5 sub-samplings
at each sampling time and storage temperature agpli2ations (as blocks) was
adopted. Six randomly selected pear chunks werepan each glass jar and stored
at temperatures of 10 + 3, 21+ 2, or 38 %2in rooms with fluorescent light for 35
weeks. The surface color of the peels was meastriedervals of 4 weeks. The
fluorescent light was used to mimic the effectéigiits used in grocery stores. The
storage rooms were lit with two 610-mm fluoresdegtits (F20T12/Sun GE lighting;
General Electric Company, Nela Park, Cleveland, O.A.) set up at 50 mm above

the samples.

3.3.6.Color measurement
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Objective color measurement was conducted usingradt Lab spectrometer
(Lab Scan II; Hunter Associates Laboratory, Restth, U.S.A.). The instrument
parameters used were a mode of 0/45,°@0&erver, D65 sodium aluminates, a port
size of 0.635 cm, and an area view of 0.635 cm eiamA pear chunk with its peel
facing the light beam was placed on the opening@®ftample port above the light
source and covered with a black box. Color valuesewecorded in terms of CIELAB
L*, a*, and b*. Sample color measurement was pernéat on 3 to 5 chunks of canned
pears per jar. For each measurement, two readiags eonsecutively performed and
mean values were reported. Chroma) @d hue angle fhvalues were calculated by

use of the formula: C= (a* + b?)“? and K= arctan b/a.

3.3.7.Data analysis

The general linear model (GLM) procedure was apghetesting differences
among different treatments and possible interastadrfactors using the SAS
(Statistical Analysis System Institute Inc., Cawg, U.S.A.). Duncan’s multiple-
range test was used for the multiple means congrarf 95% confidence level was

applied for all statistical analyses.

3.4.Results and Discussion
3.4.1. Pretreatment

A processing scheme that successfully retainechgregnent on thermally
processed peels-on pears was developed and isbaekier Figure 3.1. Surface
dewaxing treatment and blanching in zinc ion solutre the most critical steps to
retain green pigment in canned green pears. Hé&me@rocess consists of surface
dewaxing, blanching in zinc ion solution, coolimgd canning (commercial
sterilization). Pretreatment to remove the suriaagy layer and a part of the cuticle
layer on the peels of the pears is essential feuremg the reaction of zinc ions with
chlorophylls in peel tissues for retaining the greggment during the thermal process.
Figure 3.2 shows canned pears presoaked (vacuunegmated) in 5,200 ppm Zh
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solution with or without surface dewaxing treatmietore thermal processing. The
pears without surface dewaxing (“1” in Figure 3inhed brown after canning, while
the dewaxed sample canned in water (“2” in Figugy Btained some degree of
green. In contrast, the number “3” pear, canne2{600 ppm Zf" solution has an
attractive green color, confirming an effectivefasion of zinc ions into the peels
once the surface waxy layer was removed. It iketl that the outer waxy and
cuticle layers on the surface are not only the miagoriers preventing zinc ions from
penetrating into and locating on the peel tissGes@nherr 2001; Schreiber 2005), but
also limited oxygen escape from the pores of thg. fwith plenty of oxygen present
under the peels, oxidation reactions were favorgthd thermal treatment, further
enhancing the browning discoloration on the peatgp€l” in Figure 3.2).

In this study, surface washing of the pears wittfiestiant or detergent (Tween
20 or dishwashing detergent) did not effectiveipose the surface waxy layer, thus
yielding brown canned pears (results not shown)hdaical use of knives or a sugar-
spraying system both successfully removed the seifiaaxy layer of the pears,
ensuring the interactions of zinc ions with chldrglh The sugar-spray system
developed in this study was much more efficienhthe@nual scraping with knives
(Anderson and Zhao 2005). A whole pear was unifpmewaxed in 5-6 s compared
with about 10 min when using a knife (Anderson @hdo 2005), thus it is suitable
for commercial applications (patent pending).

3.4.2. Effect of zinc treatment during blanching

The CIELAB L, a, and b and calculated chroma (Cand hue angle th
values of fresh and processed green pears (Bpetetreported in Table 3.1. Green
pigments of control samples (dewaxed and blanam&dter without the addition of
zinc ions) were mostly destroyed after 12 min mepéit 94°C. There were no
significant (P>0.05) differences in (lightness), b(yellowness), and Q(color
intensity) values between treated (dewaxed ancthhin zinc ion solution) and

control samples, but significant (P<0.05) differemin the —a(greenness) and h
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values, suggesting that the zinc ion blanchingnneat significantly (P<0.05) retained
the green pigment of pears after the thermal psocHsese results were consistent
with those reported by von Elbe and others (1986)reen beans.

Statistical analysis indicated that blanching teme zinc ion concentration are
significant factors affecting the —a* antivralues of canned pears, and there is also a
significant interaction between blanching time airt concentration on the kalues
(Table 3.2). Figure 3.3 shows an increase in hgéeaof canned pears when
increasing blanching time or zinc ion concentra(i®g0.05). Hue angle has been
shown to be a reasonable predictor of sensory pgoceof green color
(Gnanasekharan and others 1992; Lau and other9.280@ngle of 90represents a
yellow hue. The higher the hue angle, the gredreesample and an increase in hue
angle corresponds to a decrease in yellownes$e(lL®75). Treated samples at all
tested zinc concentrations showed an increaseeihuk angle over blanching time of
6 to 12 min (P<0.05). These results substantiatedqus indications for green peas
that increased holding time of zinc treatment rtesbin an increase in sample
greenness (Canjura and others 1999). However, lilagnan 1,300 and 5,200 ppm
Zn** solutions for a longer time (18 min) did not shsignificant improvement in the
hue angle of canned pears compared to treatmeatdboorter time (12 min) (P>0.05)
(Table 3.1), indicating that 12 min blanching in@solution is sufficient to retain
green pigment on pears. The hue angle of pear peside adjusted through the
control of blanching time and zinc concentratioig(ife 3.3) to achieve different
degrees of greenness in the final products.

In this study, the zinc concentration needed fanbhing pears to retain green
pigments was higher than the amount proposed fgetables (LaBorde and von Elbe
1990; Canjura and others 1999). Our preliminaristasing lower Zfi” concentrations
(50 to 500 ppm) in blanching solution yielded urettive green pear color (results not
shown), suggesting that zinc complex formationaans does not occur under the
condition suitable for vegetables. This might be tluthe low concentration of

chlorophylls in the fruit peels compared to thatblorophylls in vegetables, as well
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as the slow formation of metallo complexes of Zoxts in pears (von Elbe and
Schwartz 1996). The reaction might also be affebiedther pear constituents capable
of binding metal ions, such as pectin (Gallardo+®re and others 2002), thus not all
the added zinc ions were available for reactiorth whlorophyll derivatives (Canjura
and others 1999).

Thermal treatment is essential when using zinedtaining green pigments, as
heat is needed to dislodge fMgnd improve the diffusion of Zfiinto pear peel
tissues so that zinc complexes can be formed.&Xpkined why pear presoaked in
zinc solution at room temperature was not as gasdahat blanched (heated) in zinc
solutions (sample number “2” vs. “3” in Figure 3.8amples heated in zinc ion
solutions had significantly (P<0.05) higher amd K values, but lower 1, C, and b
values than those of dewaxed pears without thetmaaiment (Table 3.1). The
decrease in the lightness of thermally processegbes might be due to the removal
of air in the fine porous structure between thelepnal cells that led to a change in
the surface reflecting properties (Woolfe 1979yeaserally found in heat-treated plant
materials (Cantwell and others 2003). In additibe, pH value of blanching solution
changed, from about 6.2 before blanching to 4.& dftanching. These values fell
within the range of pH favoring zinc complex formoat suggested by LaBorde and
von Elbe (1990). Organic acids released from faits during thermal heating
(LaBorde and von Elbe 1994a) would be the mainamnation for this decrease in pH
value of blanching solutions.

The technology developed in this study uses zire @®cessing aid during
blanching, thus it is unnecessary to add it diyeictio canning solution. This agrees
with the remarks made by LaBorde and von Elbe (1886green vegetables. In this
way, it significantly minimizes zinc level in than&l products. Table 3.3 reports the
zinc content in the final processed peel-on pdaepending on the zinc levels used in
the blanching solutions, the final zinc contensigeal) is 74.57 £ 3.51 and 117.93 +
7.58 ppm, respectively when 1,300 and 2,600 ppmw&ere used in blanching
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solutions, respectively. In both conditions, brighten color was retained in the final
products.

Zinc is an essential trace mineral element in th@dn body. It plays an
important role in body growth and development, halihs to maintain a healthy
immune system. The World Health Organization (WH&)jmated that zinc
deficiency affects around one-third of the worlgtgpulation, particularly infants,
pregnant and lactating women and the elderly. Tineeat DRI (Dietary Reference
Index) value for zinc is 15 mg/day for adults. Zsadt used in this study is zinc lactate
(PURAMEX ZN), self-affirmed GRAS (Generally Recoged As Safe) as nutrient
supplement in foods and as dietary ingredient étady supplements, and has been
used in many zinc fortified products including gpininks, juices, cereals, and baby
foods (www.purac.com). Hence, zinc lactate usdtienthermally processed pears not
only helps retain green color, but also provideditawhal health benefits.

One concern about the use of some types of zibhanstlod products is
developed astringency, a mouth-feeling. The PURANEXused in this study has a
neutral taste and mild flavor, and has been usadginy fortified foods. In addition,
syrup or juice based canning solutions may helgrctwe undesirable mouth-feeling.
An in-house sensory study was conducted; the ptodas well received in respect to
its sensory quality (data not shown). However, f@rsensory study needs to be done
to further evaluate the consumer acceptance optoduct.

This study did not further investigate the naturéoomed green pigment,
chromophores. As previously reported by von Elbe athers (1986), zinc pheophytin
a and zinc pyropheophytiaare expected to be the major compounds resporisible
the green appearance on zinc-treated samples. $fladees need to be conducted to
fully investigate the exact compounds contributimghe green pigment as a result of

reactions between zinc ions with chlorophylls ieer pears.

3.4.3. Color stability of thermally processed pearduring storage
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Table 3.4 reports the color values of thermallycessed peels-on pear chunks
during storage at 10, 21, and %8 respectively. The hue angle of the pear samples
did not change (P>0.05) during 35 weeks of stotagker the fluorescent light at all
storage temperatures, giving values in the rangedasn 104 and 106, representing
bright green color of canned pears. Similarly, ¢heas no significant change in -a
values at any given temperature during the stofg6.05). While the samples stored
at 10 and 22C showed a slight increase in values (lightness) during storage
(P<0.05), there was no difference in samples star&8°C (P>0.05). Color intensity,
as expressed by C* values, decreased along witkased storage time at 21 and 38
°C (Figure 3.4). The decrease in color intensityesents the fading of sample
greenness. It was more pronounced and mostly ggntfin the first 19 weeks of
storage (P<0.05). Samples stored at@8howed no significant changes in color
intensity during 35 weeks of storage (P>0.05).

There are no published data on the stability of-zinlorophyll derivative
complexes during product storage. However, it@ipible that observed color
changes in the pear peels during storage are ddlathe degradation of the
chromophores due to light. Metallo chlorophyll datives upon intense illumination
can absorb visible radiant energy from the fluoeestight and become an unstable,
excited, singlet-state molecule (Min and Boff 200t)e excited molecule may
undergo an intersystem crossing, changing intaxaitesl triplet-state molecule. The
triplet state molecule may react directly with &ce&on acceptor, such as quinones,
phenol compounds, and change into free-radical (s and Boff 2002; Berezin and
others 2004). Their further conversions might euelty lead to destruction of the
porphyrins, causing color loss (von Elbe and SctenvE996). The changes in peel
color might also be due to the reaction of othengounds present in the fruit

materials.
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3.5. Conclusion

A procedure for peels-on thermally processed (céngeeen pears was
developed by appropriate zinc treatment duringdilarg to retain attractive green
pigments in the final product. Surface pretreatntehore zinc application to remove
wax and part of the cuticle layer is essentiakii@ reactions of zinc ions with
chlorophyll in the peel tissues. In the developeatedure, zinc ion was used as a
processing aid, thus significantly minimizing zicantent in the final products. The
degree of green pigment retention depends on nincentration in blanching solution
and also on blanching time. The green pigmentsddrmere highly stable during
storage, not changing for 19 weeks af@&inder intensive illumination or for at least
35 weeks at 16C.
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Table 3.1 - Effect of blanching time and zinc conegration on the color of thermally processed peelsn pears (green

Bartlett)+
Zinc
concentratioh  Blanching

(ppm) time (min) L* a* b* h°P Cx¢

1300 6 49.55 + 2.47abc -2.26 +£1.15d 37.99 £1.80b 93.22 +1.74e 38.07 £ 1.80bc
12 48.30 + 1.91bc -3.87 + 1.12cd 36.86 £1.36b  79%1.74cd 37.08 £ 1.36¢
18 49.42 +3.32abc  -4.52+1.87bc  38.73+3.67ab 6.50+2.94bcd 39.04 + 3.62bc

2600 6 51.47 £ 2.04a -3.64 +0.81cd  38.63 +2.24ab95.24 +1.43ed  38.81 +2.18hc
12 50.49 +2.52ab -5.85+ 1.15b 37.83£3.15b 9&.8607b 38.30 + 3.07bc
18 47.28 +2.44c -7.77 £+ 1.28a 38.42 £ 1.91ab 20%.1.89a  39.22 +1.90abc

5200 6 48.06 + 1.56bc -5.66 + 1.68b 39.40 £ 1.84ab97.97 £ 2.37bc  39.84 + 1.85ab
12 48.16 + 3.12bc -8.80 + 1.50a 40.79 £ 1.91a amt.1.87a 41.75 +1.99a
18 50.46 + 2.43ab -9.41 + 1.36a 39.16 £2.51ab .2BD81.77a  40.29 +2.57ab

Control® 49.17 + 2.48abc 0.32+1.16e 40.51 +2.01ab 89.346e 40.53 +1.99ab

75

Note: + Thermal processing is under commercial icanoondition: heating at 94 for 20 min.Reported means (+ standard
deviations) derived from 3 replications with 3 sd@sgper replication. Means within a same columioweed by the same letter were
not significantly different (P<0.05).

2 7n** concentration in blanching solutions.

P h° hue angle = arctan/a’.

¢ C*: chroma = (a* + b?)*2,

9 Control samples received the same blanching tesatin water without the use of zinc ions.
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Table 3.2 - Selected results from ANOVA tables (p=05) for statistical significance and interactiond®etween treatment factors

Source of L* gt b* Ho2 C*°
variation
dff F P df F P df F P Df F P df F P

Linear terms
(BE'gr)‘Ch'”g“me 2 067 0517 2 4372 <0.0001 2 010 0909 2 40.90.0001 2 049 0.612
Zinc
concentration 2 087 0425 2 7048 <0.0001 2 488 0.010 2 57580001 2 8.49 0.005
(ZC)
Interaction term
BT x ZC 4 481 0.002 4 175 0.149 4 142 0.237 4 251. 0.229 4 150 0.210
Model 8 279 0.009 8 2955 <0.0001 8 195 0.065 8&.22 <0.0001 8 3.00 0.006
Error 72 72 72 72 72
Corrected total 80 80 80 80 80

 df = Degree of freedom.
> h° hue angle = arctan/a.
3 C* chroma = (a* + b?)'2.
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Table 3.3 - Zinc content in the thermally processegeels-on pears (green
Bartlett)+

Processing conditions Zinc content in pears
(PpmM)
Blanching in 1,300 ppm zinc solution prior to carmi 74.57 £3.51
Blanching in 2,600 ppm zinc solution prior to carmi 117.93+7.58
0 ppm zinc (control) 1.31 £0.59

+ Pears were processed following same proceduréssasibed in Figure 3.1 with a
blanching time of 13 min in zinc solution. Fruitdacanning solution ratio is 1:1 (wt).
Zinc contents of the pears were analyzed aftemagek of processing.
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Table 3.4 - Color of the peels of thermally processl peels-on pears (green Bartlett) during storaget different temperatures+

Storage Storage
temperature time
°C) (weeks) L* a* b het c*?
10+3 0 46.16 + 1.38a -8.45+0.73a 34.11 £ 1.49ab103.72 + 1.41a 35.15+1.41a
3 47.70 + 1.51ab -9.53 £+ 0.92a 36.69 + 2.49a 104.83%5ac 37.92 + 2.46b
7 47.65 £ 3.12ab -9.00 + 1.14a 32.43+2.79b 10%.3(%8abc 33.66 + 2.87a
11 48.11 +1.41b -8.88 +1.13a 33.09 + 3.38b 104.8%b4ac 34.28 + 3.44a
15 49.00 £ 2.02bc -9.22 £ 0.71a 33.70+3.11b 10%.1.53abc 34.95 + 3.05a
19 49.26 + 1.00bc -9.02 £ 0.52a 32.27 £ 2.54b 10%.4.26ab 33.52 £ 2.49a
31 50.42 + 1.76¢C -8.70 £ 1.22a 28.96 + 3.96b 196.2.54b 30.33 £ 3.95¢c
35 49.85 + 1.75¢c -9.17 £ 0.75a 31.79+291b 10%.9774ab 33.11 + 2.83a
21+2 0 47.18 £ 2.52a -9.26 + 0.70ac 36.37 £ 2.03a104.11 + 1.35ac 37.54 £ 1.94ab
3 46.79 + 2.48a -9.26 + 1.36ac 3477 +£257bc  I04.6.71abc  36.00 + 2.72abc
46.44 + 2.29a -9.63 + 0.96a 37.22+2.18a 104.3@27abc 38.46 + 2.23a
11 47.74 + 2.41abc -9.37 + 0.94ac 34.40 + 3.89bcd)5.10 + 2.28abc 35.68 + 3.72bc
15 47.61+2.73a -9.25 + 0.70ac 33.42 £ 2.29cde .3B}51.75abc 34.69 + 2.14dc
19 48.84 + 2.65bc -7.60 £ 0.80b 32.23+2.66def .1P3 1.69a 33.13 £ 2.60de
23 48.29 + 2.47abc -8.85 + 0.95abc 31.60 + 1.93ef05.46 + 1.76abc 32.83 £ 1.90de
27 48.44 + 1.09abc -9.11 + 0.74ac 30.26 £ 2.56fg 6.8D+ 1.67b 31.62 +2.48e
31 49.61 +1.78c -8.09 + 1.08bc 31.05+3.13efg .304 2.30abc  32.12 + 3.04e



35 49.36 + 2.51c -8.66 = 0.81abc 29.29 +3.17¢g ad&.1.49bc 30.55 + 3.47e
38+2 0 46.62 +1.29a -9.13 +0.77a 36.57 +1.89a103.82 = 1.27ab 37.70 + 1.86a
3 47.70 + 2.10a -9.24 £ 0.61a 35.81 +2.28a 104.29.3ab 36.99 + 2.24a
46.48 = 1.52a -8.73 £ 0.70ac 34.99 + 3.21a 108.8403ab 36.07 = 3.22ab
11 47.11 +1.20a -8.78 + 0.92ac 33.08 +2.10ab  6B)4.1.40ab 34.23 + 2.13abc
15 47.78 + 2.32a -8.01 + 1.06abc 31.55+3.71bc .04 1.81ab 32.56 + 3.74bcd
19 48.24 + 0.93a -7.73 £ 0.46abc 29.27 £ 2.08c @04.0.86ab 30.27 +2.08d
23 48.02 +1.19a -7.93 £ 0.98abc 30.77 +1.86bc .24 1.76ab 31.79 +1.86¢cd
27 46.64 + 2.54a -8.28 + 1.15ac 30.38 + 3.41bc (P5.1.81a 31.50 + 3.45cd
31 47.68 = 1.51a -7.75 £ 0.77abc 29.98 +1.85bc .24 1.34ab 30.97 +1.86d
35 47.68 + 2.14a -7.43 £ 0.89b 28.51+2.72c 104.1G7b 29.79+2.71d

+ Pears were dewaxed, blanched at 2,600 ppthsution for 13 min, and then thermally procesae84°C for 20 min.
Means (+ standard deviations) derived from 2 rgpions with 5 samples per replication. Means withesame column at same
storage temperature folloyved by the same letteewet significantly different (P<0.05).

'h° hue angle = arctan/fa”
2C*: chroma = (a* + b?)"2

79
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Fresh green pears

-~

‘ Pears were immersed in 1% ascorbic
acid solution. Wax and part of cuticle
layer were removed by use of a knife
or a sugar spraying system.

Surface de-waxing
treatment and dicir

v In zinc lactate (equilibrium to over
1,300 ppm ZA") solution at 94 — 98
Blanching °C for over 6 min.
v Hot pears and blanching solution
_ were cooled by rinsing with tap water
Cooling for 30 min.

!

Cooled blanched

pear:
l Thermally processed under
Cannin commerqal canning gondltlpn -
g Heated in glass jars filled with water
at 94°C for 20 min.
v Jars were cooled to room temperature
Cooling by rinsing with tap water.
A 4
Storage

Figure 3.1 - Processing scheme developed for retaig green pigment on
thermally processed peels-on green pears
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= = 2000 1 ¢

Figure 3.2 - Color of Comice pears thermally procesed at 94°C for 20 min. 1 -
Pear without surface dewaxing treatment; 2 - Pear #th surface dewaxing
treatment, but canned in water; 3 — Pear with surice dewaxing treatment and
canned in 2,600 ppm ZA" solution. Prior to the thermal process all pears wre
vacuum-impregnated (VI) in 5,200 ppm Zri* solution under vacuum at 100 mm
Hg for 20 min followed by atmospheric restoration ér 40 min.

104
102
100

Hue angle

5200

1300 Zinc concentration
(ppm)

12

18

Blanching time (min)

Figure 3.3 — Effect of blanching time and zinc corentration on the hue angle
values of thermally processed pear peels (green Blatt, processed at 94C for 20
min after blanching treatment)
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Chroma values (C¥*)
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Storage time (weeks)

Figure 3.4 - Change in chroma (C*) values on the és of thermally processed
peels-on pear chunks (green Bartlett, processed @4 °C for 20 min after
blanching at 94°C for 13 min) during 35 weeks of storage at 10, 2and 38°C
with fluorescent light on.
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4.1.Abstract

The formation of zinc-chlorophyll-derivative compés was investigated in
peels-on green D’Anjou pears when subjected todblizug in zinc ion solution (1,300,
2,600, and 0 ppm) at 9€ for 6, 12, or 18 min and then canning af@4or 20 min.
The peels removed from the pears were freeze-dnddyround into powders in liquid
nitrogen for pigment extraction using ethyl eth&he visual absorption of the extracts
was measured using a spectrophotometer along @etttification and quantification
of chlorophyll derivatives by use of reverse-phe§d.C . Furthermore, pears with or
without the peels were blanched in 2,600 ppm of swiution for 12 min following
the canning process in 2Brix syrup solution. Total antioxidant (TA) anddb
phenolic content (TPC) of the pear flesh and peel® evaluated using Folin-
Ciocalteu's phenol and 1,1-diphenyl-2-picrylhydieassays. Thermal processing
destroyed chlorophylls in pear peels, where phetiphyere found to be the major
degraded compounds while trace or small amounpyripheophytins were also
formed. In zinc blanched peels, Zn pheophytin a tha dominant green compound,
and its amount increased about 100% and 144.4%sls pplanched in 1,300 ppm zinc
solution for 6 and 12 min, respectively. When bklang peels in 2,600 ppm zinc
solution for 6 and 12 min, the pigment increasealdli18% and 242%, respectively.
Significant reductions in TA and TPC were foundhe peels of zinc treated pears,
but the overall TA and TPC of whole fruits were significantly affected by the

treatments.
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4.2. Introduction

Chlorophyll a and b, two major forms of chloropisyith plant materials, are
partially or totally degraded to yellow-olive coém pheophytins and pyropheophytins
during heat processing (Haisman and Clarke 197®w&xtz and von Elbe 1983).
Schwartz and von Elbe (1983) suggested a mechdarstime decomposition of
chlorophyll during heat processing of vegetablesCéorophyll-> Pheophytin>
Pyropheophytin. The conversion of chlorophyllpb®ophytins initiates at
temperature of 66C or higher (Haisman and Clark 1975; Weemaes amet®t999)
as a result of increased permeability of hydroges iacross cell membranes
(Haisman and Clark 1975). Pyrophephytins may lmegged from pheophytins
(Canjura and Schwartz 1991; von Elbe and Schw&%®6)land accumulate, especially
in severely heated vegetables (Schwartz and voa B9B3; von Elbe and Schwartz
1996). A technology for improving color of contaiized green vegetables was
invented by LaBorde and von Elbe (1996), througittiag zinc (Zn) ions with
pheophytins and pyropheophytins generated in heatgetables to form new green
Zn complexes, Zn pheophytins and Zn pyropheophytorge-greening the products
(von Elbe and Schwartz 1996).

Recently, a technology for retaining green pigmamthermally processed
green pears by use of zinc to form zinc-chloropbgthplex has been developed and
patented by the authors (Ngo and Zhao 2005). wasused as a processing aid in
blanching process for retaining the green pigmentmally processed pears (Ngo and
Zhao 2005), leading to the development of a neweraldded peels-on canned pear
product. Previous studies of retaining green pige canned peas and spinach with
zinc reported that the pigment retention was attet) to the formation of metallo-
chlorophyll complexes, such as Zn pheophytins opyitopheophytins (Jones and
others 1977; von Elbe and others 1986; Canjurao#imels 1999). However, it is
unknown what exact compounds are responsible éonéw green pigments on the
pear peels, thus the intention of this study.

Identification of chlorophyll and its derivativeseabased on their spectral
characteristics in the visual light region (von &€Bnd Schwartz 1996). Simple
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determination of chlorophyll a and b in a wholemant extract of green plant tissues
can be efficiently done by spectroscopy or fluoromnevhen there are few pigments
present in the samples (Schoefs 2001). Howewverdhuracy of the method depends
on the type of device used, the ability to detesrilte absorbance maxima, and the
accuracy of the absorption coefficient used fordhaleulation (Schoefs 2001,
Lichtenthaler and Buschmann 2005a). Examinaticth@frocesses by which
chlorophyll derivatives are formed requires a mdttiat allows their individual
determination in the presence of carotenoids (Maragwl Berger 1997). HPLC
methods using normal-phase (NP) and reverse-pRa¥ehave been developed and
concentrated on the analysis of chlorophylls amd thegradation products (Canjura
and Schwartz 1991; Li and others 2002; FerruzziSetuvartz 2005). Similar
methodology has also been developed for the asabysin and Cu chlorophyll
derivatives (Canjura and others 1999; FerruzziSetdvartz 2005; Scotter and others
2005). Compared to RP-HPLC, the NP-HPLC methodireg extra steps to
eliminate water from the extracts (Canjura and Sotev1991), but can successfully
separate the a and b forms of metallo-chloroplhsdivéitives (Canjura and others
1999), while available RP-HPLC methods result inpgeparation of compounds,
such as Zn pyropheophytin a and pheophytin b (Mba Bnd others 1986) or Zn
pyropheophytin a and Zn pheophytin a’ (LaBorde amwElbe 1994). Fortunately,
the a forms of chlorophyll occur naturally in higlgiantities and have greater
reactivity than the b forms (Jones 1977) and shewy faigh absorbance at 658 nm
detection as well (Canjura and others 1999). Thgst studies on thermally
processed green vegetables only have chloroplugdtiaatives that have been
followed in the chromatography spectrum (LaBordé aonElbe 1994; Canjura and
others 1999).

Pigment identification and quantification requine fipids and lipoproteins of
the chloroplast membrane to be solubilized in aestl matrix (Hagerthey and others
2006). Current protocols for extracting green pagis from plant materials are to
grind samples at room temperature (Canjura andi8#99; Lichtenthaler and
Buschmann 2005b), in which heat generated durimgligng may degrade the pigment
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and stimulate chlorophyllase activity (Hagertheg athers 2006). Rodriguez-Saona
and Wrolstad (2005) described the use of liquitcbgién to minimize the degradation
of anthocyanins by lowering the temperature andignog a nitrogen environment.
This technique has thus a potential applicatiorcfdorophyll extraction. The fine
powders can maximize pigment recoveries as a restheir high surface area
(Rodriguez-Saona and Wrolstad 2005). In a congmrgilie study on the extraction
methods of alga pigments, Hagerthey and others6j2@ported that freeze-drying
samples prior to extraction increases the extraaifcchlorophyls and its derivatives.
Freeze-dried materials can be directly extracted non-polar solvents, such as
diethyl ether (Lichtenthaler and Buschmann 2005gé#they and others 2006).
Since pear peels contain many times more phenbigsflesh (Amiot and
others 1995; Galvis Sanchez and others 2003),d8is jare generally considered as a
positive attribute to enhance the nutritional vabfipeels-on processed pears
compared to peeled ones (Ngo and Zhao 2005). Henvthermal process disrupts
fruit cells and may change phenolic compositiotheffruits (Renard 2005), hence a
need to evaluate the total phenolics and antioxidapacity of thermally processed
fruits in a peels-on fruit model. The objectivéstos study were to investigate the
degradation of chlorophyll and formation of Zn-ataphyll derivatives in thermally
processed green pear peels while using zinc ascasing aid in blanching solutions
for helping retain green pigment and to evaluagetthal antioxidant activity and total

phenolics of processed pears in a peels-on model.

4.3. Materials and Methods
4.3.1. Materials

D’Anjou green pearsRyruscommunid..) and fresh spinach were purchased
from a local grocery store in Corvallis, Oreg., lLAS Cane sugar was from C&H
Sugar Company (Crockett, Calif., U.S.A.). Zincaride and anhydrous sodium
sulfate were obtained from EM Science (EM Industriac. NJ., U.S.A.) and zinc
lactate from Purac America, Inc. (Lincolnshire,, I1.S.A.). Acetone and ascorbic
acid was from J.T. Baker (Malinckrodt Baker, Intillpsburg, NJ., U.S.A.), diethyl
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ether, ethyl acetate, and methanol from EMD Chelsiice. (Gibbstown, NJ.,
U.S.A.). Chlorophyll a standard, Folin-Ciocalteptsenol reagent (FC), gallic acid,
and sodium carbonate were purchased from Sigma icae@o. (St. Louis, MO.,
U.S.A). The 1,1-diphenyl-2-picrylhydrazyl (DPPWas from TCI America
(Portland, Oreg., U.S.A.).

4.3.2. Preparation of pears

Pears were de-waxed by use of a sugar sprayingmns\ast described by Ngo
and Zhao (2005) to remove the wax layer on theotdpe pear peels. De-waxed
fruits were immediately soaked in a 1% iced as@oalsid solution for less than 10
min. Fruits were then drained and blotted withgyapwel. The green area of the
pear peels were manually peeled using a dual peelerediately frozen in liquid
nitrogen, and stored in sealed 3-L glass jars AtC2for overnight. For creating a
standard mélange of the peels, peels from appragiyna40 pears were manually

blended and mixed on a tray under cold conditios2afC.

4.3.3. Thermal process of pear peels in zinc solatis

Thirty grm of frozen peels were hot filled in 1-traght-side glass jar
(Richard Packaging Inc., Portland, Oreg., U.S.8gd with near-boiling solution
containing 0, 1,300, or 2,600 ppm of zinc ions pred from zinc lactate. For
providing the chlorophylls in the peels a reacttondition close to what actually
occur on pears during canning process, approxignagf g of de-waxed peels-on
whole pears were added into the jar along with 30ig of peels. The concentration
of the zinc was chosen based on our previous fgwdihat using 2,600 ppm or less of
zinc in blanching solution resulted in greenishduas while observing the FDA
temporary regulation of 75 ppm of zinc in final duzt (Ngo and Zhao 2005). Jars
were sealed and immersed in“@water in a 60-L steam kettle for a designed tirhe
6, 12, or 18 min. After blanching, pear peels finds were drained and washed with
boiling water, then immediately hot filled in glgsss with boiling water and
thermally treated at 9%C for 20 min. The thermally processed peels welected,
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immediately frozen by liquid nitrogen, and stored22 °C for less than 4 hr before
freeze-drying under a 100 mmHg vacuum pressurédgdir by use of a Consol 4.5
(The Virtis Company, Inc., Gardiner, NY., U.S.A.).

4.3.4. Extraction of green pigments from pear peels

Freeze-dried peels were ground into powders indigitrogen by use of a
blender (Waring Products, Model 34B97, DynamicspOoation of America, New
Hartford, Conn., U.S.A.). About 1.5 g of powder wased with 15 mL of 100%
ethyl ether. The mixture was sonicated, centrii@ad the supernatant was
collected. Three additional extractions of thedes were done with ethyl ether.
Supernatants were combined and concentrated #sa gbntainer under a flow of
nitrogen gas before being transferred to a 10-mumetric flask. Ether was added
into the flask to reach final volume of 10 mL ahe extracts were stored at -Z2
until analysis. Approximately 2 g of the peel mmwr of each sample was dried until
reaching constant weight in a vacuum dryer (Mo@dI(8., National Appliance
Company, Portland, Oreg., U.S.A.) at°@to determine the dry weight of the

material.

4.3.5. Visual spectroscopic properties of peels eatts

The visual spectroscopic properties of the etharets of fresh and thermal
processed pear peels were recorded by use of aadhiodvV160U spectrometer
(Shimazu Corp., Kyoto, Japan) with 1-cm disposablés at 5 nm intervals.

4.3.6. Analysis and identification of pigments

Chlorophyll derivatives were separated by HPLC gsin isocratic mobile
phase of ethyl acetate/methanol/water (40:54:1//NOne mL of ether peel extract
was evaporated to dryness, followed by additio@.2fmL of acetone. Duplicate 20-
UL injections of acetone extract were made ontdlgx Ultraspheré” reverse phase
column (ODS, 5u, 4.6 mm x 150 mm) (Altex-Beckmaarkley, Calif., U.S.A.). All
pigments were monitored at 656 nm and 436 nm dmra&u dual-wavelength
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detector. The HPLC apparatus consisted of a iojestalve of 20-pL sample loop
(Model 7725i, Rheodyne LLC, Rohnert Park, Calif.SIA.), two pumps (LC-10AS)
controlled by a SCL-10A controller, and a SPA-20X/Wis Detector (Shimadzu
Scientific Instruments, Inc., Columbia, Md., U.S.AA Dell desktop computer (Dell
Inc., Round Rock, TX., U.S.A.) equipped with EZ$taersion 7.2.1 SP1 (Shimadzu
Scientific Instruments, Inc.) was used to colled antegrate data.

Chlorophyll derivatives in samples were identifigd chromatographic
retention time and spectroscopic properties byreatestandard procedures using
purified chlorophyll a from a commercial source amgurified pheophytins,
pyropheophytins, and their zinc complexes prepad spinach leaves. Spinach
leaves are a rich source of chlorophylls and thedlien method of spinach
chlorophyll derivatives by use of Reversed PhaseGiRas been well established
(van Breeman and others 1991; LaBorde and von EI8d). A photodiode array
detector coupled with an Agilent HPLC (Agilent Tackogies, Inc. Palo Alto, CA,
U.S.A)) in conjunction with chromatography ChemBiasoftware was used to
determine the visual spectra of the resolved comged@rom 20 L of prepared spinach
standards or peel samples. The chromatographicothetescribed earlier using
isocratic mobile phase of ethyl acetate/methanaén@0:54:10 v/v/v) and the Altex

Ultraspher&" column was used.

4.3.7. Preparation of chlorophylls, chlorophyll detvatives, and their zinc
complexes from spinach leaves

Pheophytins and pyropheophytins were prepared figuid nitrogen ground
spinach leaves using modified methods by Tonuadivam Elbe (1992).
Chlorophylls were extracted from 50 g of frozen plews of spinach leaves with 80
mL of 100% acetone. The extracts were filteredulgh Whatman No. 1 papers into a
200-mL separatory funnel with the addition of 60 ofl100% ethyl ether and 30 mL
of MilliQ water. The ether layer was then sepataed collected. Ten mL of acetone

containing 15 pL of hydrochloric acid was added i80 mL of ether extract. The
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pheophytins were formed within 2 min and the aca$wemoved by washing 3 times
with water.

To prepare pyropheophytins, 50 g of frozen powdéspinach leaves was
filled in 125 mL of near-boiling water containedaril25 mL glass jar. The jar was
loosely sealed, heated at @Bin a Precision water bath (Jouan Incorporation,
Winchester, Va., U.S.A)) to inactivate chlorophg#a before thermally processed at
121°C for 1 hr in a Tomy Digital Autoclaves (Model S88 Peninsula Laboratories
Inc., Belmont, Calif., U.S.A.). The powders in ertvere then filtered, drained off
water, extracted with 80 mL of acetone, filterediagand transferred into ether as
done with chlorophyills.

Zinc-chlorophyll derivative complexes were prepansthg a method
described by Ferruzzi and Schwartz (2005). Fifre&rnof pheophytins or
pyropheophytins in ether was dried under a strefanitrmgen gas. Twenty mL of
acetone containing 3 g of zinc chloride was thestedd After a reaction time of 30
min and 5 min for pheophytin and pyropheophytispeztively, the zinc complexes
were re-extracted with 30 mL of ether and washé&h8s with MilliQ water.

The excess water dispersed in the ether extracts nemoved by addition of
anhydrous sodium sulfate before storage af€22

4.3.8. Measurement of total phenolics and antioxidd capacity

One of the goals in this study was to evaluatesffext of thermal processing
on the amount of health benefit compounds repreddny antioxidant capacity and
total phenolics, as well as these values on this pé¢he pears. To process peels-on
and peeled pears, whole pears were de-waxed adhapt stored in 1% iced ascorbic
acid solution for less than 2 min before use. Ppe&eled or de-waxed peels-on pears
were hot filled in water inside glass jar and hda&®e94°C for 20 min. Two de-waxed
peels-on whole pears were blanched in 2,600 ppmsatution for 12 min following
with canning process in 1'8rix sugar solution at 94C for 20 min. The 10Brix
syrup has been commonly used in canning Northwesstspas this level of sugar is
similar to the sugar content in pears, thus avgidismotic dehydration of the fruit
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during processing and storage. Jars of processad pere immediately cooled to
room temperature under running tap water befonegoget aside for 24 hr before
further analysis.

Processed pears and de-waxed fresh pears werd peelsliced from the
outer to the core into 1 cm thickness of slicesel®and slices of pear flesh were
frozen in liquid nitrogen. The flesh was powdeiedquid nitrogen by use of a
blender, while the peels were freeze-dried beforedered. Approximate 5 g of flesh
powders or about 1.4 g of dried peels was extratiea times for phenolic content
by use of a method described by Rodriguez-Saond\antstad (2005). About 30 g
of flesh powders and about 8 g of dried peel poweere subjected to vacuum drying
at 70°C for determination of their moisture content. algthenolic content and
antioxidant activity were determined by use of Fd ®PPH assay, respectively, as
described in the previous study by Ngo and oth2087). The experiment was
replicated four times. The peels from two diffdregplicates were mixed together to

give a larger quantity sufficient for powdering.

4.3.9. Experimental design

A completely randomized design (CRD) with two fast{zinc concentration
of 0, 1,300, and 2,600 ppm and blanching time df%,and 18 min) was duplicated.
A CRD design with one factor (processed pears péitls-on and without peels) was
applied to evaluate total phenolics and antioxicentitvity. The general linear model
(GLM) procedure performed by SAS version 10 (Stats Analysis System Inst.
Inc., Cary, N.C., U.S.A.) was applied in testinffetiences among different
treatments. Least-significant-difference (LSD)’sltiple-range test was used for the

multiple mean comparisons.

4.4. Results and Discussion
4.4.1. Spectral properties of processed pear peels

Figure 4.1 and Table 4.1 represent three typicalatispectral properties of
ether extracts from fresh peels, peels blanchectanded without use of zinc, and
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peels blanched with 2,600 ppm zinc ions and thened Both blanching (18 min)
and canning (20 min) processes were performed &€ 94igure 4.1 shows that three
peel extracts absorb mostly in the lower (blue)are@nd higher (red) region of
visible light, which is typical for extracts comaig chlorophylls and their derivative
forms (von Elbe and Schwartz 1996). The broadhagll absorption of the extracts in
the blue region would partly be due to the presefi@arotenoids in the peels that are
known to absorb visual light in the range from 48@80 nm (von Elbe and Schwartz
1996). There was a shift in the wavelength of mmaxn absorption among the peel
extracts, suggesting color differences betweernfpegls (green), peels treated with
zinc (green) and those without zinc treatment (lorgellow). Table 4.1 shows a
coincidence between the absorption maxima (abs ofakpe three peel extracts and
those of chlorophyll a derivatives reported in literature. Absorption maxima of
fresh peels were found at 660.5 nm and 430 nmeaodisely, which corresponds

fairly well with those of chlorophyll a at 660.5 nend 428.5 nm. Similarly, peels
thermally processed in water without the use of hiad absorption maxima at 666 nm
and 410 nm, respectively, very close to those ebphytin a, at 667 nm and 409 nm.
For peels blanched in 2,600 ppm zinc solution rteeiracts showed absorption
maxima at 655.5 nm and 422 nm, respectively, cporeding well with those of 655
nm and 423 nm reported for Zn pheophytin a (voretbhd Schwartz 1996). These
findings imply that the green color of fresh peaels was dominated by chlorophyll a,
while zinc treated green pear peels hold a gresnmessibly attributed by Zn
pheophytin a.

4.4.2. Chlorophylls, chlorophyll derivatives, and heir Zn complexes in fresh and
processed pear peels

The analysis of the pear peel extracts revealddtilarophyll a was present in
the fresh peels (Figure 4.2a) and zinc-pheophyéindapheophytin a (Figure 4.2b and
2c) were found in the zinc treated samples.

Figure 4.3 shows the three typical reverse-phadeCHthromatograms of the
peel extracts. The elution order of all the presémompounds/peaks coincided well
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with what reported in previous studies for greearband spinach extracts (von Elbe
and others 1986; LaBorde and von Elbe 1994). Eidu8a corresponds to the fresh
peel extracts, in which chlorophyll a (peak 2) éngheak 1) are present. Pheophytin a
(peak 5 in Figure 4.3a) appeared possibly as dt reéfsineeze drying of peels before
extraction. This is based on the observationrhatiple extractions with acetone or
ether of fresh peels that were not freeze driedreegxtraction yielded extracts
contained only chlorophyll peaks (data not show&s$.chlorophyll b is generally
much less abundant than chlorophyll a, the speabsbrption properties of the fresh
peel extracts shared major absorbance maxima ofagtlyll a as described
previously. In the chromatogram of thermally piss=d peel extract as shown in
Figure 4.3b, pheophytin a, a’, b and b’ (peak 3,@nd 4, respectively) and
pyropheophytin a and b (peak 7 and 8, respectiagpeared, demonstrating that
chlorophylls were all destroyed during the therpralcess. Among the degraded
products, pheophytins were the dominant ones wihdgyropheophytins were
negligible since the peak area of the later wa&6for less of those of pheophytins
detected at 656 nm (results not shown). The poesehpheophytin a’ (peak 6, Figure
4.3b) in thermally treated peel extracts implieat th part of chlorophyll a was
isomerized and formed into chlorophyll a’ (von Ebred Schwartz 1996), then further
degraded into pheophytin a’. Chlorophyll isometiaa may result in conversion of 5-
10% of chlorophyll a and b into a’ and b’ afterrhin heating at 108C (von Elbe and
Schwartz 1996). In this study, peak area of phgpla’ at 656 nm was
approximately 20% of that of pheophytin a (Figuréo.

Samples processed with zinc treatment showed gpak of Zn pheophytin a
(peak 9) and peak 3, possibly composed of Zn phgtipa’ (Figure 4.3c). Zn
pheophytins were formed from their precursors, phgtins and zinc ions (LaBorde
and vonElbe 1994). While the extent at which Zeqghytin a’ formed was
unknown, its amount was believed to be much smtikan that of the ‘a’ form as
there was more pheophytin a than phephtytin éh@mrhally processed pear peels.
The insignificant presence of Zn pheophytin a’ abk® supported by the fact that
there was only a slight difference in peak heidtthe 3 or 3’ peak relative to that of
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peak 4, representing pheophytin b’ (Figure 4.3bRigdre 4.3c). Thus, Zn
pheophytin a would be the major compound contritguto the overall green color of
the extract in zinc treated peels, which echoegé#nker findings from the spectral
observation of the extracts (Table 4.1 and Figuté. 4If Zn pyropheophytin was
present in the extract, it would co-elute at tlaise peak 3, as shown in heated, zinc
treated spinach extracts (data not shown). Howeasgedescribed early,
pyropheophytins were present in a negligible amauheated pear peels and the
amount of Zn pyropheophytins resulted from pyroggtins were thus negligible as
well. Zn pheophytins might be converted to Zn pyreophytins during heating (von
Elbe and Schwartz 1996). This process, howeves,bgéeved to be as slow as the
formation of pyropheophytins from pheophytins ameded very insignificant amount
by considering the low temperature heat procesfisisnstudy.

Based on the observation on the spectral charstitsrand HPLC
chromatograms of extracts from fresh peels, péelsrtally treated with or without
zinc pretreatment, it can be concluded that chlloytle were completely destroyed by
heating at 94C for a total time period of 26 to 38 min (blandapjsius canning
process). This agreed well with the remarks madeaBorde and von Elbe (1994)
that chlorophyll a decreased to trace level in @d#es 20 min of heating at 12C. In
this study, pheophytins were formed in large amaontpared to the trace amount of
pyropheophytins when no zinc ion pretreatment vpgied. The abundance of
pheophytins favored the formation of Zn complex@spheophytins, when peels
entered into contact with zinc ions and the fingspeoduct color was dominated by
the Zn pheophytin a. A similar finding was repdrtg/ Jones and others (1977) that
Zn pheophytins are the sole compounds responsibkaé green color of spinach
leaves processed at 1%D. This is unlike the favored formation of Zn
pyropheophytins reported by others (Canjura andreth999) on vegetables
processed at higher temperatures.

One thing worth to mention here concerns the amoitite chlorophyll
reacting with zinc, i.e., a relative proportionween the initial chlorophylls and their
zinc derivatives. In this study, unpurified chlphyll standards from spinach leaves
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were used in the HPLC analysis, hence, it was en@btjuantify absolute amounts of
chlorophyll derivatives formed, such as pheophgtand Zn phyophytin a, and then
using these numbers to calculate the ratio of oiployll degradation into zinc
derivatives. This is a disadvantage of using uffigdrstandards, and future study

needs to consider about this limitation.

4.4.3. Evolution of major heat-generated pigmentsiitreated pear peels

The kinetic data collected for canned peels preshohlanched in different
zinc solutions (0, 1,300, or 2,600 ppm) for 6, @218 min are presented in Figure 4.4.
Note that the concentrations of Zn pheophytin lagated peels blanched in 1,300 ppm
Zn solution for 6 min were set as 100%. For phgtipk a, b and a’, their
concentration in the heated peels blanched in viaté min was set at 100%. As
pheophytin b, Zn pheophytin &', and Zn pyropheophgtco-eluted, the calculated
amount of pheophytin b in the peels treated witit zons would include the amount
of Zn pheophytin a’ and Zn pyropheophytin a, ifgaet, as well.

Figures 4a and 4b show that the amount of pheapht¢énded to decrease as
the blanching time increased. Although this desga®as not statistically significant
(P>0.05) except for samples treated with low lefedinc ions (1,300 ppm), both
pheophytins a and a’ followed the same trend aficgdn (Figures 4a and 4b). Figure
4.4c shows the formation of Zn pheophytin a asnatfan of zinc concentration and
blanching time. The increase of this green Zn4agbyll complex was higher at
higher level of zinc (P<0.05). This finding supisoour previous observation on
processed pear peels at a similar processing eamdithere an increase in blanching
time and/or zinc concentration favored the gredardatensity of the canned pear
peels (Ngo and Zhao 2005).

4.4.4. Effects of peels-on model on the retentiori antioxidant activity and total
phenolics

Table 4.2 shows the antioxidant activity and tpta¢nolic content of thermally
processed pears with or without the peels-on armiharblanching pretreatment. Note
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that pears treated with zinc ions were subjectelitanching step. Otherwise, pears
peeled or with peels-on were processed by the ctioveal canning procedures, i.e.,
no blanching, but hot filling with 1€Brix syrup solution.

No significant difference in total antioxidant adty between fresh and
processed whole pears was detected, while the peptscessed pears had
significantly lower antioxidant activity than theesh peels (P<0.05). The total
phenolic content of fresh peels was also signifigamgher than that of processed
peels (P<0.05), but there was no significant déifee between fresh and processed
whole pears. Note that the total phenolic contéritesh green D’Anjou pears
obtained in this study was 4.63+0.28 mg EGA/ g (€&b2), about twice as high as
the amount of 2.2+0.18 mg EGA/ g reported by Wu atiers (2004) for green pears
using the same method. This difference can beaegud by differences in cultivars,
maturity, environment factors, etc. as it was uaicighich specific green pear
cultivars were tested by Wu and others (2004). G&@wanchez and others (2003)
found that the small phenolic compounds, such dsaxycinnamics and arbutin
contribute more than 80% of the total phenolicBiAnjou pear peels. These small
phenolics could diffuse out of the peels into the@unding solution explaining the
reduction in total antioxidants and phenolic coht#rthe peels of processed pears
compared to fresh peels. As peels consist of asyall part of the fruits, this finding
suggests that the overall antioxidant activity totdl phenolics of pears were not
affected by the processing, regardless there wastaa step of blanching for

retaining the green pigments.

4.5. Conclusion

The zinc ion reactions with chlorophyll lead themh@tion of zinc chlorophyll
complex, Zn pheophytin a and a’, compounds continigLto the green color of
thermally processed peels-on green pears. Hemmecan be used as a processing aid
in the blanching step before canning process fsrghrrpose. Zinc ion concentration
of 1,300 ppm or above and blanching time up to if2are necessary for the
formation and retention of Zn pheophytin a andla’the context of this research, the
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peels-on pears did not show enhanced antioxidawitgen comparison with fresh

and conventional canned pears.
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Table 4.1 - Spectral properties of ether extractsfdresh and processed pear peel
pigments vs. chlorophyll a and its derivatives.

Sample/Compound Absorption maxima (nm) Visual color

“Red” Region “Blue” Region

Fresh pear peels 660.5 430 Green
Pfear peels canned .(%) 666 410 Brown Yellow
without use of zinc ions

Pear peels blanched with

2,600 ppm zinc ions at 9€ 655.5 422 Green

and then canned at same

temperature

&Chlorophyll a 660.5 428.5 Green
®Pheophytin a 667 409 Olive yellow
#n pheophytin a 655 423 Bright green

2Modified from von Elbe and Schwartz 1996.
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Table 4.2 - Antioxidant activity and total phenoliccontent of Whole* pear and pear
peels of fresh and canned pears (based on dried bkt of samples)

Antioxidant

Samples Pears capacity mg m che;agg(fﬁ
EAA/g++++ g
Whole pears Fresh pears 2.1 +£0.4a 4.63 + 0.28a
Canned peeled 2.3+0.4a 4.98 + 0.45a
pears
cannedwith peels- 5 8.+ 0.8a 5.58 + 0.46a
Canned with peels-
on and treated with 2.1+0.8a 494 +0.77a
Zn+++
Peels Fresh peels 3.9+0.2b 12.09 + 0.85b
gr?””e‘j with peels- 1 71 0.1¢ 259 +0.01c
Canned with peels-
on and treated with 1.0+0.1c 1.82 + 0.08c
Zn

" Pear peels were de-waxed before analysis. Meaten#lard deviations derived from
4 replications for whole pears and 2 replicaticorspleels with 2 pears per replication.
Means within the same column followed by the sagtied were not significantly
different (LSD testP<0.05).

* Pears were peeled.

" Pears were de-waxed with peels-on.

" Pears were de-waxed and blanched &(fbr 12 min in 2,600 ppm of zinc
solution.

T Antioxidant activity was expressed as mg of eq@mthscorbic acid/g of dried
sample.

" Phenolic content was expressed as mg equivaldit geid/g of dried sample.
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Figure 4.1 - Absorbance spectra of ether extracts éresh pear peels and canned
pear peels with or without zinc blanching pretreatnent (blanching in 2,600 ppm
of zinc ion solution at 94°C for 18 min and canning at same temperature for 20

min).
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Figure 4.2 - Visual spectra of major pigments in fesh and zinc-treated pear peel

extracts eluted from an Altex Ultraspheré™ reverse phase column (ODS, 5y, 4.6
mm x 150 mm) and detected by a diod array detectarouple with a HPLC system
using an isocratic mobile phase of ethyl acetate/rt@nol/water (40:54:10 v/viv).
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Figure 4.3 - Typical reversed-phase HPLC chromatog@ms detected at 656 nm on
pear peels. (a) Fresh peels; (b) Thermally process peels (blanched in water at
94°C for 6 min and canned at same temperature for 20 im); (c) Peels processed
with zinc blanching (blanched in 2,600 ppm of zinsolution for 18 min followed
with canning for 20 min at same temperature). Pealdentification: 1,

chlorophyll b; 2, chlorophyll a; 3 and 4: pheophytns b and b’; 5 and 6:
pheophytins a and a’; 7 and 8: pyropheophytin b andi; 9: Zn pheophytin a; 3"

Zn pheophytin a’/pheophytin b.
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Figure 4.4 - Evolution of pheophytin a (a) and a’lf) and formation of Zn
pheophytin a (c) (relative percentage of 100% as icanned pear peels previously
blanched in water for 6 min) in pear peels previouy blanched in 0, 1,300, or
2,600 ppm zinc solution at 94C for different blanching times. The pH values of
the blanching solutions were about 4.55, 4.80, ard93, respectively and finished
product has a pH 4.4.
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Stabilization of Red Pigments on Thermally ProcesseRed D’Anjou Pears

Thao Ngo and Yanyun Zhao*

* Dept. of Food Science & Technology, 100 WiegarallHOregon State University,
Corvallis, OR 97331-6602, U.S.A.
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5.1 Abstract

Thermal-labile anthocyanins were stabilized in &ty processed peel-on
red D’Anjou pears through complexation with metais and covalent bonding with
co-pigments. Red D’Anjou pears reacted with 1ividdial metallic ions in agqueous
solutions for pigment complexation with anthocyaniA formula containing metallic
ion, hydrochloric acid, formalin, and tannic acidssthen developed as a pretreatment
for stabilizing anthocyanins on the peels of redrpaluring thermal process. Treated
pears were subjected to a water solubility tesef@uating CIEL*C*h color values
of the fruits and browning and anthocyanin contdrthe solution by use of
spectrophotometers. Among tested metallic iomsyrsius yielded promising red-
purple stable pigment on the peels, thus usedeinléveloped formula. Pears treated
in the developed formula retained attractive reldrcafter thermal treatment and
showed high water insolubility. The nature of tiev pigments are believed to be the
complexes of stannous and phenolics, includingaoydnins. This study revealed a
new patentable technology for developing processéatful fruit products containing

anthocyanins.
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5.2. Introduction

Anthocyanins are responsible for most of the redple, and blue
pigmentation of flowers, fruits and vegetables.c&8ese of their highly reactive
nature, anthocyanins degrade readily to form ce$srior brown colored compounds
(Jackman and others 1987), particularly under keghperature condition (von Elbe
and Schartz 1996).

A certain degree of anthocyanin stabilization maydached through acylation
with various organic acids, self-associate iorga@pigmentation (Jackman and others
1987). Anthocyanin glycosides may associate vii#irtco-pigments, such as certain
phenolic acids, flavonoids, or derivatives of flasband flavones, in which the
pigments are intensified and protected from oxata{Boulton 2001). This molecular
complexation process is instantaneous and expéziectur in nature (Figueiredo and
others 1996). In food models, the co-pigmentaisdoelieved to be the early steps to
form covalent linkages between the molecules thnatlgemical reactions (Brouillard
and Dangles 1994). The new compounds formed betaethocyanins and other
phenolics can result in higher stability of therpants (Fossen and others 2004;
McDougall and others 2005). Malvidin-3-glucosidasasshown to be very reactive
toward catechin in the presence of aldehydes, rerglanthocyanin-aryl/alkyl-
flavanol pigments (Francia-Aricha and others 193gsarra and others 2003).
Although the new pigments show higher stabilityhaiégard to water attack and
bleaching by S@(Escribano-Bailon and others 2001), their formatansed bluing
effects on the color of samples (Pissarra and sth@03). Meanwhile, the reactions
can be catalyzed by acids, such as hydrogen cbl@d&l), or base. Direct
anthocyanin-catechin coupling can also occur bth wimuch lower rate than through
aldehyde-mediated reactions (Escribano-Bailon d@hdre 1996).

Unlike polyphenolic co-pigments, metal ions thatilddbe present in the
anthocyanin natural media seem more rarely invoimemblor stabilization. In the
presence of some metal ions, such as nikeff\Nhagesium (Mtf), and calcium
(Ca"™), anthocyanin and flavone glycoside can form stabtpigment-metal-
anthocyanin coordination complexes (Shiono andret®@05). Aluminum (AF) and
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gallium (G&?) have been reported to strengthen the pigmentespigment
interactions leading to color changes from reddepdpurple (Elhabiri and others
1997). In food models, Wrolstad and Erlandson 8 @hd Coffey and others (1981)
found that stannous (Sn) formed pink complexes witityanidins. As the results of
the dark blue color of the metallo-phenolic complgon on damaged fruit peels,
metal ions, particularly iron (Fe) and copper (Gue most often regarded as the
discoloration contaminants (Cheng and Crisosto 1984r canned pears (peeled),
Sn-anthocyanin complex has been found to yieldlinde stable pink pigment of the
solid fraction (Chandler and Clegg 1970). Sevat@mpts have made use of metal
ions (Starr and Francis 1974; Kallio and others6)@$d co-pigments (Maccarone
and others 1985; Malien-Aubert and others 2001nRad Heinonen 2004) in
stabilization of anthocyanins in fruit juice andr@e. However, no previous work has
been reported for retaining red pigments on théspeeprocessed fruits. The real
challenges for creating stable pigments on thecaytinin-contained peels of
processed fruits include rendering the pigmentemiasoluble and heat-stable while
retaining the attractive natural color.

This study used red pears as a food model. Tlitehfag anthocyanins
cyanidin-3-glycosides as the major red pigmentdrpeels (Mazza and Miniati 1993;
Sanchez and others 2003). Specific objectivehisfstudy were to investigate the
interactions of metallic ions with red pigmentdlie peels of red pears, and to
evaluate a developed stannous-based formula faowimg water solubility and heat
stability of developed pigments on the peels ofpredrs during thermal processing.
The results would reveal a new technology for dewielg processed colorful fruit

products containing anthocyanins.

5.3. Materials and Methods
5.3.1. Materials

Eleven different types of metallic ions from diféet salts were tested in this
study. Aluminum chloride and magnesium chlorideaMfeom EMD Chemicals
(Gibbstown, NJ, U.S.A.). Ferric chloride, zinc ahdle, stannous chloride, and
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sodium hydroxyl were from Em Science (Cherry HNl, U.S.A.). Nikelous chloride,
ferrous chloride, calcium chloride, cobalt sulfatepric chloride, hydrochloric acid
(36.5 - 38.0 %), formaldehyde solution (36 %), asdorbic acid were purchased from
Mallinckrodt Baker (Phillipsburg, NJ). Manganesdéatcide was from Mallinckrodt
Baker (Paris, KY, U.S.A.). Cadmium sulfate wagrirMallinckrodt (St. Louis, MO,
U.S.A.). Monobasic potassium phosphate was fragm&i(St. Louis, MO, U.S.A)).
Tannic acid was purchased from Sigma-Aldrich (8uig, MO, U.S.A.). Cane Sugar

was from Western Family Foods, Inc. (Portland, OF5.A.).

5.3.2. Fruits
Red D’Anjou pears harvested in the 2005 seasoromhMest of U.S.A. were
purchased in March and April 2006 from local graegin Corvallis, OR, U.S.A.

Fruits were carefully selected for uniform size amakurity.

5.3.3. De-waxing pears

For promoting the interactions between the natwadpounds in the pear
peels and metallic ions, it is essential to remitveewax and partially cuticle layer on
the fruit surface (Ngo and Zhao 2005). This dedwgyprocess developed in the
authors’ laboratory was done by a continuous bebsagar grains generated by a

spry gun with sucking air of 1 atm (Ngo and Zha6%20

5.3.4. Pigment reactions with metallic ions

The treatment solutions of aluminum (Al), calciu@aj, cupric (Cu), ferrous
(Fe'?), ferric (F€%), magnesium (Mif), manganese (M), nikelous (Nf?), stannous
(Sn*?), zinc (Zr?) chloride, cobalt (C&), and cadmium (C4) sulfate salts were
prepared in final ion concentrations of 0.01 ar@@.M in a monobasic potassium
phosphate solution (0.1 M, pH of 4.5) (Table 5.A)control solution was made solely
from the phosphate buffer solution. The metabics were selected based on their
possible interactions with anthocyanins reporteth@literature (Takeda and others
1984; Cheng and Crisosto 1994). Fifty-two fruitsrevselected from two cases of
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pears with uniform red color, size, and maturiBach de-waxed fruit was randomly
assigned to a solution of 300 mL and immersed 5omin before being drained in an
air flow of about 30 m/min for about 5 min. Colalues of the samples were then

measured. A completely randomized design withplaations was implemented.

5.3.5. Development of stannous chloride based forrau

Based on the results from the above described leatal tests, Sn resulted in
promising purple-red pigments on treated pearswdy¥er, the purple-red pigment of
Sn treated pears was not well retained, and tumedrown after heat treatment in
water, although no pigments leaching was obserite@ddition, the resulting pigment
is more purplish than red, showing difference fritv@ natural red appearance of
pears. Hence, further efforts were made to impthedahermal stability of the
pigment and shifting the pigment toward natural pedr color. Pizzi (1994)
described a formulation of resin adhesive by usghehol-formaldehyde
condensation for mending cellulose structures toggesuch as wood. Our initial
assays used tannic acid as a source of phena@ad¢bwith formaldehyde and
hydrochloric acid to catalyze the reactions. rglary results suggested that treating
pears in a tannic acid — formaldehyde — hydrocblacid solution with the addition of
Sn ions helped to create red-purple water insolplgments on red pear peels that
were not depleted or destroyed after a mild thetneatment. Further efforts were
then made to refine the formulation and to deteentie preparation procedures and
reagent concentrations for best retaining the rgoh@nts. The formulation developed
for sample preparation has been filed for a papptication (Zhao and others 2007)
and is described as: To make 525 ml of the form08 ml of 1% tannic acid
solution, 100 mL of formaldehyde, and 25 mL of Hels mixed together. Tannic
acid solution was previously prepared by adding D® tannic acid in 1 L of
deionized water and stirring until homogeneity.s&#hon the observation, at least 4 h
is necessary for the reactions of phenols fromitaacid with formaldehyde at room
temperature before accumulating resulted produtisis, the mixture was set for
about 4 h 30 min at room temperature, and stancldloside was then added into the
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formula to make a final Sn ion concentration of0L.® M (~200 ppm). The mixture
was let stand for another 1 h before use.

For treating the pears, individual pear (~120 g) imasersed in the formula (~
400 mL) for 4 min. The same solution was consegeltiused for twelve de-waxed
pears. After treatment, pears were set on a adkain and dry by flowed an air flow
rate of about 30 m/min for about 10 min, and stangolastic bag for 2 hours in a
refrigerator. The pears were then washed in calttmand drained again. The middle

4 treated pears were used later for the investigaf water solubility of the pigments.

5.3.6. Water solubility test

To investigate the water solubility of developedpigments, individual pears
previously treated in the formula solution was gatknd sealed in 1 L of glass jar
(Olshen’s Bottle Supply, Co., Portland, OR, U.S#lg¢d with deionized water at 5
°C for 24 h. One of the 4 treated pears was ranglsaiected after storage for 3, 6, 9,
or 24 h for color measurement and the solutiongwsed for the determination of
soluble anthocyanins and brown compounds. Forgpiregpthe water for the test,
distilled water was filled into glass jars, andledgars were heated to boiling in a
steam kettle for removing oxygen presented in thtew The jars were then cooled to
room temperature and kept chilled in iced water onght. Immediately before water
test solubility, ascorbic acid was added into wadenake an ascorbic acid
concentration of about 0.5%, approximately pH valfi®.1. The purpose of this pH
adjustment is to prevent browning reaction and afizl growth of pears during the
test. Non-treated pears were used as controlghich de-waxed pears were
immediately packed in a 0.5% ascorbic acid solytstored at 3C, and sampled
within 24 h as done with treated pears. A splitglompletely randomized design
with sampling hours as subplots was applied. Taemsolubility test was replicated

4 times with treated samples and twice with thetrobdn

5.3.7. Thermal stability test
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After treatment in formula solution, 12 treated ygea@ere drained, washed
with distilled water, and drained again. To evéduhe thermal stability of developed
co-pigments in treated pears, 6 pears were usedyich 2 were randomly selected
from the first 4 of 12 treated pears (Early) or tlext 4 (Middle) or the last 4 (Late).
Different stages of treatment were investigatedrtderstand whether the developed
formula can be reused, and if so, how many timedividual pears were thermally
processed at 73 £€ for 7 min in a cylindrical chamber (20 cm dianmmet&0 cm
length) designed in our laboratory with steam perttly flowing-in through the
bottom and out through a bell-shaped lid. Basedwmpreliminary study, a
temperature of higher than 80 under the steam would damage the peels of treated
pears, thus 72C for used in this test. The temperature insigecttamber was
maintained by changing the flow rate of the steapui. After steam-heating, pears
were transferred to another chamber under vacuesspre of 150 mmHg (Model
0211 P204; Gast Mfg. Corp., Benton Harbor, MlI, B.pand cooled to room
temperature in about 40 min. This procedure igs&ary to control oxidation of the
peels of hot pears. Pears were then washed by aradedrained before further
assessment for color. Control samples were prdgaliewing the same procedures
except for treatment in a 5% HCI solution instebdsng the formula described
above, and an immersing time of 1 min. HCI waslusecontrol samples for
controlling enzymatic browning reaction and cregittinpH condition alike that of
treatment solutions. A split plot completely randped design with the stage of
immersion solution (Early, Mid, Late) as subplotssmapplied. The thermal treatment
was conducted 4 times for treated samples andaientr

After steam-heating, individual pears were hotfilinto glass jar filled with
10 °Brix cane sugar solution and subjected to heatgsging at 94C for 7 min (a
simulation of commercial canning process of pefnspbserving color stability of

pears during storage at ambient condition.

5.3.8. Color measurement
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A Hunter LabScan Il spectrophotometer (43.2 mm ei@mview area, 0/45
geometry, D65 light source, 10iew angle) was used to measure the color of fruit
samples. For color reading, fruit was placed imsidjlass cell (130 mm in diameter x
50 mm in height) with the reddest area facing itjetlsource. Sample was covered
by a black box to prevent light leakage. Samplerowas reported in CLEL*C*h

color values.

5.3.9. Analysis of soluble anthocyanin and browningdex

The anthocyanin content and browning index of testater solutions at
different sampling times during pigment water sdltjbtest was determined using the
pH-differential method at maximum peak of 512 nrd absorbance at 420 nm of
bisulfited-treated solution, respectively (GiustdaWNrolstad 2005). Results were
expressed as absorbance per mL of water. Samgdtralabsorbance was performed
on a Shimazu UV160U spectrometer (Shimazu Corpotdcydapan) with 1-cm

disposable cells.

5.3.10. Experimental design and statistical analysi

Specific experiment design for each experiment dessribed above.
Statistical analysis was performed using the SAStiSical Analysis System Institute
Inc., Cary, NC, U.S.A.). Multifactor analysis cdwance and differences between
means were tested for significance by using GLMedoire with Duncan test, using a
level of significance oP < 0.05. For comparing the effects of metallic vaith
controls, a least square difference (LSD) one-walitipile mean comparison was

performed by use of GLM procedure.

5.4.Results and Discussion
5.4.1.Effects of metallic ions

The results of color measurement for metallic-i@ated samples and the
control are presented in Figure 5.1. L* valuegrefited samples, control, and fresh
pears were found not significantly different (P>%).0n a range of 25 to 30), thus
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were not reported here. Hue angle values of thmokss reacted with Sh Fe?, or

Fe" were significantly different from that of the camitand fresh pear (P< 0.05)
(Figurela), showing a yellowish color (Figure 5,Zajggesting interactions between
these metallic ions and phenolics in pear peelwoi@a values of the samples treated
with Fe"® were close to zero (Figure 5.1b), representingekixolor of the samples
(Figure 5.2a, b). These findings support the teseported by Cheng and Crisosto
(1994) on peach and nectarine peels that ferrossawary effective discoloration
agent. This “inking” effect was not only restridte the pear peels which were
originally dominated by red pigments, but also lo@ whole de-waxed fruit surface,
indicating that ferrous reacts with other phenaiicthe peels beside anthoycanins as
described in the study by Cheng and Crisosto (168#&valuating iron-polyphenol
complex formation in fruit model. Although samptesated at high level of Al,

Fe", and ZA? (0.01 M) showed hue values as low as c.a. 25.8, 2hd 24.4,
respectively, representing a promising red (Fidula, Figure 5.2b), the pigments did
not stay on the peels, but quickly leached intostblation during a water-test as
described below. Pears treated witiC&a'?, Co?, Mg™?, Mn*?, or Ni*? did not

show changes in any L*C*h color values compareth&control (Figure 5.1).
Treatment with Cu did not change hue angle valugielded a significant lower
color intensity as reflected in the color diagrdfg(re 5.2a), indicating significant
loss of anthocyanins. Previous studies reportatittte presence of Cucan
accelerate the formation of,8, from ascorbic acid available in fruits, this |atteen
reacts with anthocyanins resulting in their destaunc(Shrikhande and Francis 1974;
Jackman and Smith 1996). Between the 2 levelestét metallic ion concentrations,
the higher level (0.01M) of most tested metal iditsnot yield significant difference
in pear color (P>0.05) (Figure 5.1), except fof°’ACd™, Fe?, Fe®, and zd?, in

which samples treated with high concentration net@dia lower hue angle value than
those in low concentration (Figure 5.1b). Basedhisiresult, the low concentration
of approximately 0.001M metallic ion was used ia fimal formula development as

described in the materials and methods.
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After reactions with SH, the surface area of the pear peels turned infolgu
color where the peel areas were originally domishéered anthocyanins. This
purple pigment did not leached out during long kafrwater test. Moreover, the
white flesh pear tissues did not show any colongkaas appeared on samples reacted
with some other metallic ions. All these sugghat einthocyanins on the red pear
peels form water insoluble co-pigments with starmnodence, stannous can be a
potential reagent to stabilize anthocyanins on peats, thus selected to formulate the

pretreatment solution for red pigment retention.

5.4.2. Water solubility of developed co-pigments opear peels

After pretreatment in developed formula, pears weashed and subjected to
water test for evaluating water solubility of dey@d co-pigments on the pear peels.
During the water test, the control showed signifidacreases in L*, C*, and’h
values, reaching 37, 29, and 58, respectivelyaetid of 24 hr (Figure 5.3). Changes
of these color values represented decrease ings@mel increase in yellowness.
Compared to the dark red color of de-waxed frestipf@ *= 32, C*= 26.8, h=
28.7), the bright yellow color of the control aetand of 24 hr water test indicated the
complete loss of red pigments from the peels. kéntihe control, treated pears did not
show significant changes in color values duringaidn of water test (Figure 5.3),
where the hue angle value of treated samples wasg @b, representing a red color at
the end of 24 h water test.

The tested water was initially colorless, but turmed after 24 hr of immersion
of control pears as showing in the spectral ab&ormiurve with an absorption
maximum at ~510 nm (Figure 5.4a), coinciding witattbf cyanidin-glycoside
reported by Jurd and Asen (1966). The anthocyemrtents in tested water were
0.039 and 0.245 (Abs unit/ mL) for treated and odrgamples, respectively (Figure
5.4b), indicating that leach of anthocyanins froeated samples is significantly lower
than that of control. In addition, the amount ofreocyanin detected in water solution

from treated samples did not change significantdyrd) the last 21 h of the test
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(Figure 5.4a). These results coincide well witishanged red color detected by
measured color values of treated samples during/étter test (Figure 5.3).

The browning index of the water test solution wittated and control samples
did not change significantly during the water {@3gure 5.4c). This may be partially
attributed to the low pH value (3.1) of the solatend the use of ascorbic acid that
successfully controlled the browning reactionstenftuit. In addition, it is well
known that the available oxygen level determinesahthocyanin stability (Kallio and
others 1986; von Elbe and Schwartz 1996). Usinlgthavater as well as complete
filling of the bottles helped to limit the presermeoxygen, contributing effectively to
delaying the degradation of anthocyanin.

Compared to the purple water-insoluble complexregtment with stannous
alone (0.01 and 0.001 M) (Figures 1 and 2), theelbged formula composed of
stannous (0.0016 M), hydrochloric acid (5% in vo&)ntannic acid (1% in weight),
and formaldehyde (20% in volume) was effectivergating water-insoluble red
pigments on pear peels (Figure 5.3). Multiple tegthout using stannous in the
formula failed to create a water-insoluble formpa@ments. Hence, stannous is one of
the key elements to stabilize red anthocyaninseam peels. However, the exact
compounds in the formed co-pigments are unknowdditfonal studies have been
conducted by the authors to understand in morendbptchemical reactions and to

guantify the formed compounds.

5.4.3. Thermal stability of developed red pigmentpear peels
Figure 5.5 shows the results of color measurenwritéated pears and control

before and after steam-heating. After heatindptfigss and hue angle values of the
control (c.a. 32.5 and 26, respectively) were $igamtly increased (c.a. 36 and 37.5,
respectively), representing the loss of red cotat development of dominant yellow
color on pear surface (Figure 5.5a, b). The Idssacolor can be attributed to the
thermal lability and oxidation of anthocyanins ahgriheating proces&), Unlike the
control, the lightness and hue angle values offearld middle-formulated pears did

not change significantly after heating (Figure 5Ihaalthough the chroma values
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were significantly reduced from c.a. 26 before imgato less than 20 after heating
(Figure 5.5¢). These results support the visuaéolation that treated pears retain
attractive red color after heating process. Howebve late-treated pears showed a
significant increase in hue angle value from c8atdl27 after heating, suggesting a
color change from red toward yellow and a consiolertoss of red pigments
compared to that on early- and middle-treated pe&@inss indicates that the developed
formula can’t be reused for too many times withalss in the effectiveness of the
treatment. It was also found that control of oxygering steam-heating is critical for
retaining the pigments (data not shown) as oxygeneasily oxidize the pigments.

Figure 5.6shows the pear after further thermally processtragdC for 7 min
in glass jars filled with 10Brix sugar solution. Treated pears retained réoraven
after 6 month of water storage at ambient conditiBlowever, samples that omitted
steam-heating showed a yellow appearance (resatltshown), indicating that a mild
heat treatment before canning process may be aswgestep for stabilizing the
pigments.

This study used red pears as a model food systewvalaate a developed
formula as a pretreatment to retain red pigmenthersurface of thermally processed
fruits. Two major challenges associated with retegj anthocyanin red pigments were
overcome: water solubility and heat stability. ®esdemonstrated that the developed
formula and procedures successfully created a abpbore that can stay on the
surface of pears during thermal process in aqusolusion, thus providing great
potential for retaining red anthocyanins on proeds®d fruits, such as cherries,
plums, and peaches.

The developed formula and procedures are usegaxassing aid and
pretreatment, respectively, thus the functionatedgents/reagents in the formula used
in the pretreatment are not included in the fipiaduct processing stages. All the
ingredients used are food graded except formaldehitence, the residual of
formaldehyde may be a concern for commercial apgtio of this technology. The
inhalation of formaldehyde has been shown to haveirmogenic and probably
neurotoxic impacts (NIOSH 1981; Pitten and oth€&@®. However, the weight of
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evidence indicates that formaldehyde is not cagena by the oral route (FPTCDW
2003). Formaldehyde has been shown to cause mecaiple health risk from
consumption of cheeses made using formaldehydmaelel (Restani and others
1992). The European Food Standards Authority thcegported that the presence of
low-level formaldehyde in gelling agents like cgeanans and alginates does not
pose a threat to human health (Scientific-Panel-2B06). It was estimated that
exposure to gelling additives containing residoahfaldehyde at the levels of 50
mg/kg of additive would be of no safety concerni¢8tfic-Panel-AFC 2006). An
ingestion of formaldehyde in drinking water for tyears caused only stomach
irritation in rats in several studies, particulaakyhigher doses (FPTCDW 2003).
Tolerable Daily Intake (TDI) value of 150 micrografig body weight is set by the
World Health Organization (WHO) for drinking watedrdowever, under certain
conditions of exposure, potential carcinogenic hdiaasociated with the ingestion of
formaldehyde can not be eliminated (Liteplo anceadl2002). Another possible
safety concern is the presence of Sn in the fidiglreduct. Stannous chloride,
commonly known as tin (1l), is normally found inrceed foods due to dissolution of
the tin coating or tin plate used in tin platedjaered or un-lacquered containers
(Howe and Watts 2005). The U.S. Food and Drug Aubtriation (FDA) has
temporarily amended the standard of identity fomeal asparagus to allow stannous
chloride on the list of optional ingredients wittetprovision that the concentration of
stannous chloride in the product be no more thapp3d (FDA 2003). A use of 200
ppm of Sn or 337 ppm of stannous chloride in thestigped formula treating only the
exterior of the fruits would most likely yield adoSn™ content in final product. In
this study, formaldehyde and stannous chloridauaegl as pigment stabilizers, critical
functional ingredients for helping retain the regnpents on the surface of the pears.
Hence, further studies are necessary to underg@ngigment complexation process,
to measure the residual in finished products, tonope the formula to minimize its
use and remove the residual from the outside layfdrsiit peels, and to find potential

replacement of formaldehyde if necessary
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5.5.Conclusion

This study demonstrated that an aqueous formulstitoted of stannous,
formalin, hydrochloric acid, and tannic acid formstallic-phenolics complexation
and creates a new red co-pigment on pear peelsthihly water insoluble and heat
stable. Such pigment is excellent for processddrrats and vegetables. Although
the exact nature of the newly formed adducts @teisknown, stannous was found to
be the key component in the complexes. The corapitaxdid not yield a purple
color or discoloration as found when treating pedth stannous or with other metal
ions alone, suggesting that metallo complexatiasiwing on the pear peels depend
on the presence of other compounds besides metalndhe environment.
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Table 5.1 - Conditions of metallic ion solutions wed in the evaluation of metallic
ion reactions with de-waxed red D’Anjou pear$

Metal ion Salt pH after 15 min
source immersion
Al AICl, 4.17
Ca’ CaCb 4.32
Cd* CcdsQ 4.37
Co' CoSQ 4.88
Cu'? CuCh 4.54
= FeCl 4.69
Fe FeCl 4.63
Mg*? MgCl, 4.5
Mn*2 MnCl, 4.56
Ni*2 NiCl, 4.59
Sn? SnCh 4.03
Zn*? ZnCh 4.88

#Metallic ion solutions were prepared by dissolviragious salts into buffer KiPO,
0.1 M adjusted to pH 4.5 by use of hydrogen chirath a ion concentration of
0.01M.
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Figure 5.1 - CIEL*C*h color values of red D’Anjou pears immersed in 0.01M or
0.001M metallic ion solutions prepared in phosphatéuffer solution with a pH of
4.5 for 15 min. Control: Buffer solution (monopotasium phosphate, 0.1 M, pH =
4.5). Al: aluminum; Cd: cadinium; Ca: calcium; Co: cobalt; Cu: cupric; Fe**
iron divalent; Fe*?: iron trivalent; Mg: magnesium; Mn: manganese; Ni: nikel;
Sn: stannous; Zn: zinc.
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0.1 M, pH = 4.5). Al: aluminum; Cd: cadinium; Ca: calcium; Co: cobalt; Cu:
cupric; Fe*? iron divalent; Fe** iron trivalent; Mg: magnesium; Mn:

manganese; Ni: nikel; Sn: stannous; Zn: zinc.
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water test. Treated: De-waxed pears were treateeh ian aqueous formula
composed of water, formalin, HCI, tannic acid, andgtannous chloride for 4 min
before immersing in water solution containing 0.5%of ascorbic acid (pH~3.1) at
3°C. Control: De-waxed pear immersed in water solutio containing 0.5% of

ascorbic acid (pH~3.1) at 3C.
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(pH~3.1) over the time of storage at 3. Treated: De-waxed red D’Anjon pears

were treated in an aqueous formula composed of HOilannic acid, stannous
chloride, and formalin for 4 min before water-test.Control: De-waxed pears

without treatment.
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Figure 5.5 - CIEL*C*h values of treated red D’Anjou pears and the control
samples before and after steam-heating at 78 for 7 min. For the treatment,
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Figure 5.6 - Thermally processed red Starkrimson per after storage in glass jar
for 6 months at ambient temperature. Pear was pregated in the developed
formula, steam-heating at 74C for 7 min, cooled to room temperature, hot-filled
into a glass jar, and thermally processed in 1€Brix cane sugar solution at 94C

for 7 min.
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CHAPTER 6

Stabilization of Anthocyanins in Thermally Processd Red D’Anjou Pear Peels

through Stannous-Anthocyanin Complexation and Crodsking Polymerization

Thao Ngo and Yanyun Zhao*

* Dept. of Food Science & Technology, 100 WiegarallHOregon State
University, Corvallis, OR 97331-6602, U.S.A.
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6.1. Abstract

De-waxed Red D’Anjou pears were treated in formadateatment solutions
containing tannic acid, formaldehyde, stannous,(&mj hydrochloric acid (HCI) that
were prepared either immediately before applicabioa h earlier. Treated pears were
drained off the excess solution, steam-heated &E78r 7 min or not, hot-filled in
water and processed at @ for 7 min. Interactions between Sn and/or HCI peell
phenolics extract were assessed by use of a sphotmneter. The effects of setting-
time of the formulated solutions before applyin@irange of 4 h and the time of Sn
addition into the solution (0, 1, 2, or 3 h) on gfdymerization capacity of the
solutions were investigated by monitoring the hiazmation of the solutions using a
ColorQuest sphere spectrophotometer. Aqueous aeetdract of the peels from fresh
and treated pears at major processing steps (inonesieam-heating, and canning)
were subjected to HPLC qualitative analysis on phes and anthocyanins. The total
phenolics (TP) and anthocyanin content (ACN) offgkels were measured by Folin-
Ciocalteu assay and pH differential method, respelgt Polymerization in the
solution matrix was influenced by the compositisetting-time, and the time of Sn
addition into the formulated solutions. The usel@feloped solution treatment with
steam-heating prior to canning showed its capacifix and stabilize anthocyanins on
the pear peels, most likely through the developroéatcrosslinked matrix and Sn-
anthocyanin complexation. Cyanidin 3-galactosidgetber with chlorogenic acid,
epicathechin were the major anthocyanin and phen@spectively, identified in pear
peels. No major newly formed anthocyanins or siplaéinolics were detected in
treated pears. Peels of immersed, steamed, anda@ears had TP of 21.7, 40.5, and
90.7%, respectively, lower than that of fresh pesels and ACN of 34.3, 62.8, and

98.3%, respectively, lower that that of fresh peels
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6.2. Introduction

Cyanidin 3-galactoside is a major anthocyanin raside for the red
appearance of red pear cultivars (Mazza and Mit2@i3; Dussi and others 1995).
This type of glycoside is extremely unstable aneasily destroyed during thermal
processing and storage, resulting in loss of rgebarance and/or browning. Several
mechanisms of anthocyanin stabilization have beepgsed, including
copigmentation with other phenolics, chemical tfarmeation mediated or not by
aldehyde, complexation with metal ions, and incaapon of anthocyanins into
aggregates (Lima and others 2002). Among thesdattee has been found to be very
effective in preparing highly thermal stable regments in non-food application area
(Kohno and others 2007). Anthoycanins incorporateeimbedded in macromolecule
aggregation or matrix is believed to be stabilibgdain environmental protection
provided by the host, preventing the pigments freaer attacks. Recent researches
on mature anthocyanin-rich plant cells have a dlbiaclusion possibly made of
proteins to stabilize anthocyanins in synergy witicking and copigmentation
phenomena (Markham and others 2000).

In our previous studies, stannous (Sn) has beerdftube a good chelating
agent for stabilizing and fixing pear anthocyanmgear peels. However, the
complexation was not highly heat stabilized andtobshe created purple pigments
were destroyed during typical canning process.mpiis have been made to use tannic
acid, formaldehyde, and hydrochloric acid in therfolation to stabilize the pigments.
The results of our preliminary study suggested démappropriate formulated solution
containing these four active components combinéld avigentle heat process is
helpful to improve the performance of stannous.

In wood science, aggregates or resins are artlfici@ade from phenolic
source and formaldehyde. Being a phenolic, tantidsgFigure 6.1) are known to
condense initially with formaldehyde in the presep€either acid or alkali to form a
phenolic alcohol, and then dimethylolphenol. Theosel stage of the reaction
involves the reaction of the methylol group withert available phenol or
methylophenol, leading to the formation of polymensthe presence of bivalent metal
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ions at the second stage, polymerization occuasnatich higher rate than that of the
process with conventional acid or alkali cataly8izzi 1983a).

Our hypothesis is that treating de-waxed pears stahnous, anthocyanins are
fixed and become water-insoluble but not heat-btaoi. The resin supplied by a
formulated solution composed of tannic acid, foealyde, and hydrochloric acid
will synergy the effects of stannous and form armab enhance the stability of Sn-
anthocyanin complexes.

The objectives of this study were to evaluate thigmerization capacity of the
formulated solutions composed of Sn, formaldehyal®yic acid and hydrochloric
acid and the interactions between pear peel premaltid the compounds in the
formulated solutions, to investigate the thermab8ity of red pigments in pear peels
through complexation and catalysis with Sn, forrehlgle, tannic acid, and
hydrochloric acid, and to determine the amount@ndposition of phenolics and
anthocyanins on the pear peels during major praggsseps of immersion, steam-

heating, and canning by use of HPLC and spectrakorement methods.

6.3. Materials and Methods
6.3.1. Materials

D’Anjou red pearsRPyruscommunid..) were purchased from a local grocery
store in Corvallis, Oreg., U.S.A. Cane sugar wamfiC&H Sugar Company
(Crockett, Calif., U.S.A.). Pears were de-waxedibg of a sugar spraying system as
described by Ngo and Zhao (2005) (Ngo and Zhao Ra0femove the wax layer on
the top of the pear peels.

Tannic acid (TA) from Chinese natural nut gallslifr&€iocalteu’s phenol
reagent (FC), gallic acid, and sodium carbonateweétained from Sigma Chemical
Co. (St. Louis, Mo., U.S.A.). Hydrochloric acid (H@36.5 - 38.0%) and 36 %
formaldehyde solution (Formaldehyde, FL) were pasgd from Mallinckrodt Baker.
Stannous chloride (Sn) was from Em Science (CheiltyNJ, U.S.A.).
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6.3.2. Preparation of treatment solutions

The treatment solution was formulated based orpaeliminary studies
containing tannic acid, formaldehyde, and HCI solutvith the addition of Sn ions
(Chapter 5). The initial formula was modified fraganeral reaction conditions to
create resin from phenolics and formaldehyde pteddn the documentation of wood
adhesive, such as described by Tahir and othe@2]ZTahir and others 2002).

To make 525 ml of the solution of 4 components, #00f 1% Tannic acid
(TA) solution, 100 mL of Formaldehyde (FL), andr2k of HCI was mixed together.
TA solution was previously prepared by adding 1 §A in 1-L of deionized water
and stirring until homogeneity. Sn was added deckht times to make a final Sn ion
concentration of 0.0016 M (~200 ppm). Based on oelipinary study, the
formulated solutions need to be allowed to letdtainroom temperature for a couple
of hours for developing a full capacity of retaigired pigments on processed pears. In
this study, the solutions were first allowed tanskdor 3.5 h before adding Sn, and
then set for another Y2 hr before treating the pamples. This formula was thus
named as “Sol-4h” as the total reaction time waswhile “Sol-Oh” stands for
solutions that were used right after all reagergsawnixed together. Table 6.1 lists the
other six treatment solutions prepared from diffié@mbinations of the reagents.
Other than the Sol-4h solution, all others weredusemediately after the reagents
were well mixed.

For treating the pears, an individual whole ped2(0-g) was immersed in the
formula (~ 525 mL) for 30 s, labeled as “immersedrpéthroughout this manuscript.
Pears were set on a rack to drain and dry withrdifoav of about 30 m/min for about
4 min before two more immersion-drying cycles. Baene solution was consecutively

used for four different pears.

6.3.3. Thermal processes of pears
6.3.3.1. Steam-heating

Individual whole pear was thermally processed at A3C for 7 min in a
cylindrical chamber (20 cm diameter x 30 cm lengl#igned in our laboratory with
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steam flowing upward from the bottom through thamber and out through a bell-
shaped lid. The temperature inside the chambemeastained by adjusting the flow
rate of the steam input. After steam-heating, peare transferred to a closed
chamber which had the inlet and outlet for nitrogas to come in from onside to cool
the product and exit at the other side. The gag flas kept continuously under a
pressure of c.a. 100 mmHg. The fruits were coatedddm temperature within 30
min. In processing sliced pears, the cooled pears sliced into chunks before being

canned in the next step.

6.3.3.2. Canning processing

A modified canning procedure for green pears wasl (5lgo and Zhao 2005).
Previously steam-heated or unheated pears weesl sied hot-filled with boiling
water in 300-mL Mason glass jars (Olshen’s Bottip@y Co., Portland, OR,
U.S.A)). The jars were sealed and immersed ifCwater in a 60-L steam kettle for 7
min before cooling to room temperature. Anothercdéhe samples were prepared in
the same way except that they were steam-heaf#@&tbefore slicing and canning.

Similarly, whole pears were processed in 1-L gjass

6.3.4. Polymerization of formulated solutions
6.3.4.1. Haze measurement and polymerization

Light going through a solution containing largeessoluble molecules can be
scattered, which gives a “haze” perception of thlat®n. In the literature, haze
measurement by spectral methods has been founadl tsellescribe the degree of
polymerization in a solution since haze formatieertime reflects the relative
changes in size and concentration of particlessolation (Morris 1987; Siebert
2000). Haze concentration was thus used in thesareh to describe the formation of
polymers in the formulated solutions with and withaddition of pear peel extracts.
the measurement of transmission haze was perfoomedColorQuest HunterLab
Spectrophotometer (Hunter Associates LaboratonesReston, Va., U.S.A.) by using

a 2-mm length cell. The results were reported ncgetage haze.
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6.3.4.2. Formulated solutions

The haze of three formulated solutions (3, 5, amdBable 6.1composed of
various combinations of Sn, HCI, FL, and TA was sugad every hour over a time
period of 4 hours. A similar approach to make thletsons described for preparing
Sol-4h was applied in which water was used to m@pény missing reagent to make a
final volume of 525 mL of formulation. Reaction #nstarted immediately after the
reagents were mixed together. Four other formuththa same composition as that of
Sol-4h but the time when Sn was added was diffeaerting the formula, i.e., at the
same time as HCI, FL, and TA were mixed togetheatd, 2, and 3 h of setting time.
The haze of formulated solutions at zero hour tivas measured at the moment of
mixing of HCI, FL, and TA.

6.3.5. Compositional changes of phenolics in the gle of treated pears and
interactions between pear peel phenolics and seledtreagents in formulated
solutions
6.3.5.1. Peel sampling

Pear peels were manually removed from fresh, imaetgisteam-heated, or
canned pears by use of a knife and immediatelyefrom liquid nitrogen. It is believed
that the very exterior part of the peels, “top-prpeels”, had direct contact with the
reagents in the formulated solutions, thus this glthe peels should receive a close
monitoring for changes. However, any attempt teasase the peel top from its bottom
part was not successful on thermally treated pdémss, all heat treated pears
(steaming, canning) were sampled as “whole pebki.separate effort to look at the
composition of the soft tissues rich in red pignsettie top of the peels was gently
scaled to remove the red tissue from the freshrantersed pears.

The collected samples were immediately freeze-drieter a 100 mmHg
vacuum pressure for 48 h by use of a Consol 4.8 Mittis Company, Inc., Gardiner,

NY., U.S.A)). Freeze-dried peels were ground irdavgers in liquid nitrogen by use
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of a blender (Waring Products, Model 34B97, Dynan@orporation of America,
New Hartford, Conn., U.S.A.).

6.3.5.2. Extraction of phenolicsAbout 2 g or 0.5 g of whole peel powders or top-
part peel powders, respectively, was mixed witm0of aqueous acetone (30:70
v/v). The mixture was sonicated, centrifuged, dreldupernatant was collected.
Three additional extractions of the residue withexmus acetone were done.
Supernatants were combined and partitioned witmb®f chloroform and
centrifuged for better separation between the acgamd aqueous phases. The
aqueous phase containing anthocyanins was recoaatettansferred to a
rotovaporator to remove residual acetone at 40'h€.extract was diluted with MillQ

water to 25 mL and stored at — %S until analysis.

6.3.5.3. Interactions between peel extracts with Sand/or HCI and with the
formulated solution

To assess the individual interactions between Sl and peel phenolic
extracts, the individual reagent in its concentidtem was added to the extracts. A
10 mL of pear top peel extracts was mixed withexi?00 ppm of Sn or 1 or 5% (v/v)
HCI. The haze and spectral visual light absorbaricke solutions were measured
immediately after mixing. To address the interatdibetween the formulated solution
as a whole and peel phenolic extracts, the extvastadded to the formulated solution
and, in order to avoid excessive dilution of therfala, the extract:solution ratio was
controlled at 1:15. Two mL of top peel extract vaalsled into a 30 mL of formulated
solution. Sol-Oh and a solution composed of HCI Bhdvas used. The latter solution
was prepared in the same way as preparing Sol-H0tiobexcept replacing tannic
acid volume with deionized water. The haze pergentd the latter solution and that
of two control solutions prepared without an adulitof extracts were monitored
during a time range of 20 min. The Shimazu UV16@dctrometer was used to
measure the light absorbance in the range fronm#9@ 700 nm with a 1-cm
disposable cell. The results were reported in ddzswe unit.
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6.3.5.4. Analysis of total monomeric anthocyanin®ACN) and total phenolic
content (TPC)

Aqueous extracts were diluted to a known volumé w#ionized water. The
total anthocyanin content was determined by udwegoH-differential method
described by Giusti and Wrolstad (2005) (Giusti sviabistad 2005). The ACN was
expressed as mg of cyanidin 3-galactoside/g ofidriaterials. A molar extinction
coefficient of 29,900 L/ cm (Giusti and Wrolstad0®) and molecular weight of 449.2
were used in the calculation. The absorbance wasuned at 510 nm and 700 nm.
Total phenolic content (TPC) was determined udnggHolin-Ciocalteu (FC) assay
(Waterhouse 2005). Aqueous extracts were dilutedkioown volume with deionized
water. A 0.5 mL of diluted extract was mixed wit/h ®nL of FC reagent in 7.5 mL of
deionized water. The samples were held for 20 mima@n temperature before 3 mL
of 20% sodium carbonate (w/v) was added. The wetechsamples stood for another
20 min at 40 °C before the absorbance was meastii&@b nm by a Shimazu
UV160U spectrometer (Shimazu Corp., Kyoto, Japatt) tvcm disposable cells.
Gallic acid monohydrate was used as a standareégmeéssed as gallic acid
equivalents (GAE) in mg/g of dried materials.

6.3.5.5. HPLC analysis of anthocyanin and phenolics

Chromatographic analysis of anthocyanins was dooerding to the method
of Durst and Wrolstad (2005) (Durst and Wrolsta@2Qusing a Prodigy ODS-3
column (5um), 250 mm x 4.60 mm i.d. (Phenomenex, Torrance), Gwith
Allsphere 10 mm x 4.6 mm i.d. ODS-2 guard columiitékh, Deerfield, IL). The
analysis was performed on a Hewlett-Packard 10§QidiChromatograph (Agilent
Technologies, Palo Alto, CA), equipped with photml## array detector and Gateway
2000 P5-90 computer with Hewlett-Packard HPLC Chatims software. Mobile
phase A consisted of 100% acetonitrile, and mqiiilese B was a mixture of 1%
phosphoric acid and 10% acetic acid (glacial) (ivleionized water. Monitoring

was performed at 520 nm. The material used asaarafe sample is cranberry juice.
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The program was as follows: 0 min, 2% A; 0-25 nmedr gradient from 2 to 20% A,
25 — 30 min linear gradient from 20 to 40%, 30 188 linear gradient from 40 to
2%.

Phenolic analysis was done using a similar systéra.mobile phase A
consisted of 100% acetonitrile, and mobile phaseB a mixture of 0.07 M
phostphoric acid. The program was as follows: 0 bii#o A, O — 5 min linear gradient
from 0 to 5% A, 5 — 30 min 35%, 30 — 35 min 55% ,-339 min from 55 to 10%.

6.3.6.Experimental design and statistical analysis

A completely randomized design (CRD) was usedHerdollection of peel
samples for chemical and HPLC analysis and a pfgitCRD was used for the
studies of interactions and haze changes in tmauiations. All the experiments were
duplicated. Statistical analysis was performedgSAS (SAS Inc., Cary, N.C.,
U.S.A.). Multifactor analysis of variance was apglifor the first CRD design with
source of variance being processing extent (fiesmersing, steam heating, and
canning) and location within pear peel. Differenbesveen means were tested for
significance by using GLM (general linear modelpgedure with Duncan test, using a

level of significant ofP < 0.05.

6.4. Results and Discussion
6.4.1. Polymerization capacity of formulated solubns

Figure 6.1describes the evolution in transmission haze ofdhaulated
solutions containing formaldehyde with various camakions of other three reagents.
Formulated solution type and reaction time both $igdificant effects on the haze
percentage of the solutions (P< 0.05). There waeear increase in haze percentage
of the solutions that had both formaldehyde anditaacid together in the solution.
Without tannic acid, there were no significant alpesin the haze of the solution over
a 4 h of time period as seen in the curve of th&[HZSn solution (Figure 6.1). The
critical role of the tannic acid for haze formationformulated solution supports the

known function of tannic acid as raw material inlding phenolic based polymers or



142

macromolecules (Pizzi 1983b). Among the other tfoemulated solutions, the one
that consisted of all four reagents (HCI/FL/TA/SrSml-0h) had a high increase in
haze and that without Sn and HCI had the lowesease, while the formula
composed of HCI/FL/TA had its haze percentage betvike two of the latter
formulas. In summary, the increases in the hazeepgaige during preparation of the
formulated solutions represent the building upanfié size molecules from tannic
acid. Both HCI and Sn accelerate the process.fiidsg echoes the catalysis roles
of acid and bivalent metal ions in polymerizatidrpbenolics mediated by
formaldehyde reported by Pizzi (1983) (Pizzi 1988ased on the chemical structure
of tannic acid, there are two activatetiydroxyl positions on each unit of gallic acids
(Figure 6.2) that can participate in electrophdiomatic substitutions similarly to
phenol case catalyzed either by hydrogéritfough activation of formaldehyde or by
metal ions (Figure 6.3a and b, respectively) (P1283b). Figure 6.3c describes the
two steps of the initial process of polymerizatimtween galloyl units (Ozacar and
others 2006): the first step is electrophilic sitbgbn on ano-hydroxyl group of a
galloyl unit to form a hydroxylmethyl compound; teecond step results in a
crosslinking through a methyl bridge between thietanewly formed compound and
another galloyl unit (Figure 6.3c). Further crasising among galloyl units is expected
and results in polymerization and haze increaskarformulated solutions.

Figure 6.4 shows the dependence of transmissiom ¢fa30ol-4h solution on
the addition of Sn. The addition of Sn significardreased haze percentage in
formulated solution and the reaction time of theasih other 3 reagents was also a
significant factor (P< 0.05). This result indicatbdt preparation procedure is
expected to change the nature of formulated soldtobetter or worse. For
effectively establishing a matrix with pear peeltenals to trap the pigments, the size
of activated tannic acid, base macromolecules,dcbela determining factor. An
expectation is that if being too large the polymmeecules formed from activated
tannic acids can't easily rearrange themselvesrto trosslinking with the cell wall,
while being too small a molecule, such as init@airtic acid, don’t have long branches

to promote a good matrix.
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6.4.2. Interactions between pear phenolics with Send HCI in formulated
solutions

Figure 6.5 shows that the absorbance of pear éxtwas significantly
increased when HCI| was added, representing therttyymemic effects (increased
absorption) reported in the literature for acid ametal ions (Brouillard and others
1997). When Sn was added alovery large bathochromic and hyperchromic shifts
(increased wavelength of peak absorption of ar@ihdm), named bluing effecigere
observedFigure 6.5) as a result of the increase in thereal quinonoidal forms
accompanying metal complexation (Wrolstad 2000 purple color described in our
earlier study of Sn treated de-waxed red pearseettios finding (Chapter 5). Sn
might also complex with other phenolics in the pedracts and created large size
complexes as seen in a significantly increased pameentage of the treated pear
extracts (44%) compared to that of the untreatatpta(7.8%) (Table 6.3).

Metal-anthocyanin complex formation is known to eieg on pH (Brouillard
and others 1997). In this research, the bathoclreffect of Sn was found to be
limited or annulled if HCI was present togetherhwn. As shown in Figure 6.5, the
absorbance curve of the peel extract mixed witlarigh1% HCI shifted to a lower
range of wavelength, very close to the absorbanpesf the extract containing HCI
only. This finding suggested that the typical batiromic effect of metallo-
complexation was drastically reduced. In fact,abhsorbance curve of the pear extract
mixed with Sn and 5% HCI (data not shown) coincidenhpletely with that of the
pear extract mixed with HCI only. Similarly, theZeapercentage of the latter solution
was not significantly different from that of the 8nd HCI-mixed solution (Table 6.3).
The complexation of metal ions with phenolics imgel is thus believed to be
insignificant at highly acidic condition used iretformula (e.g. 5% HCI, v/v).
Nevertheless, the hydrochloric acid added to tle peels was expected to be
removed through evaporation and dilution duringustdneating and canning pears
after the immersion in the formulated solutionanstous might subsequently exercise
its major impact on fixing and stabilizing anthonye and phenolics.
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Figure 6.6shows that there was a rapid increase in hazemegein the
mixture of the extract added to developed formkberact+HCI/FL/TA/Sn (Sol-0h))
and in the solution composed of HCI and formaldehsiortly after the addition of
pear phenolics extracts, while the control soludiamthout the extract showed no
significant changes in the studied time periodsTihdicates that formaldehyde has
the capability to polymerize pear peels in a shertod of time. This may be
explained by the presence of various phenolicear peels, such as epicatechin and
proanthocyanidins that can participate in electilapsubstitution, reactions mediated
by formaldehyde in the presence of acid (Pizzi DJ8Bigure 6.6 shows that,
compared to the HCI/FL solutions, the presenceumhic acid and Sn in the Sol-0h
solution enhanced haze formation or the polymddnah the latter solution.
However, at which level did Sn and/or tannic acnbived in the polymerization of
pear phenolics is unclear at this point.

6.4.3. Treatment effect on the color of canned pesr

Figure 6.7shows finished sliced D’Anjou pears previously tegldin 7
different formulated solutions with 2 processingemes. The two tested schemes
were immersion of dewaxed pears in prepared formita to thermal processing by
hot-filling and canning (Figure 6.7, row A) or beam-heating prior to hot-filling and
canning (Figure 6.7, row B). The pears treatedoianmaldehyde solutions (formula
1 and 4) yielded the lightest color with little mo redness retained on the peels while
the pears treated in formaldehyde containing smisthad a dark color. Some samples
showed purple red, particularly those steam-heattied to caning (Figure 6.7, row B).
Although Sol-0h and Sol-4h treatments (formula @ @nrespectively) were identical
in reagents used in the treatment solutions, theoaghes used to prepare the
solutions were different in terms of setting timdyere Sol-4h had a 4 h of solution
setting time while Sol-Oh had none. The pictures 7 in Figure 6.7 show that the
Sol-4h in combination with steam-heating resubvétter color retention in canned
pear chunks, the evenly red purple color on theaig



145

As it has been elaborated early, Sol-4h and Saelitions might have a very
different nature in terms of molecule size andvatéd reagents. During solution
preparation and/or setting, the tannins had betvased and crosslinked together to
become larger activated molecules. When pears pesis in contact with these
activated macromolecules, specifically during imsmam and drying, the latter would
interact with phenolics in pear peels as explaeatier as well as cell wall materials
such as lignin, a phenolic-based material embeddpthnt cell walls (Nada and
others 2003). The reactions would have been aateteéduring steam-heating due to
high temperature condition leading to an intensiarix formed between tannic-
based macromolecules and phenolics and plant ralstefihe formed matrix would
trap and stabilize the anthocyanins. There wassaipitity that the cation caused
precipitation of anthocyanins and phenolics, malkirege small size molecules
become large size clusters so that they are retansede the structure. Another
possibility is that Sn can act as a link to tiehaatanin onto the matrix, since the ion
is a bivalent chelating agents that can bind t@ss\phenolic molecules at the same
time (Ozacar and others 2006). Thus, the matrixlevoat just enclose the
anthocyanins, but also link to the pigments thro8ghons.

Figure 6.8 illustrates the whole red D’Anjou (hdaStarkrimson (2) pears
treated by Sol- 4h solution and processed by stesating prior to canning. The
pictures were taken when the products had beeadstor 1 month and 10 months,

respectively.

6.4.4. Anthocyanin and phenolics content and prof in treated pear peels

Table 6.2 shows the TP and ACN in fresh and trepézd peels. For each g of
dried material, a fresh red D’Anjou pear had thghlbst TP and ACN in the top part of
the peels, 47.06 mg EPA and 2.04 mg cyanidin gadate, respectively, which were
significantly higher than 17.76 mg EPA and 0.47 eygnidin galactoside in whole
peels, respectively. This finding confirmed the grahbelief that the top layer of the
pear peels is concentrated with phenolics and ag#mns. This location, in fact,

makes it possible to manipulate the pigments throognersion pears in a formulated
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solution where the phenolic-rich part directly natets with the reagents in formula.
Compared to green D’Anjou pear peels that was teddo contain c.a. 12 mg EPA/ g
dried material, red D’Anjou having a 58% higher AiBhlights the general belief that
fruits rich in red anthocyanins have higher phenotintents.

Data in Table 6.2 also shows that simply immersinggpears in the acidic
formulated solution caused c.a. 21.7% and 34.3%ateéxh in TP and ANC,
respectively in the top peels. The TP and ACN eést-heated whole pears were
10.56 mg EPA and 0.17 mg cyanidin galactoside eesgely, while they were 1.65
mg EPA and 0.01 mg cyanidin 3-galactoside, respelgtior steam-heated and then
canned pears, a substantial loss in a range o¥@®0.7% in phenolics and
anthocyanin of whole peels of steam-heated andechpears. However, Figure 6.9
shows that the extraction with aqueous acetonedamatl dissolute and exhaust the
pigmented materials as their fibers still retaingbe chromophores after the four
extractions. The immersed pears peels, on theamgntsecome yellow white after
three extractions. The phenolics and anthocyarensdawere not completely
dissolved and the reported analysis results untiler@ed their amounts in the
thermally processed pears. The low solubility @f pfhenolics in processed pear peels
compared with that of non-thermally treated samfflesh or treated fresh pears)
suggested a formation of some physical or chenpicgkctive barriers due to thermal
treatment, specifically steam-heating.

Figure 6.10 presents chromatography analysis sesualthe anthocyanins of
peel extract of pears at different steps of prangs3 heir chromatographic analysis
results are presented in Figure 6.11. Cyanidinl&etyaside was the major anthocyanin
in pear peels while peonidin 3-galactoside waddhgest among the minor ones
(Figure 6.10a), which agrees well with previousipjished data (Mazza and Miniati
1993; Dussi and others 1995). These two anthocgamane found in significant
amount in the peels of pears after steaming (figut&c). For phenolic analysis, the
overall chromatography spectrum of fresh and tcepear peels stayed unchanged
suggesting no major changes the profile of the Empenolics (figure 6.11). Some of
the phenolic acid and flavonols reported in therditure for pear skin, such as
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chlorogenic, epicatechin, and quercetin were idiedtion the chromatography
spectrum (Figure 6.11). As no new major peaksenctiromatographic spectra of
anthocyanins neither of phenolics were observegdar peels during the major steps
of immersion and steam heating, the results ofghidy do not support the hypothesis
of a major chemical transformation of simple phe&sand anthocyanins due to
addition of formaldehyde and acidic condition. Hoee there is a possibility that the
formed compounds were in polymerized form and tiatsextractable, or detected in
chromatogram. The low values of TP and ACN would@y reflect the loss of
phenolics due to processing and ineffective extsaciAs described earlier, the
extraction for peel phenolics and anthocyaninsrotied pears was extremely poor

and hence no HPLC analyses were performed for them.

6.5. Conclusion

Treating pears in a developed formula containing @ of formaldehyde,
200 mL of 1% tannic acid, 25 mL of hydrochloricdcand 200 ppm stannous
chloride and steam-heating treated pears at a tamope about 73C have been
proved to be capable in stabilizing red pear anthoinis on the pear peels after
canning process. Exposing the treated pears tottedesat treatment was believed to
enhance the formation of tannic acid-based mathiclvin turn retained and protect
anthocyanins during canning through inclusion pinegiwon reported by various
authors (Markham and others 2000; Mulinacci an@st2001; Kohno and others
2007). A key compound catalyzing the polymerizatieactions was Sn which is also
expected to enter in complexation with phenolsamitiocyanins and to contribute in
detaining anthocyanins in the matrix. Although #snstill unclear about the nature of
the pigments retained on the finished pears sisaextiraction from the treated pears
was not effective, the current research resultgesighat they are likely unchanged in
nature but significantly reduced in amounts. Somagondisadvantages of the
formulated treatment include the color shiftingoefir anthocyanins from red to red
purple or purple and the pear peels were loosdhefruit surfaces due to the
reaction of HCI. As a phenolic resin (prepolymeah ®e prepared under a neutral
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condition and the catalysts are divalent metal {@ngani and others 2000), future
research can look at replacing HCI with organidsci
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Table 6.1 — Formulated treatment solutions with vaious combinations of
hydrochloric acid (HCI), formaldehyde (FL), tannic acid (TA) and stannous (Sn)

Formulated treatment solutions Symbols
1 HCI HCI
2  HCIl + Formaldehyde HCI/FL
3  HCI + Formaldehyde + Tannic acid HCI/FLITA
4  HCI + Stannous HCI/Sn
5 HCI + Formaldehyde + Stannous HCI/FL/Sn
6 HCI + Formaldehyde + Tannic acid + Stannot#CI/FL/TA/Sn (Sol-0h)

(Solution-0 h)
7  HCI + Formaldehyde + Tannic acid + StannodCI/FL/TA/Sn (Sol-4h)
(Solution-4 h)
8 Formaldehyde + Tannin acid FL/ITA
Notes: Formula 1 — 6 were used for treating pearsadiately after listed reagents
were mixed together, thus Formula 6 was presergé8a-0h”. For the Formula 7,
HCI, FL, and TA were first mixed and set for 3.5ahd Sn was then added and set for
another 0.5 h before used for treating pears, septed as “Sol-4h”.
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Table 6.2 — Anthocyanin and phenolic contents in #hpeels of fresh and treated
pears at different processing steps

Mono-anthocyanin

Samples Pears nl]:’heEré)'IAi\;:é mg cyanidin 3-
9 galactoside/y
Toppartof 47.06 +0.84 2.04 +0.08
the peelS
Peeld Fresh 17.76 + 1.16 0.47 +0.05
Top part of Imm(_ersed in formulated 36.85 + 5.07 134+0.19
the peels solutiorf
Peels Steam-heated after 10.56 + 0.74 0.17 + 0.04
immersior

Peels Steam-heated, then 1.65 + 0.04 0.01 + 0.00

canned after immersibn

" Pear peels were de-waxed before analysis. Meatentlard deviations derived from
2 replications with a combination of 4 pears p@fication. Means within the same
column followed by the same letter were not sigaifitly different (LSD test,
P<0.05).

®Top part the peels: only the first layers consgstnft tissue on top of the peels of
dewaxed pears are sampled.

PPeels: the peels consist both the pigment richager and the hard epidermal cells.
Some of the adjacent flesh tissue was also sampisther (hypodermal layer).
“Pears were de-waxed with peels-on.

dPears were de-waxed, immersed in Sol-4h and drained

®Pears were de-waxed, immersed in Sol-4h, draimetisieam heated at 7G for 7
min.

"Pears were de-waxed, immersed in Sol-4h, draiiednsheated at 7& for 7 min,
and canned at ¥€ for 7 min.

9 Anthocyanin content was expressed as mg of cyaBigjlycoside/g of dried sample.
"Phenolic content was expressed as mg equivaldit geid (EGA) /g of dried
sample.
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Table 6.3 — The haze percentage of pear extracts i mixed with stannous and
hydrochloric acid

Formulated Hydrochloric ,
Stannous . Haze concentration
treatment (pm) acid (%)
solution P (%, VIV)
1 0 0 7.76
2 200 0 44.42
3 200 1 17.92
4 200 5 10.56
5 0 1 9.52
35
20 —e— HCI/FL/ITA/Sn (Sol-0h)
_ HCI/FL/TA
S 25 —e—FLTA
% —— HCI/FL/Sn
< 20
5
& 15 |
£
(2]
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Figure 6.1 - Evolution in haze of various formulate solutions composed of
stannous (Sn), hydrochloric acid (HCI), formaldehye (FL), and/or tannic acid
(TA). A solution of 525 ml of HCI/FL/TA/Sn (Sol-Oh)was made by mixing 400 ml
1% TA solution, 100 mL FL, 25 mL HCI, and 0.0016 MSn together. Other
solutions were made in the similar way by replacinghe missing reagents with
water to make a final volume of 525 mL. Reaction the started as soon as the
reagents were mixed together.
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Figure 6.2 — Structure of tannic acid (gallotannin) It is a polygalloyl glucose (a):
a penta-o-galloyl-p-D-glucose attached other galloyl groups (b). Eaatalloyl unit
has two free activated sites on the ring (c).

Modified from (Whiting 2001)
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Figure 6.3 - Crosslinking formation between aromat: rings through two steps: electrophilic aromatic gbstitution and
condensation. Phenolic crosslinking formation betwan phenols catalyzed by proton H(a) and divalent metal ion (b) with
formaldedhyde as a crosslinking agent and crosslimkg formation between galloyl units through two stes: electrophilic
aromatic substitution and condensation (c).

Modified from Pizzi (1983a) and Ozacar et al. (2006
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Figure 6.4 - Dependence of haze formation on the m@nt of the addition of
stannous (Sn) in a 4-h process of formulation prepation/reactions. To prepare
525 ml of the formulated solution, 400 ml of 1% tanic acid solution, 100 mL of
formaldehyde, 25 mL of HCI were mixed together. Edy: 0.0016 M of Sn was
mixed together with other 3 reagents and set for # before measurement (Sol-
4h). 1-hr Late, 2-hr Late, and 3-hr Late: 0.0016 Mof Sn was added into the 3-
reagents mixture after 1, 2, and 3 h, and then sé&r another 3, 2, or 1 h,
respectively to have a total 4 h setting and reactn time before the measurement.
Sn-absent: No addition of Sn ions. The solutions wegently stirred during
mixing the reagents and let set still. The reactiotime was 4 h counted since the
initial mixture of reagents.
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Figure 6.5 - UV-spectral curves of aqueous pear pleextracts mixed with
hydrochloric acid (1%, v/v) and/or stannous (Sn, 20 ppm).
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Figure 6.6 - Evolution in haze over time in a mixtue of formulated solutions
consisting of hydrochloric acid, formaldehyde, tanic acid, and stannous (Sol-0h)
or only hydrochloric acid and formaldehyde with andwithout addition of peel
pear phenolic extracts. Each mixture was made frorB0-mL formulated solution
and 2-mL pear peel phenolic extract. To prepare 52&L of the Sol-Oh, 400 ml of
1% tannic acid (TA) solution, 100 mL of formaldehyae (FL), and 25 mL of 1%
hydrochloride acid (HCI) were mixed together. Stanous chloride (Sn) was
shortly added to make a 200 ppm. For the formula aoposed of HCI and
Formaldehyde (HCI/FL), TA was replaced by deionizedvater and no Sn was
added. Reaction time was counted immediately aftehe solutions were made.
For samples with added extracts, extracts were addeammediately after the
solutions were made and reaction time was countellotes: the standard
deviations are in the range of less than 1 % and arthus not obvious on the
graphs at the presented used scale)
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Figure 6.7 - Thermally-processed sliced D’Anjou paa stored in glass jars. The whole pears were premiisly immersed in
formulated treatment solutions, drained by convectin air flow prior to slicing into chunks, and cannel (row A) at 94°C for 7
min or steam-heated first at 73C for 7 min and then canned (row B). Canning solutin was plain water.

Pears were treated in the solutions composed of: Hydrochloric (HCI) solution; 2. HCI and Formaldehyde (FL); 3. HCI, FL,
Tannic acid (TA); 4. HCl and Stannous (Sn); 5. HCIFL, Sn; 6. HCI, FL, Sn, TA; 7. Same as 6 except &hthe formula was set
for 4 h before use, in which HCI, FL, and TA wereifst mixed and set for 3.5 h, and then Sn was addezhd set for another %2
h. To make 525 ml formulated solution containing dl4 reagents, 400 ml of 1% TA solution, 100 mL of I 25 mL of HCI, and
0.0016 M Sn were mixed together. To make a solutiasf less reagents, deionized water was added to nealp total 525 mL.



1 2 3 4

Figure 6.8 —Thermally processed whole pears stored glass jars. The pears were
previously treated in formulated solutions, drainedby convection air flow prior

to steam-heating at 73C for 7 min, and then hot-filled and canned at 94C for 7
min. All pears were de-waxed briefly prior to processing.

1. Starkrimson pears treated in a formula containirg hydrochloric acid (HCI),
Formaldehyde (FL), Tannic acid (TA), and Stannous$n); 2. D’Anjou pears
treated in a solution similar to case 1; 3. D’Anjoypears treated in HCI, FL, and
TA; 4. Untreated D’Anjou pears. To make 525 ml of he formulated solution, for
1 and 2, 400 ml of 1% TA solution, 100 mL of FL, 2%nL of HCI| were mixed and
set for 3.5 h, and then 0.0016 M Sn were mixed beéothe solution was set for
another % hr. For 3, no Sn was added and the solot was set for 4 h before used
for the treatment.
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Figure 6.9 — Appearance of the fibers and aqueousteacts of the peel powders
from treated and non-treated (fresh) pears at theitthird phenolic extraction
stage. Aqueous acetone was composed of 70% of anetand 30% of milli-Q
water. From left to immediately: Whole peel extracion of fresh pears, steam-
heated treated pears, and steam-heated and canneddted pears. Treated pears
were briefly immersed in formulated solution composd of tannic acid,
formaldehyde, hydrochloric acid, and stannous.
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phenolic peel extracts of fresh and treated pears omitored at 520 nm. a: Fresh
pear peels; b: Peels of pears after immersion; c:gels of pears after immersion

and steam-heating.



162

mAU
350
300 -

250

Chlorogenic acid

200

150

picatechin

= Acetone
S

100

Quercetin

50

T
30 min

o
o
o
-
o
n
o
N
(&)

mAU -

100

Acetone

Chlorogenic acid

40 |

20; L
0 A

mAU |

Epicatechin

Quercetin

250 .
200

150

Chlorogenic acid

100

picatechin

50+

- Quercetin

% Acetone
P

.

T ————
5 10 15

olA

|

-
30 min

N
o
N
o

Figure 6.11 — Chromatography spectrum of HPLC phenlic analysis of fresh and
treated pear peel extract monitored at 520 nm, 326m and 280 nm. a: Fresh pear
peels; b: Peels of pears after immersion; c: peets pears after immersion and
steam-heating.



163

CHAPTER 7

General Conclusions

Preserving the green and red pigments, known asagtilyll and anthocyanin,
respectively, on the peels of processed pearsdesdchallenging task due to the
extreme sensitivity nature of these pigments tarenmental changes during and after
fruit processing. Additionally, the anthocyaning arater soluble, making it even
more difficult to retain on the peels of cannedrpea

The use of zinc ion was studied to stabilize ctpbgdl derivatives formed on
pear peels during blanching. Zinc ion concentratibh,300 ppm or above and
blanching time up to 12 min are necessary for ¢mmétion of zinc chlorophyll
complex, mostly Zn pheophytin a and a’. Surfaceérpegment before zinc application
to remove the wax and part of the cuticle layeessesential for the reactions of zinc
ions with chlorophyll in the peel tissues. In deyed procedures, zinc ion was used
as a processing aid, thus significantly minimizangc content in the final products
which can be packed in conventional canning syfine. green color of the peels-on
thermally processed (canned) green pears stor@dramsparent package was highly
stable during storage for 19 weeks af@8under intensive illumination or for at least
35 weeks at 16C.

The developed technology using an aqueous fornanatituted of stannous,
formalin, hydrochloric acid, and tannic acid togetivith steam-heating has shown to
be successful in retaining the red color on carpead peels. The red purple color of
finished peels-on canned pears was found to béestialing a 2-month storage in
transparent packaging at room condition. The dg@ezldormula was found to be
capable of building up polymers at high rate wiktepolics from red pear peels.
Stannous, a key component in the formula togetlitr tannic acid, was shown to
cause a purple precipitate itself when added istr pxtracts. However, it is uncertain
at this point whether a chemical transformatioamthocyanins occurs and to what
extend the formed pigment products contribute éocior of finished products.
Cyanidin 3-galactoside, the major anthocyanin @shirred pear peels, was detected in
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the peels of steam-heated pears and was expedatedttibute to the color of canned
red pears. The anthocyanin would be found in the fof anthocyanin-metallo
complex embedded in a matrix formed from the addadic acid and/or its
polymerization products and phenolics and cell meatesuch as lignin. The results of
this study suggest that the overall stabilizatibarghocyanins on pear peels is a result
of the synergistic effects of stannous and thetecepolymer matrix. However, only
monomers and oligomers can be analyzed by HPLOewHe large molecules that
may carry covalently bonded anthocyanins may hgwaoa resolution with HPLC
methods as seen with wine tannin. To better unaledsthe phenomena explaining the
stability of the pigments, phenolic and anthocyastianges associated with
formulating and processing red pears should be @ygpeopriately approached. The
extraction method also needs to be improved salieatxtract can be subjected to
depolymerization to give access to the naturesatansecutive units. Such assays will
help to clarify whether a typical part of anthociyanhas been chemically transformed
and stabilized.

In the context of this research, both the peelseels-on red and green
processed pears did not retain the high extractatideolics content of the fresh peels.
In the case of green pears, this would be dueetaigsolution of the phenolics into
canning solution and loss during processing. Focgssed red pears, anthocyanins
and phenolics would have been attached onto the psé¢he result of formulation
treatment and heating process. More research essary to evaluate the effects of
treatment procedures on the enzymatic digestidheofruit peels.
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Abstract

This investigation was to evaluate fruit color atady the effect of processing
on color quality of strawberry products. Three catstruments with different
viewing angles, viewing areas, and sample pregentgeometries were compared for
their effectiveness in measuring CIEL*C*tolor values for fresh fruits of six
strawberry genotypes. There were significant diffiees between genotypes as well as
between instruments. Fruits from the Totem genotypee frozen, canned, and made
into jam. Color changes were measured along weHdlowing compositional
determinations: total monomeric anthocyanins (AGbkal phenolic content (TPC),
and % polymeric color. ACN in fresh strawberriesgad from 21.2 mg to 69.9 mg
per 100 g of fresh fruit. Freezing resulted in ppaent increase in ACN, and transfer
of 70.2% of the anthocyanins from the berries jotoe. Physical transfer of pigments
to syrup also occurred with canning: there was @aprately 70% loss in ACN, about
20% increase in polymeric color, and 23.5% decrea3®C. Pronounced color
change and substantial losses in ACN and TPC aivbrry jams occurred during
processing and 9 weeks of storage. Storage of 138 °C compared to 21 °C over a

period of 9 wks resulted in marked losses of ACN &RC.

Key words: Strawberries, color, genotype, freezoamnning, jam
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Introduction

Strawberries are a rich source of polyphenolics(&uw others 2002; Aaby
and others 2005), with anthocyanin pigments beesgonsible for their appealing,
bright red color (pelargonidin-3-glucoside is thejan pigment, Garzén and Wrolstad
2002). Researches on strawberry extracts have sti@awstrawberry phenolic extracts
have high antimicrobial activities (Nohynek andesth2006) and high levels of
antioxidants (Aaby and others 2005; Rababah aret®2005). The phytochemicals
present in strawberry extracts had also been feaheve a potent inhibitory effeirt
vitro on HepG cell proliferation (Meyers and others 2003).

Unfortunately, the attractive color of fresh strawies does not normally
prevail during processing and storage (Garzon amulsfdd 2002). Compared to other
berries, strawberries are relatively low in pigmeoitent (Skrede and others 1992;
Clifford 2000), ranging in total anthocyanin (ACHypically being from 10 to 80
mg/100 g of fresh weight (Rein 2005). Thus degradaduring processing and
storage can have a major impact on the color atfed products.

The freezing process triggers the formation ofiinceellular fruits, which
increases the volume of the fruit (Fennema 1996@)damages the integrity of the cell
leading to fruit structure breakdown. Large dripddound in the thawed product (Han
and others 2004) will have a major effect on thgeapance of the product. Another
adverse consequence of freezing is that nonaguwemssituents become concentrated
in the unfrozen phase (Fennema 1996). Thus, bekidesing reaction rate by
lowering temperature, freeze-concentration careg®e reaction rates, resulting in
decreased anthocyanin and ascorbic acid contefriszien stored strawberries
(Larsen and Poll 1995; Sahari and others 2004).
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Processing strawberries by canning or manufactuntagjam necessitate high
temperature treatments that can alter and damdgeqality of the finished product.
Normal commercial exhaust and sterilization procesuwuring canning have been
shown to have little effect on anthocyanin degratathe process, however, caused
leaching of anthocyanins out of the berries ingfirup (Adams and Ongley 1973).
During jam manufacture at atmospheric pressuréoagtnin losses in the final
product varied from 10 to 80% when boiling timegary from 10 min to over 15 min
(Garcia-Viguera and Zafrilla 2001). Under vacuursgure condition, loss was
approximately 40% during a 15 min process (Gardgsta and others 1999).
Maillard reaction products, ascorbic acid, glucasd fructose with their degradation
products may accelerate the color loss catalyzeudiytemperature and oxygen (von
Elbe and Schwartz 1996; Stintzing and Reinhold 200¢blstad and others 2005).

Since color is a critical quality parameter in fquatchases, color
measurement has gained much attention from fo@hsis and industry. To
investigate color quality in a systematic waysihecessary to objectively measure
color as well as pigment concentration. Methodni@asuring total anthocyanins and
indices for polymeric color and browning (Bakkedasthers 1994; Giusti and
Wrolstad 2005) has been well established and useskearch and in industrial
control applications (Wrolstad and others 2005k Trstrumental specification of
color using CIEL*a*b* system is most commonly perfeed by use of tristimulus
colorimeters and spectrophotometers. The colorgpéian often alters when viewing
angels and illumination change and when the sampt#ated, where changes in
color, gloss, or surface texture pattern might o¢elwtching 1999). Francis (1987)
stated that one of the major problems in comparigdristimulus data obtained from
food is the use of instruments with different dasign addition, food samples are not
flat, nor perfectly opaque/transparent, and na single uniform color, the physical
environment can sometimes be more influential tharcolorant itself (Joshi 2001).
Previous studies have evaluated color measureméma in liquid (Kent 1987) and
powder forms (Brimelow 1987; McDougall 1987). Farifs and fruit products with
high anthocyanins, researches have emphasizedvetogang methods to monitor
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pigment indices, but not on color instrumental Hpeation, particularly on fresh
strawberry and its processed products.

The major objective of this study was to compaeedtfiectiveness of three
color measurement instruments that have differptical geometric arrangements
(observation and illumination angles) and differfmattures for sample presentation
(viewing port size and location), for measuringgtioerry color. Another objective
was to measure the color and total pigment chatigé®ccur when strawberries are
processed into frozen, canned and jam productsagésan polymeric color,

browning, and total phenolics were also monitored.

Materials and Methods

Chemicals and reagents

Folin-Ciocalteu’s phenol reagent (FC), gallic a@dd sodium carbonate were
obtained from Sigma Chemical Co. (St. Louis, MOS$4.). Ascorbic acid was from
Mallinckrodt Baker, Inc. (Phillipsburg, NJ, U.S.ASodium bisulfite was from
Mallinckrodt Inc. (Paris, KT, U.S.A.). 1,1-diphergpicrylhydrazyl (DPPH) was
from TCI America (Portland, OR, U.S.A.). Anhydrocifric acid was from Integra
Chemical Co. (Renton, WA., U.S.A.). Sugar was fi6&H Sugar Co. (Crockett,
Calif., U.S.A.). Pectin was Pacific 150 grade fsett pectin (Pacific Pectin, Inc.
Oakhurst, CA, U.S.A.). All solvents were HPLC grd@®1 Science, Gibbstown, NJ,
U.S.A)).

Strawberry samples

Three commercial strawberrifragaria x ananassggenotypes — Ovation,
Totem, Puget Reliance, and three experimental thehsg 2273-1, 1843-1, and 1723-1
(2.5 kg/each genotype)

were obtained at their commercial ripeness in Q@5 from the Oregon State
University (OSU) North Willamette Research and Bsten Center, Aurora, OR.
These samples were selected because they repksenide range in visual
lightness/darkness and hue from panel assessnfehtsaed frozen experimental
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selections the previous season. Another lot of ot&as purchased from a
commercial berry farm in Dayton, OR for the protegdrials. Fruit was picked at
commercial harvest maturity, and immediately tramtga to the Department of Food
Science and Technology pilot plant, OSU, CorvafliR, and stored at°€ before

subsequent sampling and processing.

Freezing process and storage

Strawberries were washed, carefully sorted to resramy damaged ones,
individually quick frozen (IQF) in an air-blast &eer at -23C, subsequently
transferred into glass jars, and stored at’€@.2Frozen fruits from the Totem genotype
was stored for one month before color measuremeheatraction, and for six months
before making into jam. Samples were stored forranath before extraction and

compositional determinations.

Canning process

The canning process was adapted from processimgquoes described by
Chaovanalikit and Wrolstad (2004). Fresh fruitshef Totem genotype (2 kg) were
washed and placed into cans (Nr 303 x 406 with &arkenamel), hot filled with
sucrose syrup (C&H sugar diluted to BYix with water) at 95C. Cans with lids on
were placed on a running belt and exhausted iaaarstunnel before sealed on a
manual can seamer (Automatic Canning Devices Manitowoc, Wis., U.S.A.). The
cans were immersed in boiling water for 15 minntimmediately put in running
water (20°C) to be cooled to room temperature before beiogpdtat room

temperature for 60 d. The process was replicatesbt

Manufacture of strawberry jams

Jams were made from strawberries of the Totem gpadbllowing a
procedure similar to the one described by Kim aadilR-Zakour (2004). Frozen
berries (14 kg) were thawed overnight &C2and manually crushed into puree by use
of a potato smasher. The jam formulation was 52%, #7.5% sugar, and 0.5%
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pectin. Crushed berries were continuously stirmed lzrought to 56C in a steam
kettle before sugar addition. The pH was measunelcadjusted to 3.2 by addition of
citric acid. The mixture was boiled within 20 mma concentration of 66 to 6Brix
(approximately 104C) before adding pectin, previously mixed with aairamount
of sugar. The jam was hot-packed in 250 ml mas@) j@mediately sealed with
plastisol lined metal lids, and inverted for 3 rtorsterilize the lids, then returned to

normal position for air-cooling. Manufacture of jamas replicated twice.

Color measurement of fresh strawberries

The three color instruments evaluated in this studge: Minolta CR-300
colorimeter (Minolta Corp., Ramsey, N.J., U.S.AdpScan Il and ColorQUEST
spectrophotometers (Hunter Associates LaborattmeReston, VA., U.S.A.). The
features of these colorimeters are presented iteTallhe instruments were
calibrated every two hours by use of standard ifidgek calibration plates included
with the instruments. The L*C*coordinate system was used for LabScan Il and
ColorQUEST. Undamaged whole fresh fruits from egehotype were randomly
selected, grouped into two sets containing fronbo4®0 fruits per set, and used for all

color measurements with the three instrumentstie®Minolta CR-300 and
LabScan I, single measurements were made on tlikese area of individual berries.
For the ColorQUEST, a circular optical glass c&0Inm in diameter x 50 mm in
height was used. The cell was filled with berriesf each set (from 2 to 3 layers of
fruit), with their reddest area facing the portwibefore taking the color reading. A
box with its interior covered with black absorbipgper was used to cover the sample.
After the first reading, the cell was emptied aedilled with another sample of fruit

to make a total of three readings.

Color analysis of processed Totem strawberries

All color measurements of frozen and canned fraitg] jams utilized the glass
cell and the ColorQUEST instrument (Table 1). Foeén berries, the same 40 — 50
fruits that were measured for color prior to preveg (in fresh form) were re-
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analyzed with the same method of sample presentasa@one on fresh fruit. The
frozen berries taken from the freezer were kegeed jars to prevent moisture
condensation onto the fruit surface, and were eeghts the air only for less than 45 s
when filling the glass cell for color measuremekitout 400 g of frozen fruit was
thawed overnight at Z in plastic bags. Thawed berries were then draamet
weighed. Canned berries were also drained, andtbettirained berries and the liquid
weighed. For color measurement of drained frozehcamned fruits, the cell was
filled with 2 layers of fruit. Color of drained ligds (from thawed frozen berries) and
canned syrup were determined using a 2.5 mm pafthieptical glass cell (Hellma,
Germany) utilizing the ColorQUEST sphere instrumeith a view port of 25.4 mm.
For jam measurements, 210 g of jam was placeckitatige cell, approximately 12
mm depth and read using the ColorQUEST (Table 1).

pH measurement

Six strawberries were blended with deionized wékted fruit:water, w/w) for 1
min. The pH of filtered juice was determined usinGorning pH meter 125 with an
Orion Epoxy body, non-refillable pH electrode (Timer Electron Corp., Waltham,
MA, U.S.A)).

Extraction of anthocyanins and polyphenolics

A modified method described by Rodriguez-Saona\@nolstad (2005) was
used. One hundred grams of frozen and canned $&vere thoroughly homogenized
by powdering in liquid nitrogen. About 5 g of powdeas mixed with 20 mL of
acetone. The mixture was centrifuged and the sapemhwas collected. An additional
extraction of the residue was done with aqueou®raed30:70 v/v). Supernatants
were combined and partitioned with 50 mL of chloraf and centrifuged for better
separation between the organic and aqueous pHdseagqueous phase containing
ACN was recovered and transferred to a rotovapotateemove residual acetone at
40°C. The extract was diluted with MilliQ water to 88_. For jams, about 200 g of
sample was homogenized in a 0.25 | glass jar wsibh? speed Osterizer blender
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(Sunbeam-Oster Company, Fort Lauderdale, FL, U)SA&ter blending, 10 g of
MilliQ water was added to approximately 5 g of séergnd vortexed before addition
of acetone. Subsequent additional extractions dene as described for fresh berries

above.

Analysis of total monomeric anthocyanins and polynméc pigments

Aqueous extracts were diluted to a known volumé w#-ionized water. The
total anthocyanin content was determined by udiegotH-differential method
described by Giusti and Wrolstad (2005) and exgiekss mg pelargonidin-3-
glucoside per 100 g of initial fresh weight with lexular weight of 433.2 g/mol and a
molar absorptivity of 15,600.

Percent polymeric color (PPC, sum of the absorbahd20 nm and 496 nm of
bisulfite-treated extract/sum of the absorbanc&8tnm and 496 nm of berry extract)
and browning index (absorbance at 420 nm of bisalftreated extract, reported as
absorbance per 100 g of initial fresh materialsjenetermined by using the method
described by Giusti and Wrolstad (2005).

Analysis of total phenolic content

Total phenolic content (TPC) was determined udiegHolin-Ciocalteu (FC)
method (Waterhouse 2005). Aqueous extracts wengedito a known volume with
de-ionized water. A 750L of diluted extract was mixed with 0.5 mL of FGgent in
7.5 mL of de-ionized water. The samples were het®0 min at room temperature
before 0.5 mL of 20% sodium carbonate (w/v) waseddd he well mixed samples
stood for another 30 min at 4G before the absorbance was measured at 765 nm by a
Shimazu UV160U spectrometer (Shimazu Corp., Kydapan) with 1-cm disposable
cells. Gallic acid monohydrate was used as a stdratad expressed as gallic acid

equivalents (GAE) in mg per 100 g of initial frestaterials.

Shelf-life evaluation of Totem jam
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Twelve randomly selected jars of jams were assigoexhe of the 3 different
storage temperatures (10 #G 21 + 2°C, 38 + 2°C) for evaluation over a 9 wk
period in the dark. Jams were analyzed for anth@doyeontent, percent polymeric
color, and browning index as well as CIEC*[>tolor values. The measurements

were replicated twice.

Experimental design and statistical analysis

A completely randomized design with two replicaamas used. Statistical
analysis was performed using the SAS (Statisticallysis System Institute Inc.,
Cary, NC, U.S.A.). Multifactor analysis of varianeas applied with source of
variance being genotypes and color measurememntimshts. Differences between
means were tested for significance by using GLMedure with Duncan test, using a

level of significant ofP < 0.05.

Results and Discussion

Color of fresh strawberries

Preliminary experiments on berry color measuremerte conducted with the
main objective to determine the most appropriatamador berry presentation. It was
noticed that some berries have both yellow-col@med red-colored areas with very
different local L*, C*, ¥ color values. In the common practices, the ovealtr
presentation of a fruit is more important thandhgle area of color on the fruit.
While using an instrument with small view port fot@in average color of fruits with
both red and yellow areas, it is advised to rogatgle fruit and make multiple
readings (Francis 1987). In this study, most samipée uniform color distribution
dominated by red with very limited yellow areasgifie 2). In addition, the high
fragility of some selected genotypes did not peentessive manipulation. To
compare the performance of the color measuremstruments in monitoring the
color of the six strawberry genotypes, it was ttesided to make readings only on
the reddest area of a fruit. Using instruments witfall port view diameter, less red
areas on a fruit were ignored and the collected dgiresented, in fact, the average of
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the reddest area of a fruit pool. Tests on the CQBUEST using the large cell showed
that three readings would be sufficient to acqdata with small standard deviations.
The surface of individual berries was measurecherLabScan Il with its small
viewing port. Color measurements of 20 vs. 50 beryielded data with almost the
same means and standard deviations (data not shBeadlings from 40-50 berries
were done in this study, since that number of $ruias needed to take three readings
using the large cell, and the author desire wasé&the same sample for all
instruments.

Figure 1 shows L*, C* and’tvalues generated by the Minolta CR-300 and
LabScan Il for single fruit of the six differentrggtypes, and by the ColorQUEST for
whole fruit pools of each genotype. All three instients show a general trend for
reduction in L*, C*, and fin the order of Ovation, 2273-1, 2384-1, PugeidRek,
Totem, and 1723-2. There are obvious differencewglrer, in color values among
the instruments (Figure 1). L* values generated/lnyolta CR-300 were higher than
that by LabScan Il. As shown in the Table 1, the imstruments both have small
viewing port area (8 mm in Minoltad CR-300 and 6n3& in LabScan 1), but
different degrees of viewing angef (@ Minoltad CR-300 and £an LabScan II).
According to Hutchings (1999), thé and 10 observers should give close tristimulus
values, thus can not be the significant causeeoflifierence in L* values. In this case,
it was believed that the differences are the resfutifferent optical features in these
two instruments. With a d/0 geometry characterizga diffuse illumination and
observation angle of°Gn Minolta CR-300, the reflected light from thengale would
include some specular light which is reflected withbecoming selectively absorbed
by the sample surface pigments. Unlike the d/O gggma 0/45 geometry, standing
for illumination angle of ®and observation angle of 44n the LabScan Il excluded
specular light. The higher L* values reported by binolta CR-300 were thus mainly
due to the integrated specular light which incrdabke brightness of the light reflected
on the sample surface. While the LabScan 1l an@@QJEST have similar optical
features, 45/0 vs. 0/45 (Table 1), the L* valuesrflLabScan Il were higher than
those obtained by ColorQUEST (Figure 1). Even tiologth instruments had
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specular light excluded, there might still be asidarable variation between the two
instruments when specular component was excludedt(&d Smith 1987).

However, the fact that the ColorQUEST having a vt area significantly larger

than that of the LabScan Il (89.9 mm vs. 6.9 mmijl@¢de the main explanation for

the differences in their reported color values.t@mother hand, C* and alues
reported by the three instruments were very sinfHagure 1). The similarity suggests
that the average color of a fruit pool of the staldgenotypes were close to the average
color of reddest area on fruits or there were Bohitolor variance on the red side of
studied fruits as it was assumed earlier.

For smaller view port size, i.e. LabScan Il and dlia CR-300, measurements
can only be conducted on a single fruit. The s@f@ea of strawberries is not flat,
and includes yellow achenes and reddish hair-liketires. There is considerable
berry to berry variation for the same genotypdllastrated by 2273-1 or 2284-1
genotype (Figure 2). Fruit surface characteristarsed considerably from berry to
berry. Instrumental color values generated by LabStand Minolta CR-300
fluctuated accordingly and resulted in large statidiviations (Figure 1). For high
precision, multiple readings on different individle@jects are thus needed when
taking measurement on single berries, whereasthettharge viewing port of
ColorQUEST, readings were done on a group of objddtis variation was thus
averaged, and data showed small standard devigiamse 1) with as few as three
readings. Still, the curved shape, pillowing foand size variation of berries (Figure
2) can modify and complicate the direction of retibel light, and thus affect the
amount of light projected from fruit onto the sersstmo some extent.

In the composite picture of all six genotypes (fFegR) taken with the same
camera under the same condition of D2 light, canaexa angle and distance, it can
be seen that the visual appearance of berriessvinam berry to berry and from
genotype to genotype. Actually, these genotypeg welected because they
represented a wide range in visual lightness/dasaad hue from panel assessments

of thawed frozen experimental selections the presgeason. As it can be seen in
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Figure 2, 1723-2 berries had the darkest and réddé&s and Ovation the brightest
and the most orange-colored.

It was anticipated that L*, C*, and kialues of the six strawberry genotypes
would be in a reasonably wide range. Figure 1 shtafsthe color values measured
by ColorQUEST were significantly different (p<0.0&f values increased from 21.3
to 29.1, C* from 24.3 to 41.9, and flom 24.4 to 32.6 in the order of Ovation, 2273-
1, 2384-1, Puget Reliance, Totem, and 1723-2 widwaexceptions (Figure 1).
Within this area on the solid color sphere, thedow* and I values represent darker
sample color with a bluish-red hue while highemeal are lighter and more orange. It
can be concluded from Figure 1 that 1723-2 wabhineh genotype and Ovation the
most orange-colored, which is well reflected whie tesults described above.

The pH and total ACN values of 6 selected strawbgenotypes varied
significantly (Table 2), which was not surprisingdause of the wide range in visual
appearance. The observed pH values in the rang2%f 3.80 reflected well with the
results described by Wrolstad and others (19709.total ACN content of
strawberries in this study, 37-122 mg/100g fresigtte were higher than the range of
30-100 mg/100 g reported in a study of over 18 ggyes (Wrolstad and others 1970).
The total ACN content among 6 tested genotypes tise decreasing order of
Ovation—Puget Reliance»2384-1-2273-1->Totem— 1723-2. Interestingly, the
1723-2 selection with the highest ACN had the Idvi#sand H value and the
Ovation with the lowest ACN and the highest L* @fld/alue. However, as expected,
no significant linear correlations were observetiieen anthocyanin content or pH
and color values (Pearson’swas less than 0.7, data not shown). As anthocyanin
color is from different parts of the fruits, inciad the pericarp of whole
uncomminuted material as shown on Figure 2, theraety and the inner part of the
fruit (Aaby 2005), there was a difference betwdenanthocyanin color of whole fruit
samples and the anthocyanin nitrogen powders. Vaasessment showed that all

samples, except for Ovation, had pigmentation eir ffesh.
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Effects of processing on color, pigment content, @nantioxidant
properties of strawberries

Table 3 compares the color values of fresh andgssed fruits from the Totem
genotype, all measurements being taken on the QOIBST with the large cell except
for the liquid (drip from thawed fruits and syrupiin canned berries) which was
measured with the ColorQUEST sphere. The compaositidata of processed products
are presented in Table 4. As in the earlier anglg6ACN, all chemical analyses in
this study were based on nitrogen powdered maten@lthe results are expressed as
per 100 g of berries in the various products. Tdreent expressed in 100 g of finished
products can be obtained from these values thrawgmple conversion associated to

each product given in the footnote of Table 4.

Frozen berries There were marked differences in the visual agrez of
frozen berries compared to fresh fruit with resgecigloss" that is not evident from
L*, C* or h° data presented in Table 3. Gloss s phoperty by which a material
appears shiny or lustrous as a high proportioigbt impinging on the food surface
reflected. Thus, gloss is dependent on the refradtidices and on the size of
discontinuities present on the involved food swfa@Hutchings 1999). Wax layers
and deposits are the components of the surfacelewfi fruits having natural gloss
(Nussinovitch and others 1996). During freezingcess and frozen storage, the berry
surface characteristics must have changed, suetoesdiscontinuities in the cuticle
layers because of the crystallization and fruitmod increase. All made the frozen
fruits much less shiny compared to the fresh fruisich was not reflected on the L*,
C*, and ¥ measurement. The glossiness of fruits and vegetaiain be measured by a
glossimeter (Nussinovitch and others 1996). The A€Kozen fruits from the Totem
genotype (69.7 mg/100g, Table 4) is higher tharbth8 mg/100 g reported by
Pilando and others (1985) for fresh Totem genoty fell in the range of 300 to
341 mg GAE/100 g fresh weight reported by Aaby atiers (2005). An assumption
was made at the beginning of the study that no nt&jmpositional changes and pH
would occur in frozen strawberries during shortrtestorage at low storage
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temperature. While the temperature of °C2may not be sufficiently low, no analysis
of fresh berries was conducted to permit compasgonany compositional changes
with short-term storage. Thawed berries had sigaifily higher L* and lowerh

values than that of fresh or frozen berries (P<0(D&ble 3), indicating a light red
color compared to frozen or fresh ones. This hidgiuer angel value might suggest that
ACN in thawed fruits (61.7 mg/ 1009, data not shpmay be concentrated on the
fruit surface when juice leached out during thawifdg increase in lightness may be
attributed to the physical changes resulting fratapse of thawed berry structure.
The drip solution had an ACN value of 11 mg/ 100gté not shown).

Canned berries.Canned fruits analyzed after 60 d of storage ainroo
temperature had similar L* (P>0.05) but highéwvhlues (P<0.05) compared to those
of fresh berries (Table 3), representing a shaftrfired toward more orange color.
Total ACN in canned strawberries (8.8 mg ACN /106igal weight) was lower than
in the syrup (13 mg ACN /100 g initial weight) (Talst). Compared to ACN value in
the fresh samples, the total level of combined AGNanned strawberries and in the
syrup decreased markedly, the reduction beinggisds 68.8%. The great loss and
leaching of anthocyanin explain well the changgeibow-colored appearance of the
canned berries.

Table 4 shows that along with the canned berressyrup also contained
considerable high levels of total phenolics. Coreddo a 100% of TPC (313.6 mg
EGA/ 100g) in frozen berries, the calculated TPCarhbined canned fruit and syrup
(239.7 mg EGA/ 100g) represents a loss of 23.5 Biglwmight reflect the loss in
anthocyanins.

Heat processing and storage also increased PPéntamthe final products,
leading to a total PPC of 33.20% in canned fruvtsiJe the value was 7.16% on
frozen berries. An increase in PPC is indicativeaidensation reactions of
anthocyanins with other phenolic compounds, sughr@syanidins to form colored

polymer pigments (Monagas and others 2005), redus®N in canned fruits. A
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significant increase in browning index was alsonidin canned liquid and fruits
compared to that of frozen fruits (Table 4).

As anthocyanins are thermally labile, an extendsatihg at 106C for 15 min
would be the main reason causing significant deggran of red pigments. Adams and
Ongley (1973) found that anthocyanin degradationtake place to an important
extent if fruits are heated at 180 for over 12 min at commercial canning conditions.
Ascorbate degradation could also significantly imean the color and chemical
changes of canned product. Studies have showmibsttascorbic acid in strawberries
is destroyed during thermal process (Skrede arer®tt092) and furfural is a major
product (Tatum and others 1969). Catechin and agthns, which are flavonoids
available in large quantity in strawberries (Aaloygl athers 2005), have been shown to
form condensated dimeric products mediated by fatf{Es-Safi and others 2000). In
nature, dimeric complexes between anthocyanidinflarnenols in strawberries have
been found recently (Fossen and others 2004). Tleastions can eventually
contribute to the darkening of the fruits (Es-&afd others 2000). During storage of
canned products, pelargonidin-3-glucoside, the raathocyanin in strawberries, can
still be hydrolyze by acid to perlargonidin andther broken into hydroxybenzoic
acid (Stintzing and Carle 2004).

Jam. L*, C*, and I color values of jam were distinctly lower thanskaf
fresh and other processed products (P<0.05) (T3bladicating an increase in
darkness, decrease in chroma and hue angle cay$aa Imanufacture. Besides
compositional and chemical changes, one of the faators to take account for when
comparing the colors of jam and fruits is that phgsical differences between these
two forms of products. When made into jam, the pobd light reflectance properties
are no longer similar to that of berries.

Total ACN and TPC values of jams were significaihdhyer than those of
frozen berries (P<0.05) (Table 4). Based on ACKed#ihces between jam and frozen
fruits, approximately 70% loss of ACN occurred adgrimanufacture of frozen berries
into jam. This compares to a loss of 36% for strawibs processed using lower
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temperatures and a vacuum process (Garcia-Viguerathers 1999). For jam
making, the stability of anthocyanins during prateg are mainly affected by
cooking temperature and heating time (Garcia-Vigward Zafrilla 2001; Schmidt and
others 2005).

As shown in Table 4, PPC of jams was 27.7%, sicauifily higher than that of
frozen berries (7.2%). Its Bl was about 3 fold l@gthan those of other processed
products (Table 4). Compared to frozen berries Q0 PC of jams was reduced by
16.4% after processing, close to the data repdayeimakura and others (2000),
where a reduction of about 10% after jam processiag observed based on DPPH
radical scavenging assay. These data suggesteortitaissing strawberry jams in
open air generally increase Bl and PPC, but redie of the products.

The increase in Bl is mostly like due to the forimatof melanoidin pigments
from reactions of reducing sugars, amino acids,asedrbic acid during open air
processing (von Elbe and Schwartz 1996; Stintznmh@arle 2004). The products of
ascorbic acid oxidation in the presence of oxygaretalso known to trigger the
formation of dark-color compounds from cateching@shaw and others 2001). In
addition, the browning could be contributed bywtrarry peroxidase and polyphenol
oxidase activity (Lopex-Serrano and others 2002ploenolic compounds and
ascorbic acid during thawing and maceration (Witaldsnd others 1990; Bakker and
Bridle 1992; Garzon and Wrolstad 2002; Stintzind @arle 2004). Simple phenolics
such as hydroxycinnamic acid (Kosar and others p60dld be oxidized to quinones,
then entering Maillard reactions (Cilliers and $atgn) and finally contributing to
browning of the product. The phenolic autoxidatiogether with enzymatic oxidation
of phenolics could be one of the main reasonshfeildss in phenolic compounds
represented by reduced TPC. The TPC reduction @sddbe due to the changes in
the nature of some phenolics such as anthocyaudimter flavonoids which were
believed to be converted to catechol at high teatpez (Mitani 1983, von Elbe and
Schwartz 1996).

Color changes in jams during storage at differentémperatures
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Figure 3 shows pronounced color change of jamsdtar 38C during 9 wk
of dark storage. The major increase frvalue occurred within the first 3 wk of
storage (P<0.05) at 38 while it took 9 wk for changes irf ko become obvious at 21
°C (P<0.05).

Figure 4a shows a reduction in anthocyanins in jdomgg storage and the
loss was more pronounced at higher storage temypesatWVhile the ACN in the fresh
jams was about 20.1 mg/ 100 g of initial fruitss fams stored after 9 wk at 30, 21
°C, and 38C contained significantly lower ACNs (P<0.05), ab®2.9, 11, and 5.4
mg/100 g of initial fruits, respectively. Thus, thibility of anthocyanins in jams was
markedly influenced by temperature (von Elbe anihWgetz 1996; Guarcia-Viguera
and others1999). Figure 3c and 4a show that a rfeegsrof anthocyanins had
occurred before any significant changes in hueeaafithe jams was observed. These
results would indicate that ACN is not a good measi color quality of strawberry
jam, as concluded by Abers and Wrolstad (1979%tead, the role of browning
pigment formation was emphasized over the amouAGH loss as the major cause
of the color deterioration of jams (Abers and Wiadis1979).

Storage time and temperature had significant effectPPC and Bl of jams,
which increased with storage time and temperatigite 4b, c). Abers and Wrolstad
(1979) proposed that catechin and proanthocyanayg@ an important role in
degradation of anthocyanins and in polymeric browgrof strawberry jam. It is
possible that the products of ascorbic acid oxatatiuring jam making could induce
browning of catechin during product storage unaeeaobic condition (Bradshaw
2001). The condensations between flavanols andaydimins as described earlier
(Abers and Wrolstad 1979; Monagas and others 2003t explain for the increase
in PPC of jams after processing and during stordgene of these products could
form black compounds (Es-Safi 2000). Sugars at bagitentrations as found in jams
are known to stabilize anthocyanin presumably eling water activity (von Elbe
and Schward 1996). This protective effect mightrafgehere but is counterbalanced
or offset by sugar degradation as the reducingrsygaduced during processing can



195

react with free amino acids (Abers and Wrolstad9)@iccelerating Maillard

browning.

Conclusions

Total monomeric anthocyanins, total phenolic contgearcent polymeric
color, browning index, and CIEL*C*olor values were usefully combined to
represent the color of fresh strawberry and strasylgroducts and to track the
anthocyanin changes during processing and stoltagas found that the pigment
content was not the dominant indicator of the cofastrawberry and processed
strawberry products. The red pigment in strawbermery labile and easily degraded
during processing and storage. Fortification witkhacyanins as shown by Skrede
(1992) may improve the product color. Besides niagrix compounds should be
brought into consideration to enhance the stallitthe pigments and to prevent
browning reactions.

When measuring color of similar samples using coleasuring instruments,
the measurement system and sample presentatiorbmuaatefully matched and
standardized since there are interactions betwestruments and samples as defined
by sample presentation and instrument geometrysaheple glossiness is not
represented by the CIEL*C®*ltolor system, thus a glossimeter is necessary when
monitoring similar samples that are different ingd as found on fresh and frozen
fruits. When measuring color of samples with unéyenlored surfaces, it is
advisable to use large-area color measuring ingniin® minimize manipulative acts.
For products with un-flat surfaces, there is mik&tly a complication of light
reflecting and scattering for both colorimeter pectrophotometer, which raises the
concern about the accuracy of the defined fruibicalhe best practice on an
instrument is to develop a standard sample presemt@nd be consistent in the

operation.
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Table 1 - Features of the three color instruments\inolta CR-300, LabScan II,
and ColorQUEST)

Colorimeter Sample Optical feature . Viewing port Viewing
. llluminant | .. angle
/Spectrophotometer presentation | (degree/degree diameter (mm) (degree)
ColorQUEST Glass céll 45/0F Des 88.90 10
LabScan Il Berry surfale 0/4% Des 6.35 10
Minolta CR-300 Berry surfale dio? Des 8.00 2

& An optical cylinder glass cell (120 mm x 70 mnardeter x height) was used to
Eresent samples.

The berries were in direct contact with the insteatrview port and were
individually read.
“llluminating from an angle of 45 + 2 degree ancedgng light at 0 + 10 degree
gspecular light excluded).

llluminating from the direction of 0 x+ 10 degremdadetecting light at 45 + 2 degree
(specular light excluded).
llluminating the sample diffusely and detect thghtiat 0 + 10 degree (specular light
included).
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Table 2- Total anthocyanin content and pH of diffeent berry genotype$

Berry genotypes ACN pH
Ovation 37.1+4.4 3.28 £ 0.07
2273-1 71.8+2.3 3.25+0.01
2384-1 62.1+0.4 3.80 £ 0.09

Puget Reliance 50.9+2.8 3.40 £0.02
Totem 76.0+4.0 3.58 +0.01
1723-2 122.3+2.3 3.46 +0.02

@Frozen whole fruits were used in the analysis poesent the fresh fruits.
PTotal anthocyanin content was expressed as mglafgomidin-3-glucoside per 100
g of initial materials, determined by a pH diffeti@ahmethod.
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Table 3- CIEL*C*h ° color values of fresh fruit from the Totem genotye and
processed products (Frozen, Thawed, Canned, and Jam

Samples

L* C* ho
Fresh fruit® 23.35+2.18 31.1+0.740 27.38+0.23
ab
Frozen fruit 25.03+0.05 31.13+0.44 26.90 +0.45

Thawed fruit® 30.64+0.59 30.60+0.14 24.79+0.11

Drip® 66.54 +0.22 88.96+0.09 49.44+0.03

Canned product

Fruit® 23.99+0.25 2858+0.46 31.73+0.01
Syrug 80.91+2.81 38.40+4.69 35.84+0.64
Janf? 3.47+0.31 12.46+059 12.46 +0.87

& Measurement with the ColorQUEST 45/0, view poatngieter of 89.9 mm using a
cell to present samples.

 Measurement cell was filled up with fruits (aboub23 layers of fruits).

¢ Measurement cell was filled with 2 layers of fruit

4210 g of jam was used (approximately 1.2 cm irtijep

®Measurement with the ColorQUEST sphere, view pag ef 25.4 mm using a
cuvette (2.5 mm in length).
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Table 4- Total phenolics, antioxidants, anthocyanis, and browning and
polymeric pigment in canned, frozen, and jams of sawberries from the Totem
genotypé

Samples Total ACN® Browning PZIerr(r;gr]itc

P Phenolict Indext y

Color

Frozen fruif 313.6+17.7 69.7+4.2 1.14 £+ 0.13 7.16 + 0.68
Canned product
(total) 239.7+18.1 21.7+34 -- --

Fruit 1189+ 13.4 8.8+1.7 2.10+0.7 33.20+25

Syrup 120.9+4.6 13.0+1.7 1.91 +0.05 27.4% 1.
Jam 262.1+4.9 206+1.4 5.00+0.74 27.7+3.3

&Values are presented in Mean + SD of two repli&ate
® Total phenolics was determined by use of DPPH otbtind expressed as equivalent
mg of gallic acid per 100 g of initial fresh matdsi.
¢ Total anthocyanin content was expressed as mglafgonidin 3-glucoside per 100
g of initial materials, determined by a pH diffeti@ahmethod.

Browning index was expressed as calculated absoghbanit based on 100 g of
initial fresh materials.
®Data reported for frozen fruit are based on fresh.fContents per 100 g of finished
product can be obtained from values in the tabla bivision of the latter by a
conversion factor of 0.49, 1.03, and 1.41 for canineit, syrup and jam, respectively.
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Figure 1 - CIEL*C*h ° color values of 6 strawberry genotypes measured 8/
different color instruments.



205
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Figure 2 - Photos of 6 fresh strawberry genotypesanvested in 2005 season at
the Oregon State University North Willamette Researh and Extension Center
(Aurora, OR, U.S.A)).
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Figure 3 - Changes in CIEL*C*h*color values of jamsmade from strawberry of
the Totem genotype during storage at 18C, 21°C, and 38°C for 9 wk.
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Figure 4 - Changes In anthocyanins, percent polymerpigments, and browning
of jams made from strawberry of the Totem genotypeluring storage under dark
at 10°C, 21°C, and 38°C for 9 wk.



