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Recent studies seek to find alternatives for prolonging the storage period of hatching 
eggs, through which it is possible to reduce the unfavorable effects of storage and 
increase the pH value. Therefore, researchers tended to the process of injecting 
hatching eggs with biological buffers to enhance the ability of eggs albumen to 
regulate the pH value in storage to be appropriate for embryo development. The 
process of injecting hatching eggs (in ovo injection) is one of the early feeding 
techniques for the embryo inside the egg for obtaining chicks of a high ability of 
production. Among the injectable buffers are HEPES, Tris, Bicine, and Bis-Tris-
Propane (BTP).      

KEYWORDS 
 

Elongation storage period, In 
ovo injection, HEPES, Tris, 
Bicine, Bis-Tris-Propahe (BTP) 

 

1. Introduction The hatching eggs produced by broiler breedes are the core of the poultry industry's 
development due to their importance in Multiplying chicks and providing white meat. With the 
development of this industry, the demand for good quality hatching eggs increased to enhance the 
hatchability percentage and produce chicks with chick qualities. Thus, storing hatching eggs became one of 
the necessary and prevalent processes in the fields of Broiler breeding and commercial hatcheries (Fasenko, 
2007). 
Storing eggs for a long time results in many problems leading to the deterioration of the egg's internal 
quality and thus leading to a decrease in the hatchability and death of embryonic cells in the early stages, as 
well as the loss of moisture from inside the egg during the storage process and consequently to a change in 
the pH value of the egg as well as a decrease in albumen viscosity (Meijerhof, 1992). Storing hatching eggs 
for up to 21 days leads to a decrease in hatchability from 91% to 71% (Dymond et al., 2013). Bakst et al. 
(2012) showed also that embryonic cells die inside the egg after a period of up to 10-12 days of storing 
hatching eggs.  
Many studies have sought to find appropriate solutions to the problem of storing hatching eggs, which can 
reduce the negative effects of storage and at the same time maintain the internal quality of the egg. One of 
these solutions is to spray the eggshell with oil before the storage process to close the pores as well as 
prevent the evaporation of water from inside the egg during the storage process (Hill and Hall et al., 1980). 
Another study suggests storing hatching eggs in rooms with high humidity to reduce the evaporation of 
water from inside the egg (Van den Brand et al., 2008). 
(Reijrink et al., 2008) indicated that injecting hatching eggs with biological buffers to enhance the ability of 
egg albumen to regulate the pH value between 7.9 -8.4, during the storage period, which is the pH value 
appropriate for embryonic development. 
 
2. Storage effect on the pH value of eggs albumen and yolks 
The egg white (albumen) fills the utmost part of the egg contents. It constitutes 56-61% of the total egg 
weight, while the yolk, a protein colloidal solution, constitutes 27-32% (Sugino et al. 1997). When an egg 
is laid, the pH value of the albumen is 7.6, but after storing, changes occur in the composition of the white, 
including changes in the percentage of moisture, protein, and viscosity of the albumen, as well as in the pH 
value. As the yolk, when laying eggs, the pH value ranges 6.0 - 6.3, and then the pH value of the yolk 
slowly rises to reach a value ranging between 6.5 and 6.8, in addition to several other changes that may 
occur in the yolk during storage (Stern, 1991). Reijrink et al. (2008) suggest that the pH of the albumen is 
one of the most critical factors affecting the yolk index and the resistance of the vitelline membrane, as the 
albumen pH affects the chalaziferous layer, which is a layer consisting of fibers and a gelatinous substance 
covering the egg yolk, where the yolk membrane resistance depends on this layer's viscosity.  
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Nadia et al. (2012) demonstrated that the yolk acidity does not depend on bicarbonate, as is the case with 
egg albumen during storing eggs, but the reason for the slight rise in pH value of the yolk is due to the 
transfer of proteins as well as free amino acids from the albumen to the yolk through the yolk membrane 
which is due to the in osmotic pressure between the yolk and the white, and this transition continues until 
the point of equilibrium. 
3. Biological Buffers  
They are chemical solutions prepared in the laboratory and have the ability to resist considerable changes in 
the pH value in the medium in which the proteins are present when an acid or a base is added to them. The 
buffer solution regulates the pH value to be equal to or close to the fixed value. It consists of a mixture of a 
weak acid and its conjugate base (acid salt) or a weak base and its conjugate acid (base salt) (Hulanicki, 
1987). Most of the biological solutions have been developed into solutions with effective protective 
properties called Good's buffers that are widely used in aqueous media and are insoluble in almost all 
organic solvents. Good's buffer solutions have some substantial properties, including they are non-toxic, 
soluble in water, chemically stable, slightly affected by changes in temperature and concentrations, they do 
not participate in biological reactions, and their absorption of ultraviolet rays is very low at a wavelength 
greater than 260 nm, as well as they are easy to prepare (Mohamed, 2016 
 
4. The most important types of biological buffers among Good's buffer are: 
4.1 HEPES buffer      
[H; N-(2-Hydroxyethyl) piperazine-N′-(2-ethane sulfonic acid)] is another name for it. HEPES is one of the 
20 types of Good's buffer, which is a buffer solution of sulfonic acid, commonly used in cell culture 
because it is the best in maintaining the pH value despite the changes occurring in the concentration of CO2 
as a result of aerobic respiration compared to a bicarbonate buffer solution since HEPES has a pH range 
between 6.8 - 8.2 and a molecular weight of 238.30 Daltons (Taylor and Baicu, 2002). according to a study 
by Kannan et al (2017) to understand the effect of HEPES buffer on the biodegradation behavior of pure 
magnesium moiety in physiological solution. The results indicated that the HEPES buffer accelerates the 
decomposition of magnesium. When HEPES buffer at a concentration of 25 Mm was added to a 
physiological solution, it reduced the polarization resistance of magnesium by 98%, while increasing the 
HEPES buffer concentration to 50 Mm it increased the decomposition of magnesium 
4.2 Tris buffer  
T stands for Tris (hydroxymethyl)-amino methane in chemistry.. Tris is one of Good's buffers. Its chemical 
formula is C4H11NO3. It is widely used in biochemistry and molecular biology (Gomori, 1995). Tris 
buffer regulates the enzymes trypsin and chymotrypsin. It was found that it affects the covalent fixation in 
two ways in terms of reducing the number of Glyoxy1 groups available for support during covalent fixation 
(Sabrina et al. 2021). In a study, buffers were used to determine the molecular weight of some proteins and 
peptides compared to the electrophoresis system. The Tris buffer was among. When compared to other 
reagents, the Tris buffer gave more accurate results for the molecular weight range of proteins. This means 
that it can break down a large group of proteins into small peptides (Steven and Gregerson, 1986). 
4.3 Bicine buffer 
It is also called [B; N,N-Bis(2-hydroxyethyl)-glycine]. Bicine buffer is an organic compound, and it is one 
of the types of Good's buffers. Its chemical formula is C6H13NO4. It has a pH value between 7.6 - 9.0 
(Lawson, 2003). The chemical composition of Bicine buffer is shown in Figure (1). 
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               Figure 1. Chemical composition of Bicine buffer 
 
 
 
 

4.4 Bis – Tris – Propane (BTP) buffer 
It's known as [BTP; 1,3-Bis [Tris(hydroxymethyl)-methylamino] propane. It is one of the Good's buffers. It 
is a chemical substance used in buffer solutions as well as used in biochemistry and molecular biology. Its 
chemical name is C11H26N2O6. This buffer has some properties, including that is a white to yellow 
crystalline powder, highly soluble in water, its melting point ranging between 164-165 degrees Celsius, and 
it has a pH range between 6.3 - 9.5 (Song, 2003). 
 
5. Effect of Bicine buffer injection on the pH value of albumen and yolks 
Table 1 shows that the effect of storage did not differ significantly in the pH value of albumen and yolk on 
day zero of storage nor after 6 hours of injection and storage. Yet, at the end of the storage period, it was 
noticed that the treatment of eggs stored for 14 days was superior in the pH value of albumen and yolk to 
the other treatments (Muna,2021). This result is in line with the findings of many studies, which show that 
the longer an egg is stored, the higher the pH of the albumen, which affects the value of the yolk (Reijrink 
et al., 2008; Nadia et al., 2012). 
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Table (1)  Effect of Bicine buffer injection on the pH value of whites and yolks 

Egg yolk Egg whites Transactions 
End stock 6 Hours zero End stock 6 Hours zero 

injection stock 
Effect of egg storage agent 

b 6.08 5.29 5.80 c 8.53 8.10 7.87 4 
b 6.11 5.92 5.82 b  8.60 8.09 7.90 7 
a 6.19 5.98 5.86 a 8.88 8.18 7.89 14 
0.0001 0.2234 0.2504 0.0001 0.0195 0.8033 Storage probability 

Injection factor strain 

a 6.18 6.00 5.84 a 9.10 8.14 7.90 Storage only 
b 6.09 5.92 5.84 b 8.77 8.13 7.88 Egg hole only 
a 6.18 5.93 5.84 a 9.00 8.14 7.90 Distilled water 

injection 
ab 6.12 5.92 5.80 c 8.28 8.06 7.88 Injection B50 
b 6.08 5.93 5.78 c 8.29 5.14 7.87 Injection B75   
0.0029 0.4590 0.5758 0.0001 0.3280 0.9438 Possible injection 

See the overlap between storage factor and injection factor 

ab 6.14 ab 5.98 5.78 b 8.98 abc 8.20  7.92 Storage only 

4 

d 5.94 ab 5.94 5.84 c 8.08 c 8.02 7.86 Egg hole only 
a 6.22 b 5.92 5.72 ab 9.10 abc 8.12 7.84 Distilled water 

injection 
ab 6.14 b 5.88 5.78 c 8.28 bc 8.08 7.84 Injection B50 
cd 5.98 b 5.92 5.88 c 8.22 bc 8.08 7.92 Injection B75   

ab 6.14 b 5.90 5.86 b 9.00 bc 8.08 7.88 Storage only 

7 

ab 6.14 b 5.88 5.82 b 8.92 bc 8.10 7.88 Egg hole only 
ab 6.14 b 5.88 5.88 b 8.88 abc 8.12 7.90 Distilled water 

injection 
bc 6.08 ab 6.02 5.80 c 8.22 bc 8.08 7.98 Injection B50 
bc 6.08 b 5.92 5.74 c 8.28 bc 8.10 7.86 Injection B75   

a 6.26 a 6.12 5.90 a 9.34 abc 8.16 7.92 Storage only 

14 

ab 6.20 ab 5.94 5.88 a 9.32 a 8.28 7.90 Egg hole only 
ab 6.18 ab 6.00 5.94 b 9.02 abc 8.20 7.98 Distilled water 

injection 
ab 6.14 b 5.88 5.84 c 8.34 c 8.04 7.84 Injection B50 
ab 6.18 ab 5.96 5.74 c 8.38 ab 8.24 7.84 Injection B75   

0.0001 0.2516 0.2372 0.0001 0.0467 0.8618 Possibility of 
interference 

6.13 5.94 5.82 8.69 8.12 7.89 2General average 
0.0130 0.0155 0.0152 0.0543 0.0151 0.0152 3SEM 
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1- Trial treatment - Storage only, Pocking only eggs with storage, Distilled water injection with 
storage, Circulated injection B50mM with storage , Circulated injection B75mM with storage. These 
treatments are the same for each period of egg storage, 4, 7 and 14 per day 

2- The general average of an experiment. 
3- SEM - standard error mean. 
4- The different letters within a column indicate significant differences between the mean of 

treatment at.0.05 and 0,01. 

 
       (Muna,2021) 
 
 
6. Effect of Tris buffer injection on the pH value of albumen and yolks 
Table 2 shows the effect of Tris buffer injection on the pH value of the albumen and yolks of the hatching 
eggs stored for 4, 7, and 14 days. The table illustrates no significant differences in the effect of storage on 
the pH value of the albumen at day zero of storage, yet, after 6 hours of storage, the treatment of storing 
eggs for 14 days was superior over the rest of the treatments. At the end of the storage period, the treatment 
of eggs storage for 14 days was also superior to the other treatments. This is due to the increase in the water 
evaporation from inside the egg when the storage period is prolonged, leading to a loss of CO2 gas and thus 
a rise in the albumen pH value at the end of the storage period (Muna,2021). It is consistent with (Xavier et 
al., 2008), This result was reflected in the yolk pH value at the end of the storage period due to the transfer 
of some substances from albumen to yolk and vice versa through the yolk membrane, which led to an 
increase in the value of the yolk (Bakst and Holm, 2003). 
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Table (2) Effect of Tris buffer injection on the pH of egg white and yolk of hatching eggs stored for 
different periods 

Egg yolk Egg whites Transactions 
End stock 6 Hours zero End stock 6 Hours zero 

injection stock 
Effect of egg storage agent 

  c 5.90 b 5.84 5.78 b 8.48 c 7.96 7.88 4 
b 5.99 ab 5.86 5.77 b 8.46 b 8.06 7.84 7 
a 6.12 a 5.93 5.82 a 8.78 a 8.18 7.84 14 
0.0001 0.0187 0.2314 0.0001 0.0001 0.3723 Storage probability 

Injection factor strain 

a 6.16 a 5.83 5.93 a 8.99 8.08 7.86 Storage only 
b 6.00 a 5.79 5.91 a 9.01  8.12 7.87 Egg hole only 
b 5.99 ab 5.81 5.90 b 8.49 8.12 7.85 Distilled water injection 
b 5.99 ab 5.77 5.85 c 8.21 8.01 7.85 Injection T50 
b 5.94 b 5.77 5.81 c 8.21 8.01 7.85 Injection T75   
0.0072 0.0416 0.5172 0.0001 0.0561 0.9934 Possible injection 

See the overlap between storage factor and injection factor 

bcde 6.06 bc 5.84 5.76 c 8.88 ab 8.10 7.90 Storage only 

4 

def 5.90 ab 5.96 5.78 bc 8.96 ab 8.06. 7.88 Egg hole only 
def 5.90 bc 5.80 5.82 d 8.28 bc 8.00 7.84 Distilled water 

injection 
f 5.82 bc 5.82 5.78 c 8.14 c 7.84 7.80 Injection T50 
ef 5.86 c 5.78 5.80 d 8.18 c 7.82 7.80 Injection T75   

bcde 6.00 bc 5.86 5.86 c 8.84 bc 7.98 7.82 Storage only 

7 

cdef 5.96 bc 5.82 5.72 c 8.92 ab 8.10 7.84 Egg hole only 
bcd 6.04 abc 5.94 5.80 d 8.16 ab 8.12 7.90 Distilled water 

injection 
bcd 6.06 bc 5.88 5.76 d 8.20 ab 8.06 7.94 Injection T50 
def 5.90 bc 5.84 5.74 d 8.22 ab 8.06 7.92 Injection T75   

a 6.30 a 6.08 5.86 a 9.24 ab 8.16 7.86 Storage only 

14 

ab 6.14 ab 5.96 5.88 ab 9.14 a 8.20 7.88 Egg hole only 
bcd 6.04 ab 5.96 5.82 bc 9.04 a 8.24 7.82 Distilled water 

injection 
bc 6.10 ab 5.84 5.78 d 8.30 ab 8.14 7.82 Injection T50 

bcd 6.06 bc 5.82 5.78 d 8.22 ab 8.16 7.82 Injection T75   

0.0001 0.0053 0.4703 0.0001 0.0001 0.7820 Possibility of 
interference 

6.00 5.88 5.79 8.58 8.06 7.85 2General average 
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0.0186 0.0150 0.0117 0.0495 0.0192 0.0135 3SEM 

1- Trial treatment - Storage only, Pocking only eggs with storage, Distilled water injection with 
storage, Circulated injection T50mM with storage , Circulated injection T75mM with storage. These 
treatments are the same for each period of egg storage, 4, 7 and 14 per day 

2- The general average of an experiment. 
3- SEM - standard error mean. 
4- The different letters within a column indicate significant differences between the mean of treatment 

at.0.05 and 0,01. 

 
          (Muna,2021) 
 
 
7. Conclusions 
- The Bicine and Tris buffers used in the current study helped to maintain the pH of the albumen      
and yolk at the end of the storage period and made it within the allowed range for embryonic growth. 
- We conclude from this study that the best buffer in terms of maintaining the pH value of the 
albumen and yolk is Bicine at the concentration of B75 and Tris at the concentration of T75. 
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