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Abstract

Background and Objective: Eggs, especially egg aﬂtes, are high in protein but susceptible to damage, even via fermentation. Thus, it
is necessary to preserve them by adding flour. The aim of the present study was to evaluate different drying temperatures and durations
to produce fermented egg white powder with optimal functional characteristics. Materials and Methods: The present study had a
factorial design (3 X 3) using drying temperature (45, 50 and 55°C) and duration (30, 39 and 48 h) as treatments. All chicken eggs (900)
used were obtained from the same farm. Parameters measured were foaming capacity and stability, powder solubility and coagulation
time. A pan dryer was used to dry fermented egg whites. Results: Neither drying temperature nor time significantly affected the foaming
capacity or stability, but there was an interaction between both treatments and foaming capacity. In contrast, drying temperature and
durationsignificantly (ng.OE)Eected the powder solubility, but there was no interaction with either treatment. Variance analysis showed
that drying temperature had significant effect (p<0.01) on coagulation time of egg white powder. Drying time was not significant
(p<0.05), but there was an interaction between the two. Conclusion: Pan-drying fermented egg whites at 45°Cfor 48 h increased the
foaming capacity and stability. Moreover, drying at 50°C for 39 h could increase the powder's solubility and coagulation time.
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INTRODUCTION

Egg whites have diverse functional properties that are
very useful in food processing™. The natural coagulation of
egg white proteins when heated make them excellent
thickeners and binders* and whipped egg whites can form
foams that work well as developers ona cake**. However, egg
whites are susceptible to damage during storage and require
further processing to extend their shelf-life. Preservation of
eggs, especially egg whites, can be done by various methods,
such as fermentation®’, but the high protein content still
makes them susceptible to damage. Asaresult, eggs powders
have been developed to extend storage times.

Some egg white powder drying methods indude spray-,
pa d freeze-drying®'. At present, information related to
thmcts of pan-drying temperature and duration on the
functional characteristics of fermented egg white powder is
lacking. Therefore, the current smr evaluated different
pan-drying temperatures and times in order to optimize the
functional characteristics of fermented egg white powder.

MATERIALS AND METHODS

The present studyused acompletely randomized factorial
design (3% 3) using drying temperature and duration as
treatments with 4 replicates™. The analysis of these variants is
based on the mathematical model, as follows:

Y= ptout ByHo Byt

Where:

Yy = Response dueto the influence of drying temperature
toi and drying time to j

u = General mean

o, = Effect of drying temperaturetoi,i=3

B = Effectof dryingtimetoj,j=3

(aB)y = Interaction effect of temperature drying to iand
drying time toj

g, = lralerror

Sample preparation: Egg whitesgijom 900 chicken eggs
(derived from the same farm) were separated from yolks and

ired for 3 min without foaming, then sterilized using
ﬁjviolet light under a laminar flow hood for 15 min.
Fermentation was done by adding Lactobacillus plantarum
type FNCC W in a tube and incubating for 18 h at 37°C™.

Fermented egg whites were then dried in a pan dryer at

three different temperatures 45, 50 and 55°C, respectively
and for durations 30, 39 and 48 h, respectively.
Measurement of foaming capacity: Foaming capacity was
determined by first dissolving the fermented egg white
powder in distilled water (1:7) and calculating the density of
the egg whites as Nahariah era/™:

D=
v

Where:

D = Egg white density

W = Weight of the egg white foam (g)

V = Volume of the egg white foam (mL)

Then, the foaming capacity (FC) was calculated as a
percentage:

D x V of foam egg white «
W of foam egg white

FC(%)z[ mo}—mo

Measurement of foam stability: The foam stability is
determined by letting the egg white fermentation foam for
1 hatroomtemperature (27°C). For 1 h the foam will produce
seepage water. Furthermore, weight measurement (Wseep)
andvolume (Vseep) of seepage. The percentage of seep water
(L) obtained is then calculated as Nahariah er a/™:

D=V seep

L (%) = *100

Wseep

Next, the stability of the foam (FS) was calculated as:
FS = 100%-L

Measurement of powder solubility: Fermented egg white
powder samples (1 g) were dissolved in 7 mL of distifad water
in a warm water bath (40°C) and stored for 24 h at room
temperature. The solutions were then centrifuged for 15 min
at 15°C and the sediment (i.e., undissolved powder) was put
into aluminum foil and dried at 102°C for 24 h. The re-dried
powders were weighed and the difference between the initial
weight before and final weight after dissolution and drying
was calculated to determine the amount of powder that
dissolved in solution.
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Measure of coagulation time: Fermented egg white
samples (1 g) were added to test tubes containing 10 mL of
distilled water at 40°C. Immediately after dissolution of
powder samples, the test tubes were transferred to another
water bath at 80°C to coagulate proteins in solution. The
coagulation time was defined as the time it took to begin
seeing obvious clump formation after transferring egg white

powder solutions to the 80°C water bath'™.
3
RESULTS AND DISCUSSION

Foaming capacity: Analysis of variance (Table 1) showed that
neither drying temperature nor duration significantly affected
the foaming capacity, although a significant interaction
between the twotreatments was observed (p<0.05). However,
the foaming capacity significantly increased with solutions
made from fermented egg whites dried at 45°C for 30 h.
Foaming capacity increased with increasing drying time.
Although drying egg whites at 50 and 55°C can lower the
foaming capacity, there were no significant differences
between the three drying times used. This means that this
drying temperature did not cause significant damage to the
egg white proteins in solution, which would decrease the
mning power, regardless of drying time. Egg white proteins
play an important role in the formation of foam*. A study by
Hintono et a/° demonstrated that the freeze-drying proteins
at a pressure of a certain thickness cause them to undergo
structural changes that reduce the foaming power. Although
sensitive and coagulated egg whites at a temperature of
54=C'.

Moreover, egg whites that have been fermented and then
driedfor30hatall treatment temperature levels used indicate
anincrease in foaming capacity (Fig. 1). However, the addition

of 39 and 48 h drying time will decrease the foam capacity. An
optimal foam capacity of 505% was obtained after drying at
45°Cfor48 h.The foaming capacity obtained was higherthan
that obtained from a previous study using freeze-dried egg
whites (339%)° but slightly lower than that of fresh egg whites
(526%)' and yeast-fermented egg white powder with added
sucrose after pan-drying (523%)".

Foam stabilitggTable 2 shows that neither drying temperature
nor duration had a significant effect on the foam stability of
fermented egg white powder solutions, even though the
average foam stability increased with increasing drying
temperaturaggligh temperatures can damage proteins in food
and protein?ays an important role in the stability of foams,
which represents a surface active material. Surface active
properties include formation and stabilization of the dispersed
gas phase* as aresult of the heating process, which make the
foam more stable. Thus, proteins denatured by heating should
lead to positive changes in the stability of the foam. However,
Koc et a/'® reported that foam stability was reduced due to
protein denaturation. The maximum foam stability found in

Foaming capacity (%)

400 T T T
30 34 48

Drying time (h)

Fig. 1: Relationship between drying time and temperature on

the foaming capacity of fermented egg white powder

Table 1: Foaming capacity of fermented egg white powder pan-dried at different temperatures and times

Time (h)
Temperature (°C) 30 43 Mean
45 437.98+37.31= 481.08+26.73w 505.73%£33.13= 474.93141.71
50 482.31+£33.13 463.121+29.36% 477.54£27 83 4743312861
55 48520+ 16.85" 4828012279 459.55+£30.57 475.851+24.89
Mean 468.50+35.58 475.67125.65 480941340 4750313161
*Following numbers on the same row and ***following numbers in the same column indicate significant differences (p<0.05)

2
Table 2: Foam stability of ferme ntede.gg white powder after pan-drying at different temperatures and times

Time (h)

Temperature (°C) 30 48 Mean
45 99.87+0.06 99.81+0.07 99841009 99.84+0.07
50 99.91+0.06 99.91+0.04 99.85+0.11 99.89+0.08
55 99.8610.09 99.931+0.02 99901005 99.90+0.06
Mean 99.8810.06 99.88+0.07 9986+ 008 99.88+0.07
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2
Table 3: Solubility of fermented egg white powder after pan-drying at different temperatures and times (g)

Time (h)
Temperature (°C) 30 48 Mean
45 0.45710.06 0.36910.08 0.40210.03 04091007
50 0.51110.08 0.35110.04 04771011 0446010
55 0.570+0.09 0.48410.06 04301011 0.495+0.10°
Mean 3 0.513+0.09° 0.40210.08° A43610.09° 04501010

*Fpllowing numbers in the same column indicate significant differences (p<0.05) and **following numbers in the same row indicate highly significant differences

(p<0.01)

Table 4: Coagulation time of fermented egg white powder after pan-drying at different temperatures and times

Time (h)
Temperature (°C) 30 48 Mean
45 22172049~ 23424020~ 3467110 26751084
50 27331090~ 3.717+0.88% 2942+ 031 3131+081°
55 23671048~ 2.300%0.209= 216710160 227810312
Mean 24391063 27861085 28581079 26941077

*5:Fgllowing numbers in the same column and ##*following numbers in the same column and row indicate significant differences (p<0.05)

the current study was 100%, which is much higher than that
of fresh egg white foam (71%)", foam from freeze-dried egg
whites (98%)° and yeast-fermented egg whites with added
sucrose and pan-dried (65%)".

Powder gubility: The solubility of fermented egg white
powder was assessed by soaking and dissolving samples in
distilled water for 24 h™. Analysis of variance (Table 3) gpgwed
that drying temperature and duration significantly (p<0.05)
?cted the solubility of fermented egg white powder, but
there was not a significant (p>Qg®) interaction between
treatments. Currentresults showed the solubility of fermented
egg white powder increased with increased drying
temperature. The solubility of the fermented egg powder
significantly increased (p<0.05) in line with the increased use
of drying temperature. Although the solubility of the
fermented egg powder using 45 and 55°C was not
significantly different from the use of 50°C. Solubility changes
at 55°Cand 45 may be caused by a drying process that causes
the protein to coagulate by heat. The coagulated protein may
decrease the solubility value of egg powder. A study by
Bergquist'® suggests that fermented white egg coagulation
occurs at 54°C. Microbes in fermentation activity have broken
down the structure of the protein macromolecule into a
simpler structure, requiring higher temperatures to
agglomerate proteins. Thus, heating toatemperature of 55°C
does not likely damage the overall structure of the proteins,
allowinw resultant egg white powder to still dissolve well.

The solubility of fermented egg white powder decreased
significantly with increased drying time. However, there was
no significanqiifference from 39-48 h. This suggests that
drying time plays an important role in the solubility of

fermented egg white powder; long drying times can result in
denaturation of protein, which reduces their solubility. These
resultsarein accordance with that of Legowo and Hayakawa'®,
who showed that prolonged heating resulted in protein
coagulatiogwhich in turn, reduces solubility of the resultant
product®. The solubility of fermented egg white powder
was optimal (57%) after drying for 30 h at 55°C. This
solubility percentage is much lower than that reported by
Nahariah et al™ using yeast-fermented egg white powder
(78%). This difference was likely caused by treatment
differences in each study.

Coagulation time: Amalysis of variance (Table 4) showed that
drying temperature had a highly significant (p<0.01) effecton
the coagulation time of fermented egg white powder, while
drying time did not. However, there was a significant
interaction between the two treatments (p<0.05). The results
showed that coagulation time on egg white powder
fermentation has increased in line with the increasing of
drying temperature. A drying temperature of 55°C, on the
otherhand, markedly decreased the coagulation time so that
it was not significantly different from that of fermented eqgg
white powder dried at 45°C. The increased coagulation time
of powders dried at 50°C was likely due to incomplete
removal of water from the egg whites. Free water molecules
in the egg whites will speed up the protein binding process
with water, so the coagulation reaction is accelerated by the
heating process. This is in accordance with a report by
Winarno and Koswara®, who stated that the formation of
protein and water molecular bonds due to heat causes protein
clumping or coagulation of proteins. The decrease in
coagulation time of eggwhites driedat55°Cis inagreement
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Fig. 2: Relationship between drying time and temperature
on the coagulation time of fermented egg white
powder

with Winarno and Koswara®, who stated that higher drying
temperaturesresultedin decreased coagulationtime. Thereis
a long drying tendency to reduce coagulation time. This isin
accordance with the opinion of Legowo and Hayakawa'? that,
coagulationis influenced by the duration of heating.

Figure 2 shows the interaction between drying
temperature and duration on fermented egg white powder
coagulation time. The use of 45 drying temperatures on the
manufacture of egg white powder fermentation can increase
of the coagulation time. Furthermore, coagulation time will
increase if the drying time was longer. While the coagulation
time significantly increased as the drying timeincreased from
30and 39 hata drying temperature of 50°C, drying for 48 h at
this temperature significantly reduced the coagulation time.
However, the coagulation time was not significantly different
between powders dried for 30 and 48 h. These results suggest
that, in general, increased drying temperature and duration
leads to increased coagulation time, but at a certain
temperature and drying time will also reduce coagulation
time.

Heating results in changes to proteins in food that can
lead to coagulation or gelatinized of products. Coagulation is
a chemical process that converts liquids into gels®.
Coagulation is marked by changes in the three-dimensional
structure of long-chain molecules. Coagulation time on
dried egg white powder fermentation at 50°C for 39 h was
3.717 min, which was faster than fresh egg whites (15 min),
dried freeze dried egg (5.33 min)’, egg whites dried at
temperature 77-90°C (7-60 min)" and egg white fermented
yeast (65.55 min)'*. Pan-drying at high temperatures for short
periods of time and low temperatures for long periods were
able to improve the foaming capacity and stability, powder
solubility and coagulation time of fermented egg white
powder.

CONCLUSION

Fermented egg whites pan-dried at 45°C for 48 h
enhance their foaming capacity and stability. However, to
improve the powder's solubility and coagulation time,
pan-drying should be performed at 50°C for 39 h.

SIGNIFICANCE STATEMENT

The present study determined the precise drying
temperature(s) andtime(s) needed toproduce fermented egg
white powder with optimal functional characteristics. This
researchwillaid the development of processed food products
based on egg powder. Furthermore, current results will
provide an overview of the utilization of other fermented egg
powders in future.
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