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 Blood is a body fluid whose stability can be influenced by both internal and 

external factors such as storage period. Storing blood specimens for a long time 

can cause changes in the physiological condition of blood cells such as color, 

size, shape and cell formation. This study aims to determine the effect of the 

storage period for donor blood specimens at UTD RSUP dr. Kariadi Semarang on 

hemoglobin levels and erythrocyte morphology. The research design is an 

experiment using a modified Time Series design with a pre and posttest control 

group design. The samples in this study were CPDA-1 (Citrate Phosphate 

Dextrose Adenine) donor blood specimens at the Blood Transfusion Unit of 

RSUP dr. Kariadi Semarang. Observation of erythrocyte cell morphology using 

blood smear preparations (SHD). Primary data was taken from the results of 

measurements of hemoglobin levels and observations of erythrocyte cell 

morphology with blood specimens examined directly (day 0) and storage days 1, 

2, and 3. Analysis of research data used the One-way Anova statistical test. The 

results of the One-Way Anova test showed that there was a significant difference 

in hemoglobin levels on the 3rd day of donor blood storage (p-value 0.000). The 

results of the evaluation of erythrocyte cell morphology showed that there were 

abnormalities in crenation morphology on the 3rd day of storage. Blood 

specimens should be processed immediately after they leave the body because the 

condition of the blood cells is still stable and optimal for use in laboratory tests.  
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 Darah merupakan cairan tubuh yang stabilitasnya dapat dipengaruhi oleh faktor 

baik internal maupun eksternal seperti masa penyimpanan. Masa penyimpanan 

spesimen darah dalam waktu yang lama dapat menyebabkan perubahan pada 

kondisi fisiologis sel darah seperti warna, ukuran, dan bentuk serta formasi sel. 

Penelitian ini bertujuan untuk mengetahui pengaruh masa penyimpanan 

spesimen darah donor di UTD RSUP dr. Kariadi Semarang terhadap kadar 

hemoglobin dan morfologi eritrosit. Desain penelitian adalah eksperimen 

menggunakan rancangan modifikasi Time Series dengan pre dan posttest control 

group design. Sampel dalam penelitian ini yaitu spesimen darah donor CPDA-1 

(Citrate Phosphate Dextrose Adenine) di Unit Transfusi Darah RSUP dr. Kariadi 

Semarang. Pengamatan morfologi sel eritrosit menggunakan Sediaan Hapusan 

Darah (SHD). Data primer diambil dari hasil pengukuran kadar hemoglobin dan 

pengamatan morfologi sel eritrosit dengan spesimen darah yang diperiksa 

langsung (hari ke-0) dan penyimpanan hari ke-1, 2, dan 3. Analisis data 

penelitian menggunakan uji statistic One-way Anova. Hasil uji One Way Anova 

menunjukkan ada perbedaan yang signifikan kadar hemoglobin pada 

penyimpanan darah donor hari ke-3 (p-value 0.000). Hasil evaluasi morfologi sel 

eritrosit menunjukkan adanya kelainan morfologi krenasi pada penyimpanan 

hari ke-3. Spesimen darah sebaiknya diproses segera setelah keluar dari dalam 

tubuh karena kondisi sel darah masih stabil dan optimal untuk digunakan dalam 

pemeriksaan laboratorium. 
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INTRODUCTION 

The need for blood has continued to increase in recent years. An increase in the need for blood 

is a result of handling accidents, operations or childbirth. Blood supply is needed especially for 

conditions such as blood cancer, burns and anemia. Developing countries such as Indonesia, the death 
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rate due to bleeding due to complications of pregnancy and childbirth reaches 25% of all causes of 

maternal death (Nurhidajat, 2018). Need and availability of blood in unit transfusion It is known that 

blood in Indonesia is still not sufficient to meet needs in line with the increasing frequency of medical 

procedures in health service facilities. According to the World Health Organization The availability of 

blood for a country is around 2% of its population, but it is known that it only provides less than 0.5% 

of this need which is managed and stored by the Blood Bank (Oktarianita et al., 2018).  

A safe blood supply is needed to support patient therapy through blood transfusions so that the 

benefits obtained are more effective because blood is a biological material that can be influenced by 

external factors such as storage time and the environment (Amalia & Sari, 2019). The storage period 

can cause changes in blood components, especially erythrocytes. The storage period for red blood cells 

that is too long causes abnormalities in the morphological condition of the cells. Changes that can 

occur in the morphology of red blood cells such as shape, color and size with the length of time the 

blood is stored. A long storage period can disrupt erythrocyte deformability and will continue 

throughout the storage period (Astina, 2020).  

The storage period for blood causes the erythrocyte cells in the blood to become damaged and 

even die so that if the blood is transfused various kinds of transfusion reactions will occur, besides that 

storage for a long period of time will cause interactions between hemoglobin molecules and 2.3 

Diphosphoglycerate (2,3-DPG) which causes the release of O2 characterized by a shift of the oxygen 

dissociation curve to the left. Damage to erythrocyte cells during storage causes reduced oxygen 

delivered to the tissue because erythrocyte cells become lysed and possibly increases hemoglobin 

levels (Rosyidah et al., 2020). 

Previous research conducted by Rosyidah et al., 2020 showed that there was no effect on the 

storage time of blood bags for 1 to 15 days on hemoglobin levels. Another study by Isti el al., 2018 

showed that there was no effect of donor blood storage time on erythrocyte morphology. Action 

pBlood storage must comply with correct operational standards so that the quality and quality of blood 

is maintained as determined by the Ministry of Health, namely stored in a refrigerator at a temperature 

of 4-8 °C and controls are carried out every day to ensure the temperature remains stable. Blood 

storage system on the unit transfusion blood uses a mechanism first in first out (FIFO) which regulates 

the entry and exit of blood, that is, the first blood that enters is the first that is released (Oktarianita et 

al., 2018).  

  Factors supporting the success of patient treatment are passing transfusion blood, namely the 

availability of a safe blood supply for patients. A good and correct storage method is an appropriate 

standard that can give optimal benefits in treatment through transfusion blood (Audhah et al., 2021). 

Blood is a body fluid that is very sensitive to time and environmental conditions. Previous research 

shows that there is a significant influence on the storage time of donor blood on hemoglobin levels and 

erythrocyte cell morphology. The aim of this study was to determine the effect of long storage time for 

donor blood specimens with storage times of 1, 2 and 3 days on hemoglobin levels and erythrocyte 

morphology. 

   

METHOD  

This research is an observational analytic with time series design by comparing the 

hemoglobin levels in donor blood between the control group (0 hours storage time) with the treatment 

groups of one day (24 hour), two days (48 hours) and three days (72 hours) of storage time. The donor 

blood is stored at temperature around 4-6ºC and monitored every 8 hours based on variations in 

storage time. The research was carried out at the Hematology Laboratory of Muhammadiyah 

University Semarang in May – June 2022. 

Research Sample 

The sample used in this study was one bag fresh Packed Red Cell (PRC) with the 

anticoagulant CPDA-1 (Citrate Phosphate Dextrose Adenine) taken from the Blood Transfusion Unit 

of RSUP dr. Kariadi Semarang. The research samples were divided into 4 groups consisting of control 

(examined immediately), DD1 (1st day of storage), DD2 (2nd day of storage), and DD3 (3rd day of 

storage).  
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Donor Blood Storage Time  

Donor blood specimens are stored inside the refrigerator at a temperature of 4-6º. Storage time 

specimen Donor blood is stored on day 1, day 2 and day 3, then the hemoglobin level is checked and 

the morphology of the erythrocyte cells is observed. 

Examination of Hemoglobin (Hb) Levels 

Donor blood specimens that have been stored are then measured for hemoglobin levels, 

namely on the 1st, 2nd and 3rd day of storage. The method for measuring hemoglobin levels is an 

automatic method using a Hematology Analyzer Mindray BC 2600. Measurement results in g/dl units.  

Morphological Assessment of Erythrocyte Shape  

Assessment of the shape of erythrocyte cells using the Preparation method Smear Thin Blood 

(SHDT). 10 µ blood specimens were taken from each storage treatment, then placed on a glass object, 

then removed with a glass pusher and dried. SHDT fixation using methanol solution until dry then 

painted with Giemsa 10%. Observation of the morphology of erythrocytes using a binocular 

microscope with an objective magnification of 100 times.  

Processing and analysis of data 

Data on examination of hemoglobin levels and erythrocyte morphology are presented in tables 

and graphs. Hemoglobin level data descriptive analysis to determine the mean, maximum and 

minimum hemoglobin levels, then statistical analysis using the One-way ANOVA test to determine 

the effect of storage time for donor blood specimens on hemoglobin levels and assessment of 

morphological abnormalities in the shape of erythrocyte cells.  

 

RESEARCH RESULT 

Table 1. Effect of donor blood storage time on hemoglobin levels 

Storage Time 
Hb Level (g/dl) Average of 

Hb Levels 

(g/dl) 

SD Sig. 
1 2 3 4 5 

Control  25.4 25.6 25.5 25.3 25.3 25.42 0.073 

0.000 
Day 1 25.3 25.3 25.1 24.2 25.2 25.02 1.600 

Day 2 25.6 25.5 25.8 25.6 25.6 25.62 0.100 

Day 3 26.3 26.5 26.5 26.2 26.2 26.34 0.600 

Based on Table 1, the effect of donor blood storage time on hemoglobin levels on days 1 and 2 

showed a no significant increase in hemoglobin levels compared to the control, while the day 3 storage 

time showed a significant increase in hemoglobin levels compared to the control with a standard 

deviation of 0.600 and p-value <0.05 (0.000). This showed that there was a difference in hemoglobin 

levels on blood donor storage time period.  

 

 

 

 

 

 

Figure 1. Graph of average hemoglobin levels based on blood storage time 
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Based on Figure 1, the highest average hemoglobin level occurred on the 3rd day of storage, 

namely 26.34 g/dl and the lowest on the 1st day of storage, namely 25.02 g/dl. Results showed an 

increase in hemoglobin levels that were stored for three days. 

Table 2. Effect of blood storage time on erythrocyte morphology 

Storage Time 
Erythrocyte Morphology Examination Results 

Color Size Form 

Control Normokrom Normosister No abnormalities were found 

Day 1 Normocrom  Normosister No abnormalities were found 

Day 2 Normokrom  Normosister No abnormalities were found 

Day 3 Normokrom  Normosister Crenation deformities 

Based on Table 2, observations of erythrocyte morphology abnormalities regarding storage time 

show that no color and size abnormalities were found on the 0th, 1st, 2nd and 3rd days of storage, 

whereas on the 3rd day of storage, deformities were found, namely crenation cells (Figure 2(d)). The 

results of observations of erythrocyte morphology consisting of color, size and shape in blood stored 

for three days showed that there were no significant changes in either color or cell size, however, on 

the third day of storage, abnormalities were found in the morphology of the shape, namely crenation 

cells. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Erythrocyte morphology on blood specimen storage time  

Information: 

a) Storage day 0: Normochrome color, size 8.0 µm, no deformities on erythrocyte cells in the 

control group.  

b) Storage day 1: Normochrome color, size 7.2 µm, no deformities in erythrocytes in the storage 

group day 1. 

c) 2nd day of storage: Normochrome color, size 7.8 µm, no deformities in erythrocytes in the 

2nd day group. 

d) 3rd day of storage: Normochrome color, size 8.0 µm, had crenation deformities in erythrocyte 

cells in the 3rd day of storage group. 
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DISCUSSION 

Hemoglobin is a protein in red blood cells which plays a role in transporting oxygen from the 

lungs to the tissues and transporting carbon dioxide contained in the body's tissues to the lungs 

(Nurjanah et al., 2023). Cell components found in blood include red blood cells (erythrocytes), white 

blood cells (leukocytes), and platelets. Blood cells can experience changes both macroscopically and 

microscopically, including shape, size, color and formation (Yuliarti, 2021). The results of this study 

are in line with research conducted by Sugireng et al, 2021 which shows the influence of storage time 

of one day, one week, two weeks, three weeks and four weeks on hemoglobin levels. Another study 

conducted by Saidjao et al, 2019 showed the influence of blood bag storage time Packed Red Cell 

(PRC) day one and day fifteen on hemoglobin levels. The long storage time for blood will cause a 

decrease in ATP (Adenosine Tri Phosphate) levels in erythrocyte cells in the blood so that cell 

metabolism is not optimal and becomes damaged (Situmorang et al., 2023). Packed Red Cell blood 

bags experienced a significant increase in hemoglobin levels during storage days 0, 1, 2 and 3. Blood 

that is stored using a blood bag, the condition and stability will be different from blood that is still in 

the body. This condition can increase the hemoglobin levels in the blood due to lysis of erythrocyte 

cells. The effect of blood storage will cause many erythrocytes to die immediately due to a decrease in 

ATP levels. Blood samples should be checked immediately so that stability is maintained. Blood 

specimens with delayed examination should be stored according to operational standards (Rosyida et 

al., 2020). The maximum temperature for storing blood is 6º C, if the temperature is above 6º C will 

occurs bacterial growth and if the temperature is below 2º C it can damage cell membranes due to 

blood clotting which causes hemolysis and this condition can increase the hemoglobin levels the blood 

specimens (Situmorang et al., 2023). 

Blood storage must be carried out according to standards because blood is a biological 

material that can be influenced by many factors such as the environment and temperature. The 

temperature used for storage ranges from 2-6ºC (Pramudita et al., 2024). Storing blood at temperatures 

above 6ºC can trigger the growth of bad microorganisms in the blood, while storing blood at 

temperatures below 2ºC can result in damage to the blood cell membrane due to blood clotting, 

causing the red blood cells to burst (hemolysis). The condition of hemolyzed blood specimens can 

affect hemoglobin levels in the blood (Fajriyani et al., 2019). The storage period can also affect the 

morphology of blood cells, especially erythrocytes. Biomechanical changes that can occur in 

erythrocyte cells in blood during the storage period are changes in shape, size, color, deformability and 

osmotic fragility, as well as the ability to aggregate (Afriansyah et al., 2021). Storage for a certain 

period of time can trigger changes in blood components, especially erythrocyte cells. The storage 

period for blood can affect the physiological condition of erythrocyte cells, which is characterized by 

significant changes in shape and becomes uncontrollable with the length of time the blood is stored 

(Fauziyah et al., 2019).  

The erythrocyte cells in fresh blood are still stable because they have just left the body under 

standard conditions so there have been no physiological changes, however storing blood for days can 

trigger morphological changes such as crenation cells, namely erythrocyte cells that shrink with bulges 

on the cell surface due to loss of intracorpuscular fluid (Asiffa et al., 2020). Erythrocyte cells that 

become created as a result of cell shrinkage with protrusions on the cell surface. Research conducted 

by Isti et al, 2018 showed that the storage time for PRC specimens caused changes in the morphology 

of erythrocytes to sphero-echinocytes. Erythrocyte cells in fresh blood or without storage have not 

experienced a change in shape, but shape changes occur after storage for 72 hours (Maulidan et al., 

2022). 

Changes in the shape of erythrocytes can be influenced by intrinsic factors such as reduction 

of adenosin triphosphat (ATP) or due to extrinsic factors such as increasing the pH of anticoagulants 

(Ridwan et al., 2021). The concentration of intracellular and extracellular fluids also influences 

erythrocyte cell morphology. Hypertonic concentrations cause fluid inside the cells to come out to 

maintain the cells' osmotic pressure. The fluid that comes out of the cells causes cell shrinkage due to 

hemodilution which causes an increase in the concentration of plasma fluid compared to the 

concentration of blood cells, resulting in the formation of crenation cells (Yuliarti, 2021). Apart from 

that, the appearance of crenation cells can also be caused by technical factors such as errors in the 

process of making blood smears (Astina, 2020).  
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Biomechanical changes during the storage period occur due to changes in blood cell 

components, especially erythrocytes, which will experience changes in shape along with the length of 

storage time (Ghenong, 2020). Erythrocyte cells stored in vitro require energy to maintain the shape 

and function of the cells. This energy is obtained from glucose metabolism, namely ATP and oxygen 

(Amalia & Sari, 2019). Metabolism that occurs continuously during the storage period causes a 

decrease in ATP levels which results in the loss of lipid components in the erythrocyte cell membrane 

which triggers a loss of cell elasticity so that the cells become stiff and a rapid change in morphology 

from biconcave to echinocytes with a bulge that eventually becomes sphero echinocyte and crenation 

(Wahdaniah et al., 2020). Another factor such as high concentrations of anticoagulants can cause 

hypertonicity of plasma fluid, which causes intracellular fluid to move out of cells due to extracellular 

osmotic pressure being higher than intracellular osmotic pressure so that erythrocyte cells experience 

shrinkage. This can trigger changes in cell morphology in an abnormal direction (Aridya et al., 2023). 

 

CONCLUSIONS AND RECOMMENDATIONS  

The donor blood storage time on days 1 and 2 did not have a significant effect on hemoglobin 

levels and erythrocyte cells morphology, while the day 3 storage time showed a significant effect on 

increasing hemoglobin levels and the shape of erythrocyte cells. Blood specimens should be processed 

immediately after leaving the body because the condition of the blood cells is still stable and optimal 

for use in laboratory tests.  
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