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Table 1- pH, pasteurization conditions of egg products, adequacy of pasteurization and drying

Conditions of whole egg

No. pH Pasteurization Drying Pasteurization
time-temperature time-temperature adequacy

1 (control) 7.6 65°Cand 2.5 min 58°Cand5h ¥
EnzymaticT. 7.6 65°Cand2.5min 58°Cand5h ¥
2 6.6 65°Cand 2.5 min 58 °Cand5h ¥

3 56 65°Cand 2.5 min 58 °Cand5h ¥

4 4.6 65°Cand25min 58 °Cand5h +

Conditions of egg white

1 (control) 9 65 °C and 2.5 min 56 °Cand 4 h ¥
Enzymatic T. 9 65 °C and 2.5 min 56 °Cand 4 h n
2 8 65 °C and 2.5 min 56 °Cand 4 h ¥

3 7 65 °C and 2.5 min 56 °Cand 4 h ¥

4 6 65 °C and 2.5 min 56 °Cand 4 h ¥

ol 5 ald 5 ot @l sl olsi ula
OolSan 5 Sulal) wu aladl 132 50 K, (sl sl
saliinl b §ye aa3 31 (OSHK Bia) pladais (Y- e
Sad 5 s VBl 3SHE oS5 auinl o)
SO 5 g Slus et 5 g2 SAE 586 (0 S
e - QU I IR W P JP R K et S| K FUNE-*
Ol aas il (550 oY pans Ho ), S
5 emi Hug oo Oad slesgd Hle 5 (ssalls S5,
ol slagis, 5l ad Wl ee JolS fye pas
(718 JSlas 5 01S) € 18

Jols £ pa 03 5093 (alsaseds (oS358 Olauss gusd
(JolS Fre add o S chdS o HudS (p age
O30l 5 oAl «S el caTnd Gadd gl 58 (1Sl
(Lloomel bS5 5 oK w3 (uSIy) (gladas
ok o9 s e I8 LB cald 1 ous Jseae
) S i sl St s Lai 55 PH (ol s
Sy sy K, pH €/1 4 (aala ) pH VA )
Sa 3 aa oS ol ol bgile)] mb Ses
PH L slads pa conds 050, 5isly JolS §50 ads ads
4 ol DA 4 wiu s G te a3 VT (aald) VA sla

0% oasSseas 5 pbad palsa b SLS S s b
GoSsla LacslS )l Sae o153l SIS 5 4S fye adS
Lo gs ail g oo WaadS (g 803 ) Guy Lol S o
(LeSL Logais) At (lapuslS) ) Sue
8355 03 S usSee Lol by buae Hu ssase
o st e ln we S sssll 8wy
S5 wiiS glag e ad3 5l soliiul a3 Y sallus
Susll @ colian gy 5o oo gllo b osuja
ALY S ITETIR NIRRT PR XA L N
oY gmns 3l CyoSae YL vlasd sl (Ses aa La
03 (Yoo oLlKaa 5 0 S) WS ala mbe e aa3
O o O 6l Sola wwlnd i el

S oo by lae 3508 Lac g See
eY peane w5 s o gl g Gud sle el Lles
— S35 sleias (B3l JUES cga e adS (sou
L obl bolyd mha ol age sl o8l sla
A s s wb Lol rsl8 dsb s sl
© ol B ool Bl asee goid olallas 0,8
(OSHE aiilo) suii€ clial slanid (iiSan s Gus psuds

9 Laaal gl (8555 5 a5 se el slasy S



VY Jlo /Y oyless YY als / lie mlio (cbaingly & uis

JolS fre ad3 Husr g o SYBIS-Hlans) KK
gre 035 Oupeliosinly (b sl oo w65 oo
—omel LS b 5 g b Wil KK (s
G ooake oS suly ISl W Ml e Gk )l
K)o olsS5 Ao pad Jslael (pank a ol
gro a5 Ly ou 1y v olLEE S sk (sleggs
allas ol (VA (G 5 8) sas e Glas
Al b SK 8aa L S fui oS ols glis
Sada 51 dd mle g aad 5o u)Mle (S cullas

ol oSl BB g0 50a B ple Jpmne (0 S

355 8081 3L as T b ad (slo sgd GEST LiSlaa
biigioan 50 & Blad HIpH o/1 L € gad LlEs o
e 5 (st olas) VU sla pH L slacisas
Sl B () JS) S50 (S5 JBlaa) 250y
3 sael sy JolS § 50 223 Huss ) JSB 50 asa g
Lo 55 S sanslanal SbIA 4 el las Gk
i€ aels) SYBIC ay il K& L HlaseSI K K o550
L3 Geob 5 Gsrelansl Jae 5L o5 50
1 e Gud glo g8 o sieS (O350 weal 5y
Y SE Ho ssase glasaly cspe Lol by eniils

cuxl Ll s pH N € wa Sem

0/6 -

0/5 -

Nonenzymatic browning (Color units g%)

(Control)

7.6 7.6 (Enzym 6/6
)

pH

JolS £y p33 a9y 53 a0 gad acdi (510 963 3 s T Hlass 9 PH yass ;86 -Y Jsib
Figure 1- Effect of pH change and enzymatic treatment on non-enzymatic browning in whole egg powder
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Figure 2- Effect of pH change and enzymatic treatment on foaming action of whole egg powder
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Table 2 - Physicochemical properties of whole egg and white egg powder

whole egg powder

white egg powder

No. pH

Moisture (%) pH

Moisture (%)

1 (control) 7.6
Enzymatic T. 7.6

2 6.6
3 5.6
4 4.6

5+0.02
4.75%0.01
4.75%0.13
5.12+0.08
4.85+0.25

4.85+0.08
4.75%0.11
5.03+0.02
5.06+0.06
4.85+0.12
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Figure 3- Effect of pH change and enzymatic treatment on non-enzymatic browning in egg white powder
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Figure 4- Effect of pH change and enzymatic treatment on foaming action of egg white powder
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Table 3- Sensory properties of whole egg and white egg powder

whole egg powder white egg powder
No. Appearance Thermal Clotting Appearance Thermal Clotting
color stability color stability
1 (control) 2 3 4 2 2 2
Enzymatic T. 5 4 4 5 5 5
2 2 4 5 5 5 5
3 5 5 5 5 4 4
4 5 5 5 5 5 5
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Introduction: Effective factors for increasing the quality of dried egg products have been studied
by various researchers (Bergquist 1995). Non-enzymatic browning (Millard) is the reaction between
amino group (proteins/amino acids) and glucose that occurred during production of egg powder,
leading to undesirable color and lower nutritional values (Sisak et al., 2006). In order to remove
negative effect of glucose from liquid egg before producing the powder, glucose oxidase enzyme is
applied to prevent non-enzymatic browning. This enzyme catalyzes the oxidation of glucose to
gluconolactone and hydrogen peroxide, which is followed by the production of gluconic acid
(Wang et al. 2008). In addition, the hydrogen peroxide produced in the reaction can also kill or
inhibit the growth of microorganisms (Dobbenie et al., 1995).

Materials and methods: Eggs were washed, disinfected and separated to be ready for treating and
processing. Liquid whole egg and egg white are transferred into glass jars and mixed to become
homogeneous. Citric acid treatment (10% solution) and glucose oxidase-catalase mixture were used
to eliminate or minimize the effect of glucose in all samples. In enzymatic method, liquid whole egg
(pH 7.6) and liquid egg white (pH 9) was treated with glucose oxidase-catalase (30°C-6 h) for
removing glucose effect. In the acidic method, citric acid was applied to adjust pH of liquid whole
egg on 7.6 (control), 6.6, 5.6 and 4.6 and liquid egg white, on 9 (control), 8, 7 and 6 and then they
were pasteurized by water bath (65°C- 2.5min). Pasteurization of white and whole egg was
evaluated based on inactivation of alpha-amylase (S. senftenbarg 557W). The measured parameters
were pH, non-enzymatic browning color, foaming volume, pasteurization adequacy, sensory
properties. Experiments were conducted in completely randomized design with three replicates.
Results and discussion: Powdered eggs should retain maximum physicochemical, appearance
color and sensory properties of the fresh egg. The pasteurization index in white and whole egg was
based on the killing S. senftenbarg 557W pathogenic bacterium. Therefore, adequacy of
pasteurization is measured based on the inactivation of alpha-amylase enzyme (65°C-2.5 min) (da
Silva et al., 2017). Evaluation of alpha-amylase activity is a rapid test (starch-iodine complex) to
evaluate the pasteurization efficiency of liquid egg products. Decreasing the pH of liquid whole egg
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from pH 7.6 (control) to pH 4.6 using citric acid (10% solution) resulted in lighter color of the
samples. The results showed that after drying pasteurized eggs, the samples with pHs of 7.6
(control) and 6.6 had the darkest color due to maximum non-enzymatic browning reaction. In
contrast, samples with pH 5.6 had a moderate color, while samples with pHs of 7.6 (enzymatic
treatment) and 4.6 had the brightest color. The results indicated that foaming ability of reconstituted
whole egg powders were higher at pHs 5.6 and 4.6 in compared to other pHs. The sample with pH
4.6 and pH 7.6 showed the highest (72%) and the lowest (55%) foaming capacity, respectively. The
enzyme-treated sample (pH 7.6) had moderate foaming capacity. Semi-trained sensory assessors
were used to evaluate sensory attributes such as color, thermal stability and clotting of egg powder
during reconstruction. In terms of moisture according to the national standard of Iran (National
Standard 2487, 1396), all samples with different pHs had the standard moisture range (4.5-5%).
Regarding the physicochemical properties of egg white, decreasing pH of the samples from pH 9
(control) to 6 pH with citric acid (10% solution), caused the brighter color of the samples. The
results showed that sample of egg white dried with pH 9 (control) had the darkest color due to the
maximum non-enzymatic browning reaction in contrast the samples with pHs 9 (enzymatic
treatment), 8, 7 and 6 lightest color (minimum color reaction). The foaming ability of the
reconstituted white powder was higher at pHs 6 and 8 as compared to other pHs such as control and
enzymatic treatment, while the foaming capacity was moderate at pH 7. The samples with pH 6 and
control (9 pH) had the highest (82%) and the lowest (65%) foaming, respectively. Semi-
trained sensory assessors were used to evaluate sensory attributes such as color, thermal stability
and clotting of white powder during reconstruction. In terms of moisture according to the national
standard of Iran (National Standard 2487, 1396), all samples with different pHs had a standard
moisture range (4.5-5%).

Conclusion: Glucose is the main problematic component in production of egg powders, which
mainly affects the appearance of products and its negative effect is through the non-enzymatic
browning reaction. Acidic methods (citric acid) is applied to reduce pH and minimize the effect of
glucose as a rapid method and also enzymatic treatment (glucose oxidase-catalase) applied to
remove glucose and inhibit the reaction of non-enzymatic browning and subsequently discoloration
of powdered samples. The foaming ability of reconstituted powder products was good at low pHs.
In contrast, properties such as thermal stability and clotting displayed different behavior at different
pHSs.

Keywords: Acid treatment, Glucose, Enzymatic system, Non-enzymatic browning reaction,
Foaming ability



