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Abstract

Changes in Maillard reaction of pidan white were monitored with A294, fluorescence intensity, and browning intensity dur-

ing pickling in the absence and presence of Chinese black tea extract (Camellia sinensis) at levels of 2% and 5% together

with 0.2% ZnCl2 or 0.2% CaCl2 up to 3 wk, followed by ageing for another 3 wk. Browning intensity and A294 of pidan white

increased with increasing pickling/ageing, while fluorescence intensity decreased during ageing (p<0.05), irrespective of

treatments. At wk 6, pidan white treated with 0.2% ZnCl2 and 0.2% CaCl2 showed slightly higher browning intensity, fluo-

rescence intensity and A294 than those treated with divalents together with Chinese black tea (p<0.05). Free amino group and

sugar contents showed continuous decrease during pickling and ageing irrespective of tea and cations used. However, pidan

treated without Chinese black tea extract showed significantly lower free amino group and sugar during the ageing of 6 wk

(p<0.05). Thus, Chinese black tea extract had an inhibitory effect on the Maillard reaction during ageing of pidan white.
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Introduction

Duck egg products are very few in the market, among

them pidan plays a very important diet role in many south

east Asian countries and China (Ganesan and Benjakul,

2010, 2011; Su and Lin, 1994). Pidan is normally made

by pickling the eggs in 4.2% NaOH/5.0% NaCl solution

at room temperature (30oC) for 20 d (Su and Lin, 1994).

The formation of pidan is caused by the penetration of

alkali through the egg shell and membrane, leading to

chemical changes in the egg components (Ganasen et al.,

2013). This results in gelation of the albumen during

pickling at the alkaline condition. Zn2+ is used to produce

pidan with no black spots on the egg shell, and the color

of the pidan's albumen and yolk was more stable (Chen

and Su, 2004; Ganesan and Benjakul, 2011).

Generally people believed that the use of Chinese black

tea extract in pickling solution add a more detectable

color and a characteristic flavor to pidan. Li et al. (2004)

reported that the color may be due to the Malliard reac-

tions between the glucose and amino acid. Non-enzy-

matic interaction between a reducing sugar and an amino

acid, peptide or protein has been known as the Maillard

reaction. Glycosylation or glycation is an important reac-

tion, which induces the covalent attachment of sugars to

a- or e-NH
2
 groups of amino acids and protein to form

glycated proteins (Friedman, 1996). The Maillard reac-

tion produces a variety of intermediate products and finally

brown pigments (melanoidins) are formed. The Maillard

reaction is influenced by many factors, including reactant

concentration, temperature, time, initial pH and water

activity (Baxter, 1995; Naranjo et al., 1998; Wijewickreme

et al., 1997).

In general, pidan white characteristic including good

texture with amber/brown color is a quality index for con-

sumers. However, no information regarding the changes

of Maillard reaction of pidan white during pickling and

ageing process, particularly those pickled in the presence

or absence of Chinese black tea extract and alternative

divalent, has been reported. Therefore, the objectives of

this study were to investigate the changes in physical pro-

perties of pidan white produced with and without Chinese

black tea extract and alternative divalent during pickling
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and ageing for up to 6 wk.

Materials and Methods

Chemicals

Zinc chloride (ZnCl
2
), calcium chloride (CaCl

2
), sodium

hydroxide and sodium chloride were purchased from Lab-

Scan (Bangkok, Thailand). 2,4,6-Trinitrobenzenesulfonic

acid (TNBS) and L-leucine, were purchased from Sigma-

Aldrich, USA. Glucose and other chemicals were pur-

chased from Merck, Germany.

Duck egg collection

Fresh eggs of duck (Anas platyrhucus) with the weight

range of 65-75 g were obtained within 1 d of laying from

a farm in Rathabhum, Songhkla Province, Thailand. Duck

eggs were cleaned and checked for any crack prior to

pickling.

Preparation of pidan

Clean duck eggs were soaked in a pickling solution

containing 4.2% NaOH, 5% NaCl and 0.2% ZnCl
2
 or

CaCl
2
. Chinese black tea (Camellia sinensis) powder ex-

tract was added in the
 
pickling solution at the concentra-

tions of 2% and 5%. Without Chinese black tea extract of

both cations were taken as control. Sixty eggs were soa-

ked in different pickling solutions (6 L) at room tempera-

ture (30-32oC) for 3 wk. Pickled eggs were removed and

coated with white clay paste (clay: water, 4:1 w/v) to ob-

tain a thickness of 2-3 mm. Coated eggs were left at room

temperature for another three weeks for ageing. During

pickling and ageing, the samples were taken for analyses

every week.

Measurement of UV-absorbance

The UV-absorbance of pidan white samples with 20

fold dilution were measured according to the method of

Ajandouz et al. (2001). Appropriate dilution (20-fold) was

made using distilled water and the absorbance was mea-

sured at 294 using a UV-1601 spectrophotometer (Shi-

madzu, Japan) for UV-absorbance.

Measurement of fluorescence

Fluorescence of pidan white samples with 20-fold dilu-

tion was determined as described by Morales and Jime-

nez-Perez (2001). The fluorescence intensity was meas-

ured at an excitation wavelength of 347 nm and an emis-

sion wavelength of 415 nm using a RF-1501 Fluores-

cence spectrophotometer (Shimadzu, Japan).

Measurement of browning intensity

Browning intensity of pidan white samples of all treat-

ments was determined as described by Benjakul et al.

(2005). Appropriate dilution (20-fold) was made using

distilled water and the absorbance was measured at 420

nm using a UV-160 spectrophotometer (Shimadzu, Japan).

Determination of free amino group content

Free amino group content was determined according to

the method of Benjakul and Morrissey (1997). Pidan white

samples (100-fold dilution) (125 µL) were mixed with

2.0 mL of 0.21 M phosphate buffer, pH 8.2, and 1.0 mL

of 0.01% TNBS solution was then added. The solutions

were mixed thoroughly and placed in a temperature-con-

trolled water bath (Memmert, Germany) at 50°C for 30

min in the dark. The reaction was terminated by adding

2.0 mL of 0.1 M sodium sulfite. The mixtures were cooled

at room temperature for 15 min. The blank was prepared

in the same manner as the samples except that distilled

water was used instead of 0.01% TNBS. The absorbance

was measured at 420 nm. Free amino group content was

expressed in terms of l-leucine.

Determination of reducing sugar content

Reducing sugar content was determined according to

the method of Chaplin (1994). All reagents were prepared

as described by Chaplin (1994). One mL of pidan white

samples (100-fold dilution) was mixed with 1.0 mL of

reagent C in screw-sealed tubes. The mixtures were heated

in a boiling water for 15 min and then cooled with tap

water. One mL of reagent D was added and mixed well.

Finally, 3 mL of deionised water was added to the mix-

tures. The absorbance was measured at 520 nm. The re-

ducing sugar content was calculated from the standard

curve.

Statistical analysis

Completely randomized design was used throughout the

study. The experiments were run in triplicate. Data were

presented as mean values with standard deviations. One-

way analysis of variance (ANOVA) was carried out and

means comparisons were run by Duncan’s multiple range

tests (Steel and Torrie, 1980). Statistical analyses were

performed with the statistical program (SPSS for windows

(Version 10), SPSS Inc, USA).
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Results and Discussion

Changes in A
294

, fluorescence intensity and A
420

 of

pidan white

Continuous increases in A
294

 of pidan white samples

were observed during pickling and ageing, irrespective of

treatments (Fig. 1A). Pidan white treated with 0.2% ZnCl
2

or 0.2% CaCl
2
 (without Chinese black tea extract) showed

the higher increase in A
294

 values followed by Chinese

black tea extract irrespective of cations used (p<0.05).

Absorbance at 294 nm was used to determine the inter-

mediate compounds of the Maillard reaction (Ajandouz et

al., 2001; Lerici et al., 1990). From the result, the increase

in absorbance at 294 nm suggested the formation of an

uncolored compound, which could be the precursor of the

Maillard reaction (Ajandouz et al., 2001). This was more

likely due to the higher formation of intermediate gener-

ated during a very high alkaline pH. However the treat-

ment with Chinese black tea extract irrespective of ca-

tions prevents the formation of colorless intermediate to

some extent leads to lower absorbance. Different interme-

diate products are formed, either fluorescent or non-fluo-

rescent compounds, during the Maillard reaction (Ben-

jakul et al., 2005). From the result, it appears that some

intermediate products might undergo conversion to the

final brown compounds, while some intermediates are

still being generated.

Fluorescence intensity of all pidan white samples inc-

reased gradually during pickling (Fig. 1B). Subsequently,

a gradual decrease was observed up during ageing, irre-

spective of treatments (p<0.05). Generally, increase in pH

of the system influenced the Maillard reaction rate (Mar-

tins et al., 2003). The Maillard reaction is associated with

the development of fluorescent compounds formed prior

to the generation of brown pigments (Baiser and Labuza,

1992; Morales et al., 1996). This fluorescent compounds

may be precursors of brown pigments (Morales and Van

Boekel, 1997). The lower fluorescence intensity of pidan

white during ageing was probably caused by the rapid

transformation of the intermediates to brown compounds.

This led to less remaining fluorescent intermediate prod-

ucts, as shown by the lowest fluorescence intensity. How-

ever, the pidan white treated with 0.2% ZnCl
2
 or 0.2%

CaCl
2
 (without Chinese black tea extract) showed signif-

icantly higher confirmed that fluorescent compounds also

formed during ageing process (p<0.05). Thus, those inter-

mediate products might be different in terms of genera-

tion and reactivity of to form brown pigment. From the

result, it was postulated that fluorescent compounds

might undergo the polymerisation to form brown pigment

much faster than those with the UV absorbing property

during ageing.

Continuous increases in A
420

 of pidan white samples

were observed during pickling and ageing, irrespective of

treatments (Fig. 1C). Maillard reaction is a non-enzy-

matic browning reaction which links the carbonyl group

of reducing carbohydrates and the amino group of free

amino acids as well as of lysine residues in proteins

(Ajandouz et al., 2001). Maillard reaction is considered

important in pidan white because of the significant

amount of glucose naturally present in the egg white pro-

teins. The browning intensity increased with increasing

pickling and ageing times, irrespective of the treatments.

At wk 1, pidan white treated with 0.2% ZnCl
2
 or 0.2%

CaCl
2
 along with Chinese black tea extract at various lev-

els showed increase in browning intensity of pidan white

most likely due to the staining effect of Chinese black tea

extract used in the pickling solution. Furthermore, tea in

pickling solution might enhance the brown color in the

pidan white gels due to oxidation of flavonols in the alka-

Fig. 1. Changes in A
294

 (A), fluorescence intensity (B) and

browning intensity (C) of pidan white pickled without

and with addition of Chinese black tea extract at vari-

ous levels along with different divalent cations. Bars

indicate the SD from triplicate determinations.
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line environment. Mizooku et al. (2001) reported that the

oxidation of flavanols was determined by pH. Flavanols

was colorless in aqueous solution at pH 7.6; however it

turned yellow at pH 10.6. However as the pickling/ age-

ing time increased to wk 6, pidan white treated with 0.2%

ZnCl
2
 or 0.2% CaCl

2
 along with Chinese black tea extract

at various levels showed the lower browning intensity,

compared with other treatments (p<0.05). Similarly, Oral

et al. (2014), also reported that addition of certain poly-

phenols inhibit Maillard reaction products. Higher brown-

ing intensity of 0.2% ZnCl
2
 or 0.2% CaCl

2
 (without cat-

ions) obtained with increasing pickling and ageing time

was most likely due to the higher production and conver-

sion of fluorescent compounds into brown pigment. This

was in accordance with higher fluorescence intensity of

pidan white.

Changes in free amino group content and reducing

sugar of pidan white

Changes in free amino group and reducing sugar con-

tent of pidan white samples of various treatments are

shown in Figs. 2A and 2B respectively. Continuous dec-

rease in amino group and reducing sugar content of all

pidan white samples was noticeable when the pickling

and ageing time increased to wk 6 (p<0.05). This result

suggested that a α- or ε-NH
2
 group of amino acids or pro-

teins which are hydrolyzed at very high alkaline pH co-

valently attached to a sugar to form glycated proteins to a

greater extent, particularly when the pickling/ageing time

increased to wk 6. The first glycation product, or Schiff

base, rearranges to a more stable ketoamine or Amadori

product. The Amadori products can then form cross-links

between adjacent proteins or with other amino groups,

resulting in polymeric aggregates called advanced glyca-

tion end-products (Friedman, 1996). From the results, the

decreases in free amino group were in accordance with

the increase in browning (Fig. 1C) and absorbance at 294

nm (Fig. 1A) and the decrease in fluorescence intensity

(Fig. 1B). This indicated that increased pickling/ageing

time catalysed the interaction between free amino groups,

such as ε-NH
2
 groups of lysine, and sugar via glycation

process. As a result, intermediate products were formed

and further converted to brown pigments, as observed by

the increased absorbance at 420 nm. In general, pidan

white treated without Chinese black tea extract was more

reactive in forming the glycated product than with pidan

white sample treated with Chinese black tea extract irre-

spective of cations, as shown by the greatest decrease in

free amino groups and reducing sugar content with the

concomitant increase in browning. The reaction rate of

glycation between casein and sugars depended on the per-

centage of the acyclic form and the electrophilicity of the

carbonyl groups (Naranjo et al., 1998). The difference in

reaction rate of sugar observed in many studies was pos-

sibly due to the conformation of protein.

In conclusion, Chinese black tea extract had inhibitory

effect of developing brown colour during ageing of pidan

white, where as it has staining effect during pickling. Flu-

orosence intensity follows the same trend as browning

intensity of pidan white during pickling an ageing, irre-

spective of cations used. Therefore, brown color of pidan

white was more likely mediated by Maillard reaction, not

by Chinese black tea extract.
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