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          Introduction 



1. INTRODUCTION 

 Goat, the poor man’s cow, due to its adaptability in harsh environments, 

good productivity and being non-competitive to humans for their resources, became 

the first farm animal to be domesticated. As per 20th livestock census, goat 

population in India was around 148.88 million, an increase of 10.14 per cent from 

the previous census. It is the second largest livestock animal group in India 

accounting for 27.8 per cent of total livestock population (20th livestock census, 

2019). 

Anaemia is a debilitating and often life threatening condition in goats. 

Anemia results in reduction in red blood cells with inadequate oxygen supply to the 

vital organs. Anaemia in goats in our setting is commonly associated with endo and 

ectoparasites and haemoparasites. With considerable reduction in haematological 

indices, specific treatments with regard to the etiology alone may not suffice in such 

cases. Blood transfusion becomes an important life-saving procedure under such a 

circumstance.   

 With rise in emotional and commercial value of farm animals, blood 

transfusions are being increasingly recognized and used. This emergency procedure 

should be timely executed to get better results. As the need overweigh the 

availability, veterinary transfusion should progress from fresh whole blood 

transfusion to targeted component therapy with safe and reliable products. Timely 

unavailability of healthy donors, increased awareness related to proper screening, 

incompatibility and storage lesions has led to the development of different blood 

products, specific storage medias and veterinary blood banks. One unit of whole 

blood collected from individual donor can be separated into different components 

and stored prior to transfusion. Use of these stored products, called component 

therapy, benefits multiple recipients and prevents the wastage of valuable biological 

material.  

 Among the components, most commonly used one is packed red blood cells. 

It is preferred mainly in euvolemic anemia cases. Prolonged storage of these cells 

cause alteration in its biochemical and biomechanical properties called storage 
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lesions. Introduction of different anticoagulants with additives restrict the changes 

and prolong the storage viability to a maximum extent with minimum storage lesion 

and provide a post transfusion viability of 75% as recommended by United States 

Food and Drug Administration. 

 Storage studies of packed red blood cells using commercially available 

citrate phosphate dextrose adenine, saline adenine, glucose mannitol (CPDA-

SAGM) blood bags has been established in case of humans and dogs. Such storage 

studies in farm animals especially goats are scarce. Therefore, the present study was 

carried out with following objective.  

 Study the suitability of saline-adenine-glucose-mannitol (SAGM) 

additive in citrate- phosphate-dextrose-adenine (CPDA) for storing 

packed red blood cells (pRBCs) of goats.



 

 

     Review of Literature 

 

 



2. REVIEW OF LITERATURE 

 2.1 ANAEMIA IN GOATS 

Burke et al. (2007) reported that FAMACHA chart, which compare the 

colour of mucous membrane with score range from 1 to 5 where 1 and 2 considered 

normal, is validated in goats.  

Goklaney (2012) opined that most common clinical manifestation in goats 

is anaemia. It was also suggested that anaemia was the major problem affecting 

productivity. 

Berthelsson (2017) stated that for the evaluation of anaemia, packed cell 

volume is used, which determines the package of erythrocytes in the total blood 

volume. 

Argolo et al. (2018) opined that gastro-intestinal nematodes causing severe 

health problems in goats could be managed better by the integrated parasitic 

control. However, in severe anemia cases (less than 11% globular volume), blood 

transfusion ensures the survival. 

Anaemia is a common condition in ruminants due to the affection of other 

organs rather than defects in erythropoiesis (Katsogiannou et al., 2018). 

2.1.1 Etiology 

 Katoch and Mandial (2003) reported that in field condition, one of the most 

common clinical manifestation in animal is anaemia. It is mainly due to 

helminthosis, mineral deficiencies, haemoprotozoans and ectoparasites. 

Braun et al. (2010) reported that common causes of haemolytic anaemia 

in ruminants included haemoparasites, leptospirosis, and bacterial toxins. 

 Ermillo and Smith (2011) opined that parasitism was the most common 

cause of anaemia. 
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 Joseph (2011) opined that anaemia in goats was linked with external and 

internal parasitism and had major clinical significance in goats. Overall prevalence 

of parasitic anaemia infection was around 20%, among this 85 % are of gastro 

intestinal parasites.  

 Feeding of bovine colostrum to lambs may cause immune mediated 

haemolytic anaemia (Katsogiannou et al., 2018). 

2.1.2 Clinical Findings 

 According to Katoch and Mandial (2003), anaemia manifested with pale 

mucous membrane, low haematological indices and decrease in plasma levels of 

Mg, P, K, Fe and Cu. 

 Haemoparasite conditions in goats were mostly subclinical. But 

sometimes goats showed severe anaemia with clinical picture similar to cattle, 

which is more frequent in goats suffering from any underlying cause (Hornok et 

al., 2007). 

 Polizopoulou (2010) opined that inadequate oxygen transport in small 

ruminants was indicated by tachycardia, tachypnea and exercise intolerance. 

 Chronicity of anaemia reduced the manifestation of clinical signs, which 

was positively related with amount of blood loss (Gianniti et al., 2014). 

2.1.3 Management 

In acute haemorrhage with less than 50 per cent blood loss, tissue re-

oxygenation could be achieved by administration of packed red blood cells 

(pRBCS) along with volume expansion using crystalloids (Lanevschi and 

Wardrop, 2001). 

 As the donor erythrocytes had a life span of only eight days in goats, 

transfusion effects were considered temporary. However, normal bone marrow 

regeneration of erythrocytes took place within five days (Smith, 2009). 
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 In critical conditions due to massive haemorrhage or acute anaemia with the 

evidence of hypovolemia, to regain the tissue perfusion and organ oxygenation, red 

blood cell transfusion was extremely important (Lion et al., 2010). 

  Conditions like acute traumatic haemorrhage, surgical blood loss, 

parasitism, haemorrhage from drugs and toxins, immune mediated anaemia and 

neonatal isoerythrolysis lead to life threatening anaemia, which could be managed 

by whole blood transfusion (Tocci, 2010). 

Ermillo and Smith (2011) concluded that in critical conditions, anaemia 

could be managed with transfusion, decision for which was based on the prognosis 

of the underlying condition, patient stability, availability of suitable donor and 

economics of herd. 

According to Kisielewicz et al. (2014), requirement of transfusion in 

euvolemic anaemia was to counteract hyperlactemia due to inadequate perfusion. 

2.2 STORAGE OF BLOOD 

 Raat and Ince (2007) observed that extended storage of blood increased the 

oxygen-haemoglobin affinity with resultant reduction of oxygen unloading capacity 

after transfusion. 

Blood component separation was done using refrigerated centrifuge and the 

rate of the sedimentation was influenced by some external factors like 

centrifugation time, rotor size, and revolutions per minute (RPM) (Roback et al., 

2011). 

According to Kakaiya et al. (2011), weight of the blood in blood bag was 

obtained by subtracting the weight of blood bag with anticoagulant from the weight 

of blood bag after collection. 

Species difference in morphology and metabolism of RBCs resulted in 

variations of storage time among species (Ekiz et al., 2012). 
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Food and Drug Administration stated the validity of stored blood is 

determined by the survival of 75 per cent of transfused erythrocytes after 24 hours 

along with less than one per cent haemolysis recorded at the end of specified storage 

period (Obrador et al., 2015). 

 Pre-cooling of refrigerated centrifuge should be done before the initiation   

of the component separation procedure (Yagi and Holowaychuk, 2016). 

 In case of goats, transfusion using whole blood or stored blood did not affect 

lipid peroxidation values, renal and liver functions (Fonesca et al., 2018) 

2.2.1 Anticoagulants 

Lanevschi and Wardrop (2001) opined that acid citrate dextrose (ACD), 

citrate phosphate dextrose (CPD) and citrate phosphate dextrose adenine (CPDA-

1) were the commonly used preservatives. Constituents in these preservatives 

extended the storage time by favoring the viability of RBCs up to 3 to 5 weeks 

depending on the preservatives used. 

 Morris et al. (2002) reported that the concentration of glucose and lipids of 

the stored blood can be influenced   by the anticoagulants used. 

The most commonly used anticoagulant in the initial days of transfusion 

was ACD. Addition of phosphate and increased pH derived the CPD which stabilize 

the 2,3-DPG with augmented the shelf life.  Addition of adenine to CPD replenished 

ATP concentrations by restoring adenine nucleotide pool which further enhanced 

the storage period (Mudge et al., 2004). 

 Obrador et al. (2015) remarked that blood storage was done ex vivo for the 

first time in 1915 after the discovery of anticoagulant sodium citrate.   

 In citrate based anticoagulants with additive solutions, shelf life of packed 

RBCs can vary between species from 33 to 42 days at a temperature range of 4 ± 

20C (Ferreira et al., 2018). 

 



7 
 

2.2.1.1 Citrate Phosphate Dextrose Adenine -1 

Mudge et al. (2004) reflected that assessment of biochemical and 

haematological parameter of RBCs stored in CPDA-1 indicated the improvement 

in viability and it was a better medium for storage. 

 In veterinary medicine, for collection and storage, most common 

anticoagulant combination is citrate, phosphate, dextrose, adenine (CPDA-1). It 

inactivates the spontaneous coagulation and provided substrate for metabolism to 

extend the RBC viability (Sousa et al., 2013). 

 Tavares (2013) found that blood bag used in veterinary medicine and 

human blood bank is same. Among them CPDA-1 blood bag was preferred for 

goats.  

 Tavares et al. (2019) noticed that goat blood remained viable in CPDA-1 

blood bag upto 42 days under refrigeration of around 30C. 

2.2.1.2 Additive Solutions 

 Saline – adenine – glucose (SAG) was developed by Hogman to preserve 

human RBCs and extend the storage life to 5 weeks. Mannitol addition to SAG 

produced saline adenine glucose mannitol (SAGM). Storage of RBCs upto six 

weeks was made possible with SAGM (Hess and Greenwalt, 2002). 

 Optisol, having dextrose, adenine, mannitol and sodium chloride provided 

nutrition for RBCs. Storage of canine and human RBCs upto 42 days was possible 

(Gibson and Abrams, 2012). 

Sparrow (2012) stated that mannitol in SAGM improved membrane 

stability of RBCs and reduced haemolyis. 

Obrador et al. (2015) opined that ATP depletion progressed from day 10 to 

44 during storage of erythrocytes which can be delayed by the addition of SAGM. 
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 Mustafa et al. (2016) observed considerable increased fragility of RBCs 

with increased period of storage in SAGM in humans 

 Brugue et al. (2018) reported that addition of SAGM to RBCs delayed the 

loss of ATP and improved packed RBCs shelf life up to 44 days. 

2.2.2 Storage of Whole Blood 

 Mudge et al. (2004) reported that storage of blood was done in temperature 

controlled blood bank refrigerator which prevented wide fluctuations and 

maintained in range of 1 to 60 C. 

 Hughes et al. (2007) stated that fresh whole blood can be transfused within 

24 hrs of collection at room temperature or refrigerated within 8 hrs. After it is 

stored, it becomes stored whole blood (SWB)  

 Whole blood from bovine, canine and equine can be collected and stored in 

CPDA-1 for upto 35 days in a temperature range of 1 to 6o C (Sousa et al., 2013). 

 Stored whole blood more than 14 days may affect the haemostatic function.  

So along with the SWB, components preferably platelets should be administered to 

promote the haemostatic function (Cap et al., 2018). 

 Tavares et al. (2019) observed that goat whole blood showed more 

resistance to changes with storage conditions compared to other species. 

2.2.3 Storage of Packed Red Blood Cells 

 One unit of whole blood after centrifugation yielded 150-200ml of pRBCs 

after removing plasma in dogs (Lanevschi and Wardrop, 2001). 

Concentration of RBCs in storage was inversely related with the recovery 

of transfused erythrocytes (Hess and Greenwalt, 2002). 

World Health Organization guidelines (2005) recommended that storage 

time of pRBCs was 30-40 days under 4oC in humans.  
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D’Alessandro et al. (2010) noticed that RBC processing and its transfusion 

has progressed to a great extent after the introduction of plastic bags, additive 

solutions and leucocyte reduction filters. 

Herring et al. (2013) observed that compared with fresh transfusion, RBCs 

older than two weeks caused deleterious effects on the recipients in humans. 

According to Radwanski et al. (2014), for the redistribution of packed red 

blood cells in stored media, it should be gently mixed at least once in a week.  

Warming of stored RBC prior to transfusion was not encouraged as it may 

cause damage to proteins, clotting factors and resulted in bacterial contamination 

(Poder et al., 2015). 

 Storage recommendation for feline RBC with citrate containing bags along 

with additive solutions was in the temperature range of 2-6oC for 30-42 days 

(Jagodich and Holowaychuk, 2016). 

According to  Stefanetti et al. (2016), packed RBCs in dogs should be 

processed in refrigerated centrifuge at 5000g for 20 min at 4oC within 4 hours of 

collection. 

2.3 STORAGE LESIONS 

 Hess and Greenwalt (2002) reported that storage lesions can vary among 

individuals of the same species under same storage conditions, due to the difference 

in RBCs metabolism among them. 

Blasi et al. (2012) observed changes in biochemical and biological 

properties of RBCs on storage of blood termed as storage lesions. 

Changes in the biochemical, biomechanical and immunologic events in the 

erythrocytes and its storage media which could affect the effectiveness of 

transfusion, are collectively called as storage lesions (Almizraq et al., 2013). 
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Healthy blood donor and quality of blood components are the main factors 

which led a successful transfusion. Quality of components could be achieved by 

implementing standardized protocols which reduce the storage lesions to the 

maximum extent (Ferreira et al., 2014).  

 Cellular integrity of stored RBCs depend on the quality parameters like, 

VPRC, haemolysis and bacterial contamination (Brugue et al., 2018). 

 Marchi et al. (2019) opined that human parameters were used widely in 

veterinary medicine as there were no proper guidelines for the quality assessment 

and storage of blood bags. 

Shelf life of stored blood is determined by the alterations in the 

haematological and biochemical parameters (Spada et al., 2019). 

2.3.1 Biochemical Studies 

 According to Beutler (2000), elevation and reduction in the following 

biochemical parameters like potassium, lactate, pH, ATP and 2,3-DPG indicated 

leakage and haemolysis of RBC. 

Collaborative biochemical and biomechanical changes will detrimentally 

affect the performance of transfused erythrocytes after storage (Berezina et al., 

2002). 

 Bennett-Guerrero et al. (2007) opined that changes noticed during the 

storage of packed RBCs included elevation of potassium, lactate, decrease in 

deformability, pH drop etc.  Among these, pH, lactate and potassium variation were 

noticed from the beginning of storage. 

 Barshtein et al. (2011) reported that biochemical changes alter the RBC 

membrane structure, resulting in increased haemolysis during storage. 
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 2.3.1.1 pH 

  Hess and Greenwalt (2002) stated that pH ≥ 6.2 was required for normal 

metabolic activities of human erythrocytes.  pH ≥ 6.65 was the value limit for stored 

blood. pH value above 7.2 of stored blood induces the 2,3- DPG synthesis affecting 

ATP. 

 Mudge et al. (2004) reported that most of the erythrocyte metabolism is 

anaerobic with the production of lactic acid which finally resulted in acidic pH of 

stored blood. 

 Hess et al. (2009) opined that glucose degradation for the production of 

energy during storage with lactate and hydrogen ion as metabolite led to reduction 

in pH of the blood. 

 Decrease in pH resulted in glycolysis inhibition through which ATP is 

produced by the erythrocytes (D’Alessandro et al., 2010). 

  Heinz et al. (2016) observed that, the decline in pH of stored blood from 

day one onwards was due to the acidic pH of anticoagulant (CPDA) and the additive 

solutions (SAGM) which may reduce the pH even below the physiologic levels.  

2.3.1.2 Reduced Glutathione Estimation 

 The balance between the formation of GSH and glutathione disulphide 

(oxidised glutathione) act as a buffer to prevent oxidative stress.  Alterations in this 

balance during storage will overcome the antioxidant defence of the cells (Lion et 

al., 2010). 

 Nazifi et al. (2009) observed that reduced glutathione, which is a tripeptide 

thiol, is an important antioxidant in living cells with co-factor activity for several 

antioxidant enzymes. 

 Kozlova et al. (2015) opined that principle component of erythrocyte 

antioxidant system was the intracellular reduced glutathione (GSH), reductions of 

this during storage aids the oxidative process in RBC. 
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2.3.1.3 Malondialdehyde Estimation 

 Simsek et al. (2006) recorded that unsaturated fatty acids in the blood cells 

were unstable and formed various compounds.  One among them was MDA, which 

was used as an indicator for lipid peroxidation and indirectly oxidative stress in 

blood cells. 

 Nazifi et al. (2009) observed that MDA is one of the end product of lipid 

peroxidation and it was used widely to indicate cellular lesions.  Reference values 

of MDA indicated that oxidative stress was less in goats as compared to carnivores 

and may be due to the difference in diets. 

 Pandey and Rizvi (2011) reported that measuring MDA in human RBCs 

was a useful marker in assessing the extent of lipid peroxidation. 

Imbalance between antioxidants and pro-oxidants resulted in oxidative 

damage. This is due to free radicals like hydroxyl ions in case of lipid peroxidation 

which resulted in the loss of membrane integrity of RBCs (Ayala et al., 2014). 

Mustafa et al. (2016) opined that Thiobarbituric Acid Reactive Substance 

(TBARS) assay was used for determining the lipid peroxidation as MDA, a major 

by product was a thiobarbituric acid reactive substance.  

 According to Fonesca et al. (2018), MDA is the parameter used to determine 

the extent of lipid peroxidation. Oxidative lesion of erythrocytes with haemolysis 

as the consequence was proportional to the formation of MDA. 

2.3.1.4 Potassium Levels 

 The variation in cellular sodium and potassium levels would be stabilised 

after transfusion within 24 hours for sodium and few days for potassium (Lion et 

al., 2010). 
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Blasi et al. (2012) reported that increased potassium values in the 

supernatant during storage was due to the ATP depletion and low temperature 

affecting the pump kinetics. Decrease in pH during storage inhibited glycolysis 

through which ATP was synthesized.   

Sousa et al. (2013) observed that species-wise difference was noticed 

regarding intracellular potassium levels of erythrocytes concentration for ovine, 

bovine and equine compared with canines. 

Lacerda et al. (2014) observed an increase in potassium levels in canine 

blood on storage. 

  Post transfusion hyperkalaemia resulted in cardiac arrest in humans. A low 

pH resulted in leakage of potassium from intracellular to extracellular space which 

resulted in hyperkalaemia during storage (Yang et al., 2019). 

Estimation of the potassium in the supernatant of stored medium of 

erythrocytes served as a useful marker to access the quality of stored erythrocytes.                                                                                                                                             

Storage at lower temperature affected the ATPase enzyme activity which led to 

reduced activity of sodium potassium pump resulting in intracellular elevation and 

reduction in sodium and potassium respectively (Fonesca et al., 2018) 

2.3.1.5 Glucose Levels 

 According to Tavares (2013), low consumption of glucose by caprine 

erythrocytes prevented pronounced reduction in glucose during the storage period. 

Crestani et al. (2018) observed that normally glucose concentration of the 

stored blood reduced due to glucose consumption by RBC for the production of 

ATP, but in CPDA-1, dextrose in it maintained the glucose in elevated levels even 

at the end of storage. 

 Post transfusion studies revealed that nutrients used in the blood bag for 

storage is used as energy source especially glucose. Elevation of glucose after 

transfusion was promptly balanced by liver (Fonesca et al., 2018). 
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2.3.2 Haematological Studies 

Haematogical values of stored blood depended on many factors including 

time gap between collection and analysis, storage solutions and storage temperature 

(Antwi-Baffour et al., 2013). 

2.3.2.1 Volume of Packed Red Cells 

 Ekiz et al. (2012) opined that the average VPRC of packed RBCs stored in 

additive solution was 55-65 per cent and it may show difference based on the donor 

VPRC, residual plasma in packed RBC stored bag and the proportion of additive 

solution added to the bag. 

It has been reported in human studies that due to degenerative changes 

during storage, entry of water into the cell leads to increase in RBC volume with 

time leading to elevated packed cell volume (Antwi-Baffour et al., 2013). 

2.3.2.2 Haemolysis of RBC 

Hess and Greenwalt (2002) reported that haemolysis indicated the failure of 

storage system of RBCs which can be reduced by stability enhancers like mannitol, 

citrate and hypotonic solutions. 

Hogman et al. (2006) stated that spherocyte RBCs had higher osmotic 

fragility compared to normal discoid RBCs.  As the sphere shape had the minimum 

surface to volume ratio, it resulted in rapid haemolysis with feeble osmotic stress. 

High concentration of haemoglobin vitiated the renal, vascular, myocardial 

and central nervous system. Therefore, haemolysis should be minimized to enhance 

the quality of blood product (Buehler and D’Agnillo, 2010). 

Maximum permitted haemolysis percentage of human blood units at the end 

of storage is one per cent due to the reported harmful effects of free haemoglobin 

(Kakaiya et al., 2011). 
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Osmotic fragility test was carried out to measure the degree of resistance of 

erythrocytes to different concentration of saline in an ascending order (Blasi et al., 

2012). 

Ferreira et al. (2014) stated that standardization of velocity and time for 

centrifugation is important as variation lead to haemolysis. 

Corsi et al. (2014) opined that incremental effects of pro-inflammatory 

substances were principally released from leucocytes and platelets and the depleted 

ATP deleteriously affected the integrity of RBC membrane during storage. 

Heinz et al. (2016) stated that in the storage of pRBCs, most important 

parameter used for assessing the viability was the percentage of haemolysis. 

Hofbauer et al. (2016) opined that RBCs membrane integrity can be 

assessed by its osmotic resistance, which was influenced by species, breed, age and 

storage time. 

 Haemoglobin values did not vary with morphology whereas VPRC 

variations were recorded. Therefore oxygen carrying capacity of packed RBC was 

better assessed with haemoglobin estimation (Ferreira et al., 2018). 

2.3.3 Morphological Studies 

Extent of rheological disturbances directly depended on the number of 

RBCs with altered geometry.  Progressive change in morphology of RBCs were 

noticed after two weeks of storage with significant reduction in deformability index 

and elevated values of haemolysis and acidosis in humans (Berezina et al., 2002). 

According to Frank et al. (2013), structural changes during storage of 

erythrocytes were irreversible unlike biochemical changes. 

Relevy et al. (2008) opined that RBC should pass through capillaries with 

half of its diameter for delivering oxygen. Therefore, deformability of biconcave 

disc shape is a critical characteristic feature required to accomplish adequate 

perfusion.  
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D’Alessandro et al. (2010) stated that morphological changes in packed 

RBCs were generally classified into reversible and irreversible. The reversibility 

was inversely proportional to the storage time of pRBCs. 

 Deformability was the element which aided the survival of RBCs while 

entering the splenic circulation. Hence, the reduction in deformability due to storage 

is considered as a major factor for the survival of transfused erythrocytes (Obrador 

et al., 2015) 

2.3.3.1 Light Microscopy 

Galey et al. (1978) opined that faulty preparations may cause the formation 

of echinocytes and spherocytes, but acanthocytes was only noticed in some diseased 

conditions. 

Increase in viscosity of blood during storage was due to progressive shape 

changes of cells from discoid to less deformable echinocytes (Sollberger et al., 

2002).   

According to Barger (2010), in small ruminants especially goats, 

poikilocytosis was a common finding and it is considered to be normal. 

Antwi-Baffour et al. (2013) reported that during storage progressive 

changes of cells were noticed from its normal biconcave discoid shape to 

echinocytes (spiculated) or spherocytes (spherical) shapes. 

2.3.3.2 Scanning Electron Microscopy 

Polliack (1981) reported that morphological alteration in SEM studies due 

to ageing, ionic changes especially with calcium, contact with glasses, biochemical 

variations were collectively termed as spheroechinocytic transformation. 

 Berezina et al. (2002) opined that RBC shape like echinocyte and 

stomatocyte can be reversed to normal discocyte under certain conditions.  But, 

spherocyte, ovalocyte, spheroechinocyte and degenerated shapes were irreversible. 
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 Scanning electron microscopic studies of pRBCs in SAGM on 0th day 

showed normal biconcave disc shaped cells.  Due to prolonged storage, majority of 

cells changed to spherocytes and echinocytes and it became irreversible after 28 

days of storage (Mustafa et al., 2016). 

2.3.4 Culture Studies 

After following all the aseptic measures to prevent the bacterial 

contamination in blood components, the prevalence of contamination reported in 

human was 0.04 to 2 per cent (Engelfriet et al., 2000). 

 Bacterial contamination result in variation of pH and lactate which affected 

the storage life of packed RBCs (Mudge et al., 2004). 

 Kessler et al. (2010) opined that if discolouration was noticed in the blood 

bag under storage, it needed to be referred for culture and quality control studies. 

As most of the recipients were debilitated or immune-compromised, microbial 

contamination may cause severe complication during transfusion. 

Most commonly recorded contamination of blood bags was caused by gram 

negative aerobic endotoxin producing pathogens (Herring et al., 2013). 

Brecher and Hay (2005) reported that the contamination of the blood bag 

start from the skin flora of the donor during collection. Making the skin completely 

aseptic was difficult. 

Storage temperature of blood around 40C is suitable for the proliferation of 

psychrotolerant bacterial species like Pseudomonas and Serratia.  Growth was 

clinically irrelevant in the beginning of storage period to significant at the end 

which caused sepsis in transfused patients (Stefanetti et al., 2016). 

Haematological and microbiological studies are of immense use in 

assessing the quality of stored blood used for transfusion. Rectification of the errors 

would improve the shelf life of the blood (Marchi et al., 2019). 



 

 

  

    Materials and Methods 

 



3.  MATERIALS AND METHODS 

 The present study was carried out in the Department of Veterinary Clinical 

Medicine, Ethics and Jurisprudence, College of Veterinary and Animal Sciences, 

Mannuthy during the period of October 2019 - September 2020. 

3.1 DESIGN OF THE STUDY 

Whole blood was collected from the healthy adult goats to study the shelf 

life of packed RBCs in SAGM. 

3.1.1 Selection of Animals 

 Ten apparently healthy goats weighing 35 to 60 kg within an age range of 4 

to 8 years were selected from University Goat and Sheep Farm, Mannuthy and other 

organized farms in Thrissur district. All the goats were dewormed and the health 

status of each animal was evaluated by physical examination and laboratory 

analysis including complete blood count, examination of blood smear and faecal 

sample. 

3.1.2 Blood Collection and Storage Studies 

Whole blood units were collected in commercial triple blood bags 

consisting of a primary bag for the collection of 350ml of blood with 49mL of 

CPDA-1 anticoagulant (tri-sodium citrate, sodium phosphate, dextrose and 

adenine), an empty bag for plasma storage, and 1 bag with 100 mL of additive 

solution containing saline, adenine, glucose, mannitol (SAGM) (Plate 1). The 

animals were restrained physically and placed in upright position. The puncture 

area over a jugular vein was clipped of hair and aseptically prepared using 

chlorhexidine and alcohol. Jugular venepuncture using 16 G needle in the dorso 

cranial direction, allowed blood to flow by gravity into the collection bag, which 

was gently inverted to mix the blood with the anticoagulant at every 50 mL of 

collected volume (Plate 2). Once the total volume was obtained, the tubing was 

manually stripped to allow for anticoagulation of the tubing and a knot was made 

at 3 locations in the tubing, 1 cm apart.  The collected whole blood units were 



 

 

 

 

 

Plate 1. Donato CPDA Double Blood Bag with SAGM (350 ml) (A) Empty 

bag (B)With whole blood (C) With pRBC 
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Plate 2. Blood collected from healthy donor 
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immediately stored using an insulated plastic chiller icebox keeping a constant 

temperature and processed within six hours. 

After gentle mixing, the triple bag system was placed in the centrifuge cups, 

avoiding plastic folds and ensuring a symmetrical distribution of weight with a 

tolerated difference of 0.2 g between opposite cups. The units were centrifuged at 

5,000 × g for 7 minutes, at 4°C using FTBC- 6100R Blood Bank Refrigerated 

Centrifuge (Plate 3). After centrifugation, it was carefully removed and hung on the 

hooks of plasma expressor (Plate 4). The valve towards the empty satellite bag was 

opened and the front panel of the plasma extractor was slowly pressed against the 

bag to remove the plasma from the primary collection bag. The fluid path was 

closed by tying the tubes. The additive solution SAGM in the second satellite bag 

was transferred to the primary bag that contained the packed RBCs by opening the 

second valve and thus making the fluid pathway patent (Plate 5). All these 

procedures were done inside the horizontal laminar air flow bench to reduce the 

contamination. The volumes of blood units were calculated on the basis of their 

weight, assuming that 1 mL of whole blood (WB) weighs 1.053 g and that 1 mL of 

packed RBCs weighs 1.085 g (Ferreira et al., 2018). Finally the packed RBCs 

suspended in SAGM additive were stored at 4 ± 20c in a dedicated refrigerator for 

up to 42 days for storage studies (Plate 6).  During the storage period, the bags were 

daily inverted manually, to mix the blood with the preservative solution. 

3.2 PARAMETERS STUDIED 

  The faecal sample and blood smear examinations were carried out before 

the start of the study. Red blood cell samples were removed aseptically for the 

analysis using gamma irradiated bottles every two weeks from day 0, 14, 28, 42 of 

storage for evaluating haematological parameters, biochemical parameters, RBC 

morphology and for culture studies. 

 

 

 



 
 

 
 

Plate 3. FTBC - 6100R Blood Bank Refrigerated 

Centrifuge 
 

Plate 4. Genesys Manual Plasma Expressor 



 
 

 
 

Plate 5. SAGM addition inside Laminar Air Flow Cabinet 
 

Plate 6.Genesys Blood Bag Refrigerator 
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3.3 PROCEDURES 

3.3.1 Clinical Examination 

 Detailed history and results of clinical examination including body 

condition, mental attitude, status of superficial lymph nodes, rectal temperature, 

pulse, respiration and colour of conjunctiva or oral mucous membranes were 

recorded for the primary evaluation of the animals.  Normally goats have an alert, 

attentive, and inquisitive mental attitude.  

3.3.2 Laboratory Examination 

3.3.2.1. Faecal Sample 

Faecal samples were collected directly from rectum using moist cotton 

swabs and transported to laboratory. 

3.3.2.1.1 Screening for Gastrointestinal Parasites 

The faecal samples were homogenised with distilled water and examined 

immediately after collection. 

3.3.2.1.1.1 Direct microscopic examination 

Thin smears of faecal swabs were prepared on glass slides. The slides were 

then examined under low power objective of light microscope. 

3.3.2.1.1.2 Centrifugation technique 

The faecal samples collected from goats were diluted in distilled water and 

centrifuged at 3000 rpm for two minutes. The supernatant was discarded and a drop 

of the sediment was examined under the low power objective of light microscope. 

3.3.2.2 Blood Smear Examination 

Thin peripheral blood smears were prepared from selected animals, air-

dried and fixed in methanol. 
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3.3.2.2.1 Staining of Blood Smears 

3.3.2.2.1.1. Fields stain  

Fields stain solution A and B (Nice chemicals private limited, Kochi) were 

used to stain blood smear. 

3.3.2.2.1.2. Fields staining technique  

 Two coplin jars were filled with Field’s stain A and B solutions separately. 

Peripheral blood smears were fixed in methanol for one minute and air dried. This 

was followed by coupling of stain B and allowing it to act for 30 seconds. After 

washing the slides in running tap water, stain A was added and allowed to act for 

30 seconds. The slides were further washed, air dried and observed under 100 X 

objective of a light microscope (Olympus, CH20i and Leica, DM 500). 

3.3.3 Evaluation of Haematological Parameters 

A complete blood count, including the parameters such as haemoglobin 

(g/dL), volume of packed red cells (%), total leukocyte count (103/µL), red blood 

cells (106µ/L), differential leukocyte count (%), mean cell corpuscular volume 

(µm3), mean corpuscular haemoglobin (pg), mean corpuscular haemoglobin 

concentration (g/dL) and platelets (103/µL) were estimated  on the day of collection. 

ORPHEE Mythic 18 Vet CBC Machine was used for the analysis (Plate 7). 

3.3.3.1. Haemoglobin 

 Estimation of haemoglobin was done using the principle of haemoglobin to 

cyanmethemoglobin using the AGAPPE kit.                                             

3.3.3.2 Haemolysis of RBC 

 Haemolysis of RBCs was estimated using osmotic fragility test. The 

osmotic fragility test is used to measure erythrocyte resistance to haemolysis while 

being exposed to varying levels of dilutions of a saline solution (Bain et al., 2016). 



 

 

 

 

 
 

 
 

Plate 7. ORPHEE Mythic 18 Vet Haematology Analyser 
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 Reagent Preparation 

i. Preparation of stock solution of buffered sodium chloride 

To prepare a stock solution of buffered sodium chloride, osmotically 

equivalent to 100g/L (1.71 mol/L) NaCl. 

1. Weighed the following chemicals and added water to make 

a final volume of 1000ml  

a) Sodium chloride – 90g  

b) Di-sodiumhydrogen phosphate–13.65g  

c) Sodium dihydrogen phosphate dihydrate – 2.34g  

2. The bottle was stored at 4 °C. 

3. Salt crystals formed during storage must be thoroughly re-

dissolved before use. 

 

ii. Preparation of working solution of buffered sodium chloride 

1. Diluted 100 ml of the stock solution with 900 ml of distilled 

water to made a diluted stock solution with a final 

concentration of 10g/ litre. 

2. Working solution was prepared as follows:- 

 

No. Buffered NaCl reagent 

solution 

Diluted stock  

solution 

Distilled water 

1 0.0% NaCl (Water) Nil 200 ml 

2 0.1% NaCl 20 ml 180 ml 

3 0.2% NaCl 40 ml 160 ml 

4 0.3% NaCl 60 ml 140 ml 

5 0.4% NaCl 80 ml 120 ml 

6 0.5% NaCl 100 ml 100 ml 

7 0.6% NaCl 120 ml 80 ml 

8 0.7% NaCl 140 ml 60 ml 
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9 0.8% NaCl 160 ml 40 ml 

10 0.9% NaCl            180 ml    201 

 

 Procedure 

a) Delivered 5.0 ml of each of the ten saline solutions into 5 ml test 

tubes  

b) Added 20 µl of well mixed blood and mix immediately by inverting 

the tubes several times, avoiding foam  

c) Incubated for 30 minutes at room temperature (26-28 °C). Mix again 

and centrifuge the tube at 800g for 10 minutes 

d) Removed the supernatant and estimated the amount of lysis in each 

test tube using a spectrophotometer at a wavelength  of 540nm 

e) Percentage haemolysis was calculated by assuming 100 per cent 

haemolysis in 0.0% Nacl solution and 50 percent haemolysis was 

calculated 

3.3.3.3 Volume of Packed Red Cells 

  Volume of packed red cell is the percentage of volume of blood occupied 

by the red blood cells, which was determined by using Wintrobes method (Bain et 

al., 2016). Under centrifugal force components of blood will settle and get packed 

according to specific gravity in a suspension of plasma fluid 

 Procedure 

a. Packed RBCs in blood bag was  drawn into Pasteur pipette and 

introduced in the wintrobes from the bottom to 0 or 10 mark above 

b. Place the wintrobes tube in the centrifuge machine and other 

wintrobes tube filled with water  in the opposite side so as to 

balanced it 

c. Centrifuged the tube at the speed of 3000rpm for 30 minutes 

d. After 30 minutes stop the centrifuge, take out the tube and noted 

the readings 
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3.3.4 Biochemical studies 

3.3.4.1 pH 

  Blood pH was estimated with portable Oakton waterproof pH meter (as per 

user manual). Potentiometric pH meters measure the voltage between two 

electrodes and display the result converted into the corresponding pH value. They 

comprise a simple electronic amplifier and a pair of electrodes 

 Procedure ( as per the user manual) 

a. Pressed the ON/OFF  button to switched the Testr on 

b. Dipped the electrode about 2 to 3 cm in to the packed RBCs 

suspension. Stirred and let the reading stabilize 

c. Noted the pH value or pressed HOLD/ENT button to freeze the 

reading. To release the reading, pressed HOLD/ENT again 

d. Pressed ON/OF to turn off Testr 

3.3.4.2 Estimation of Erythrocyte Reduced Glutathione (GSH) 

Level of GSH in erythrocyte suspension was determined as per Bain et al., 

2016). This method is based on the development of a yellow colour when 5,5’-

dithiobis-2-nitrobenzoic acid (DTNB) is added to sulphydryl compounds. The 

colour is fairly stable for about 10 minutes and the reaction is little affected by 

variation in temperature. Reduced glutathione is slowly oxidised in solution, so only 

fresh lysates should be used for the assay.  

 Reagent preparation 

a. Lysing solution 

Dissolve 1g EDTA in 1.0 litre of distilled water. 

b. Precipitating solution 

Dissolve metaphosphoric acid sticks, 1.67 g; disodium EDTA 

dihydrate,0.221g and sodium chloride, 30g in distilled water and make up 

to a final volume of 100 ml. 
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For rapid dissolution, add the reagents to boiling water and the 

solution is stable for at least three weeks at 4°C. If any EDTA remain 

undissolved, the clear supernatant should be used. 

c. Disodium hydrogen phosphate solution (300 mmol/l) 

Mix 2.129 g of disodium hydrogen phosphate anhydrous in 50 ml of 

distilled water. This solution is freshly prepared at the time of analysis. 

d. 5,5’-dithiobis-2-nitrobenzoic acid  

Dissolve 20 mg of DTNB in 100 ml of 34mmol/l trisodium citrate 

solution. This solution is stable for up to three months at 4°C.To prepare 34 

mmol/l trisodium citrate (pH 8.0), dissolve 1g of trisodium citrate in 100 ml 

distilled water.  

 Procedure 

1. Added 0.2 ml of red blood cell suspension to 1.8 ml of lysing 

solution in a test tube to prepared a haemolysate and allowed to 

stand at room temperature for three minutes  for lysis to be 

completed 

2. A reagent blank is made using saline instead of red cell suspension 

3. Added 3.0 ml of precipitating solution, mix well and allowed to 

stand for a further five minutes 

4.  Filtered the solution through a single-thickness Whatman No.42 

filter paper 

5. Added 1.0 ml of clear filtrate to 4.0 ml of freshly made disodium 

hydrogen phosphate solution 

6. Recorded the absorbance at 412 nm (A1) 

7. To the mixture added 0.5 ml of DTNB reagent and mixed well by 

inversion 
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8. Recorded the absorbance at 412 nm (A2) within 10 minutes and 

calculated the change in absorbance (∆A412) for the test as well as 

the blank. Substracted the change in absorbance for the blank from 

change in absorbance for the test to calculate the final absorbance of 

the sample tested 

9. Calculated the concentration of GSH from the standard curve 

developed using glutathione standard 

10. GSH in nmol/ml (A) =  (absorbance of sample / absorbance of 

standard) × (total standard/ sample volume) 

11. GSH in µmol/g Hb = ( A/Hb in g/ml) ÷ 1000 

3.3.4.3 Estimation of Erythrocyte Malondialdehyde (MDA) 

Level of lipid peroxides in erythrocyte suspension was determined by 

estimating MDA using the method of Okhawa et al., (1979); as modified by :- Al-

Azzawie and Alhamdani  (2006). Thiobarbituric acid (TBA) reacts with lipid 

peroxides and MDA to form a red coloured pigment with maximum absorbance at 

532 nm and can be determined by colorimetry.  1,1,3,3 tetramethoxypropane was 

used as a standard since it can be converted to malondialdehyde quantitatively by 

reacting with TBA. 

 Reagent preparation 

a.  Preparation of erythrocyte suspension:  Erythrocytes were washed 

three times with PBS of pH 7.4. The packed RBCs after the third 

wash is used for the assay 

b. Preparation of 8.1% sodium dodecyl sulphate (SDS) solution: Mix 

2.025 g of SDS in 25 ml distilled water 

c. Preparation of 20% acetic acid with pH 3.5: Add 20 ml of glacial 

acetic acid to 80 ml of distilled water and adjust the pH to 3.5 with 

sodium hydroxide crystals 
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d. Preparation of 0.8% aqueous solution of TBA: Mix 0.2 g of TBA in 

25 ml of distilled water. Fresh solution is prepared every day 

e. Preparation of 1% butylated hydroxytoluene (BHT) in absolute 

alcohol: Mix 100 mg butylated hydroxytoluene in 10 ml of absolute 

alcohol 

 Procedure 

1. Take 0.1 ml of erythrocyte suspension in a 10 ml screw-capped 

pyrex tube 

2. Added to the erythrocyte suspension, 0.1 ml of 8.1% SDS, 0.75 ml 

of 20% acetic acid with a pH of 3.5 and 10µl of 1% w/v BHT in 

absolute alcohol 

3. To this added 0.75 ml of 0.8% aqueous solution of TBA 

4. Added 0.3 ml distilled water (to make the final volume to 2.0 ml), 

homogenized and heated in a water bath at 95°C for 60 minutes 

5. Cooled the mixture in tap water and added 2.5 ml of n-

butanol/pyridine (15:1) and 0.5 ml of distilled water 

6. Vortexed vigorously and centrifuged the mixture at 3000 rpm for 15 

minutes 

7. Measured the absorbance of n-butanol/pyridine phase, the upper 

layer, at 532nm in a spectrophotometer 

8. Calculated the concentration of MDA from the stan dard curve 

developed using TMP as standard 

9. MDA in nmol/ml  =  (absorbance of sample / absorbance of 

standard) × (total standard/ sample volume) 

3.3.4.4 Glucose 

 The supernatant glucose estimation of packed RBC stored in SAGM was 

carried out using glucose estimation kit- GenX GLUCOSE-ML (GOD-PAP 

Trinders method). 
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3.3.4.5 Potassium  

 Potassium estimated from the supernatant of packed red blood cells stored 

in CPDA SAGM blood bag using Easylyte analyser, which is a completely 

automated microprocessor controlled electrolyte system using ion selective 

electrode (ISE) technology.  

3.3.5 Morphological Studies 

3.3.5.1 Light Microscopy 

Red blood cell smears were prepared from stored CPDA-SAGM blood bag 

in 0, 14, 28 and 42 days from the day of collection, air-dried and fixed in methanol. 

3.3.5.1.1 Staining of Blood Smears 

3.3.5.1.1.1 Fields stain  

Fields stain solution A and B (Nice chemicals private limited, Kochi) were 

used. 

3.3.5.1.1.2 Fields staining technique  

Two coplin jars were filled with Field’s stain A and B solutions separately. 

Red blood smears were fixed in methanol for one minute and air dried. This was 

followed by coupling of stain B and allowing it to act for 30 seconds. After washing 

the slides in running tap water, stain A was added and allowed to act for 30 seconds. 

The slides were further washed, air dried and observed under 100 X objective of a 

light microscope (Olympus, CH20i and Leica, DM 500). The variations in the 

number of cells was classified as 1+ (1-10 cells), 2+ (11-20 cells) and 3+ (> 20 

cells) and minimum 1000 cells were counted (Palmer et al., 2015). 

3.3.5.2 Scanning Electron Microscopy (SEM) 

Scanning Electron Microscopy scans a narrow, tapered electron beam back 

and forth over the specimen. When the beam strikes a particular area, surface atoms 
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discharge a tiny shower of electrons called secondary electrons, and these are 

trapped by a detector. Secondary electrons strike a material in the detector that emits 

light when struck by electrons (the material is called a scintillator).The flashes of 

light are converted to an electrical current and amplified by a photomultiplier. The 

signal is digitized and sent to a computer, where it can be viewed 

 Procedure 

1. Take 1.5mL packed RBC washed twice with PBS (3000 rpm for 

5min) 

2. Take 100μL of washed pRBC  

3. Prepared 10mL  2.5 % gluteraldehyde (1mL 25% gluteraldehyde 

made upto 10mL using PBS) 

4. Mixed 100μL of washed RBC pack with 5mL of 2.5% 

gluteraldehyde and incubated at 37⁰C for 24hrs 

5. Mixture was washed with PBS (3000rpm for 5min) 

6. To 100μL pellet added 1% osmium tetroxide in PBS (50mg:5mL) 

and incubated it for 2hrs 

7. Mixture was washed thrice with PBS 

8. To 100μL pellet added 2mL of 30% ethanol and incubated for 20 

min 

9. Centrifuged for 20 min and take 2ml out  

10. Vortex 100μl pellet for 20 min with 50% alcohol 

11. Centrifuged for 20 min and take 2ml out  

12.  Vortex 100μl pellet for 20 min with 70% alcohol 

13. Centrifuged for 20min and take 2ml out  

14. Vortex 100μl pellet for 20 min with 90% alcohol 

15. Centrifuged for 20min  and take 2ml out  

16. Vortex 100μl pellet for 20 min with 100% alcohol 

17. Centrifuged for 20min and take 2ml out  

18. To pellet added 1 or 2 drops of 100% ethanol 

19. 5μl of sample was smeared in carbon sheet and stubbed 
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20. Dried the stubbed sample for one hour in vacuum 

21. Sputter coating was done 

3.3.6 Culture Studies 

  Culture and identification of microorganisms was performed as per Agzie 

et al. (2019) 

 Procedure: 

1. One ml of blood from the bag were dispensed into separate, sterile 

bottles containing 10ml of Brain-Heart Infusion broth (Plate 8) 

2.  The suspension was incubated aerobically at 37oC for up to 3 days 

and observed for the signs of bacterial growth on 48 and 72 hours 

3. Samples showing signs of bacterial growth, a gram stain was made 

and examined microscopically 

4. At the same time the samples were sub-cultured using standard 

methods on to Blood agar (BA) and Macconkey agar (MA) 

5.  Then BA and MA  plates were incubated aerobically,  at 37o C for 

up to 72 hours 

6. Plates were inspected for bacterial growth at 48  and 72 hours 

 

3.4 STATISTICAL ANALYSIS  

The statistical analysis of data obtained was done using computer software 

Statistical Package for Social Sciences (SPSS), version 24.0. Repeated 

measures ANOVA and pair wise comparison was done by using least 

significant difference test. Regression analysis was done for fitting linear 

trend in osmotic fragility test. 

 



 

 

 

 

 

 

 
 

 
 

Plate 8. Brain heart infusion broth used for blood culture studies 
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4.  RESULTS 

Present study was undertaken to determine the suitability of SAGM additive 

in CPDA for storing pRBCs of goats. Blood samples collected from 10 healthy 

goats maintained at University Goat and Sheep farm, Mannuthy and other 

organized farms in Thrissur district were utilized in the present study. 

4.1. HEALTH STATUS OF THE SELECTED ANIMALS 

 Before the start of the study, selected goats were dewormed. Health status 

of each animal was evaluated with detailed clinical examination, haematological 

analysis, peripheral blood smear and faecal sample examination. The goats selected 

were active and alert with normal vital parameters. Haematological indices of the 

goats in the study were within the normal range and as in table 1. 

 

 

 

 

 

Table 1: Haematological indices of selected goats 

*Bain et al., (2016). 

4.2 BIOCHEMICAL PARAMETERS 

 The mean value of biochemical parameters of blood samples taken on day 

0 and 14, 28 and 42 of blood storage is as in table 2. Repeated measures ANOVA 

was carried out to find out any changes in the variables at different period of time. 

If F-value was found to be significant, pair wise comparison was done by using 

least significant difference test. 

 

 

Blood 

parameters 
Minimum Maximum Mean ± SE 

Reference 

range* 

WBC 5.3 14.3 9.41 ± 0.83 4-13 

LYM 3.5 11.0 5.34 ± 0.68 2-9.1 

MON 0.3 0.7 0.51 ± 0.06 0-0.5 

GRA 1.1 4.0 2.57 ± 0.25 1.7-5.4 

RBC 12.8 15.4 14.27 ± 0.85 8-18 

HGB 10.5 12.4 11.17 ± 0.70 8-14 

HCT 25.7 32.8 29.5 ± 2.15 19-38 
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4.2.1 pH 

The mean pH values of the stored sample did not show a significant 

variation (p >0.05) during the study. The values declined from 7.18 ± 0.03 (day 0) 

to 7.13 ± 0.03 (day 42). 

4.2.2 Glucose 

 Mean glucose value of stored blood reduced significantly from 650.4 ± 

18.45 mg/dL (day 0) to 535.5 ± 16.92 mg/dL (day 42). The decline in glucose values 

was significant between the study periods also (p < 0.01).  

4.2.3. Potassium 

 Mean value of supernatant potassium increased from 0th day to 42nd day. 

The values increased from 4.02 ± 0.22 mmol/L on day 0 to 13.15 ± 0.57 mmol/L 

on 42nd day. A significant increase (p <0.01) was recorded. 

 

4.2.4. Malondialdehyde 

 Mean MDA value of day 0, 14, 28 and 42 were 10.47 ± 1.13, 15.15 ± 1.36, 

20.59 ± 1.60, 28.16 ± 1.76 µmol/L respectively. Comparing the values, significant 

variation was noticed statistically.  

4.2.5. Reduced Glutathione 

  The reduced glutathione values showed a significant increase throughout 

the storage period (p < 0.01). The increase was from 0.02 ± 0.01 µmol/g of Hb (day 

0) to 0.10 ± 0.02 µmol/g of Hb (day 42). 

 

Table 2. Variation of bio-chemical parameters during storage 

Variables Day 0 Day 14 Day 28 Day 42 
F-value 

(P-value) 

pH 7.18 ± 0.03 7.18 ± 0.03 7.14± 0.03 
7.13 ± 

0.03 

1.317ns 

(0.289) 
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Glucose 

( mg/dL) 
650.4±18.45a 607.5±18.92b 573.2±22.09c 

535.5±

16.92d 

20.707** 

(<0.001) 

Potassiu

m 

(mmol/L) 

4.02 ± 0.22d 6.96 ± 0.27c 9.61 ± 0.39b 
13.15±

0.57a 

160.61** 

(<0.001) 

MDA 

(µmol/L) 
10.47±1.13d 15.15±1.36c 20.59±1.60b 

28.16±

1.76a 

33.342** 

(<0.001) 

GSH 

(µmol/g 

of Hb) 

0.02 ± 0.01d 0.05 ± 0.01c 0.08 ± 0.02b 
0.10 ± 

0.02a 

46.62** 

(<0.001) 

 

** Significant at 0.01 level (P<0.01);   ns - Non-significant (P>0.05) 

Means having different letter as superscript differ significantly within a row 

 

4.3 HAEMATOLOGICAL PARAMETERS 

 The average volume of pRBCs obtained from the samples 220 ± 20 ml. The 

minimum volume obtained was 200ml. The mean haematological changes of blood 

samples taken at 0, 14, 28 and 42 day of blood storage is as in table 3. 

4.3.1 Haemoglobin 

 Mean value of haemoglobin on day 0, 14, 28 and 42 were 19.53 ±0.41, 19.53 

±0.41, 19.72 ± 0.41 and 19.67 ± 0.41 g/dL, respectively. The values showed no 

significant difference statistically from day 0 to 42 (p>0.005). 

4.3.2 Volume of Packed Red Cells (VPRC) 

  Mean VPRC value at 0, 14, 28 and 42 were 55.20 ±1.24, 55.8 ± 1.20, 55.8 

± 1.20 and 55.8 ± 1.20 per cent respectively. No significant variation could be 

observed durring study period (p>0.005).   
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Table 3. Variation in haematological parameters during storage 

Variables Day 0 Day 14 Day 28 Day 42 
F-value 

(P-value) 

Haemoglobin 

(g/dL) 
19.53 ±0.41 19.53 ±0.41 19.72 ± 0.41 19.67± 0.41 

0.573ns 

(0.637) 

Volume of 

packed red 

cells (%) 

55.20 ±1.24 55.8 ± 1.20 55.90 ± 1.39 55.8 ± 1.20 
0.635ns 

(0.599) 

ns - Non-significant (P>0.05) 

4.4. HAEMOLYSIS OF RBC 

  Haemolysis of RBCs was determined by the fragility of RBCs by 

measuring resistance to haemolysis while being exposed to varying levels of 

dilutions of a saline solution (Plate 9). The data obtained from the selected samples 

as presented (Fig 1) was used to obtain the mean cell fragility (MCF) of the selected 

animals from day 0 to day 42.  The concentration of saline for promoting 50 per 

cent haemolysis is termed as MCF.  

 

Fig 1. Osmotic fragility curves of sample stored from Day 0 to 42 
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Plate 9. Haemolysis of RBC exposed to varying levels of saline dilution 



35 
 

 Linear equations were fitted for each period and the equations are as in 

Table 4. Using the fitted equations, concentration capable of promoting 50 per cent 

of haemolysis was estimated and is presented in table 5. 

Table 4. Models for predicting percentage of haemolysis at different stages of 

storage 

Dependent variable Fitted model R2 

Percentage of 

haemolysis at Day 0 
Y =118.498 – 110.456 X 0.864 

Percentage of 

haemolysis at Day14 
Y =118.157 – 129.044 X 0.910 

Percentage of 

haemolysis at Day 28 
Y =132.232 – 149.57 X 0.929 

Percentage of 

haemolysis at Day 42 
Y =115.436 – 128.690 X 0.925 

Y- dependant variable (percentage of haemolysis), X- independent variable 

(concentration of saline) 

 Coefficient of determination (R2) as given in Table 3 indicated that on day 

0, 86 per cent of the variability in the dependent variable percentage of haemolysis 

was due to the variation in concentration. About 91 per cent variability in 

percentage of haemolysis on day 14 can be explained by the variability in 

concentration. On day 28 it was 93 per cent and on day 42 it was 92.5 per cent. 

Higher R2 throughout the study is an indication of good fit of the predicted equation. 

  After fitting the equation, concentration capable of promoting 50 per cent 

of haemolysis is estimated by putting Y as 0.5 and then X value is estimated by 

using the fitted equation for all the four period of time and is as given in Table 4.  
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Table 5. Concentration capable of promoting 50 per cent of haemolysis in each 

period 

Period 

Concentration capable of 

promoting 50 percent of 

haemolysis 

Day 0 0.620  

Day 14 0.528 

Day 28 0.550 

Day 42 0.508 

 

 Based on the above results mean cell fragility did not show any major 

change from 14 to 42 of storage. 

4.5 MORPHOLOGICAL STUDY 

4.5.1 Light Microscopy 

  Blood smears were observed under oil immersion objective of microscope 

on day 0, 28 and 42 of collection. Red blood cells were classified based on the shape 

and size of the cells, which included macrocytes, microcytes, echinocytes, 

schistocytes, spherocytes and dacrocytes. Among these, echinocytes, schistocytes, 

spherocytes and dacrocytes did not show any significant change in its number from 

day 0 to 42. Anisocytosis and poikilocytosis was the predominant variation. 

  

4.5.1.1 Anisocytosis: Number of anisocytes increased from day 0 to 42 during 

storage (Plate 10 A). Number of cells per field increased proportionally with the 

storage time (Table 6). 

 

4.5.1.2 Poikilocytes: Same pattern of increase as of anisocytes was (Table 6) 

noticed during the storage period as in Table 7 (Plate 10 B). 
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4.5.1.2.1 Acanthocytes: Irregularly shaped poikilocytosis with spicules 

(acanthocytes) increased from day 0 to 42 (Plate 10 C). No 3+ variations were 

recorded during any stage of the study (Table 8). 

 

Table 6. Variation in Anisocytes during storage 

Anisocytes/1000 

cells 

Day 0 

(nos)* 

Day 0 

(per 

cent) 

Day 28 

(nos)* 

Day 28 

(per 

cent) 

Day 42 

(nos)* 

Day 42 

(per 

cent) 

1+ (1-10) 5 50 4 40 3 30 

2+ (11-20) 3 30 3 30 4 40 

3+ (>20) 2 20 3 30 3 30 

Total 10 100 10 100 10 100 

* nos- Number of field 

 

Table 7. Variation in Poikilocytes during storage 

Poikilocytes/1000 

cells 

 

Day 0 

(nos)* 

Day 0 

(per 

cent) 

Day 28 

(nos)* 

Day 28 

(per 

cent) 

Day 42 

(nos)* 

Day 42 

(per 

cent) 

1+ (1-10) 5 50 4 40 3 30 

2+ (11-20) 3 30 3 30 4 40 

3+ (>20) 2 20 3 30 3 30 

Total 10 100 10 100 10 100 

* nos- Number of field 

 

Table 8. Variation in Acanthocytes during storage 

Acanthocytes/1000 

cells 

Day 0 

(nos)* 

Day 0 

(per 

cent) 

Day 28 

(nos)* 

Day 28 

(per 

cent) 

Day 42 

(nos)* 

Day 42 

(per 

cent) 

1+ (1-10) 10 100 8 80 7 70 



 

 

 

Plate 10. Field stained pRBC smears using oil immersion objective of 

microscope (100X) 
 

 

 

 

 
 

 

 

10A. Blood smear with anisocytosis on day 0 of storage 



 

 

 

 

 

 

 

 

 
 

 
 

 

 

10B. Blood smear with poikilocytosis on day 42 of storage 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

10C. Blood smear with acanthocytes on day 42 of 

storage 
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2+ (11-20) 0 0 2 20 3 30 

3+ (>20) 0 0 0 0 0 0 

Total 10 100 10 100 10 100 

* nos- Number of field 

 

4.5.2 Scanning Electron Microscopy 

 The selected samples were taken on 0, 28 and 42nd day of storage period for 

SEM study. The morphology of day 0 cells was considered as the normal 

morphology (Plate 11 A).  In this study, no major changes of cell morphology was 

noticed on 28th and 42nd days from day 0 (Plate 11 B).  Most of the cells were 

spherical (Plate 11 C). Acanthocytes and dacrocytes were the common abnormal 

cells that were recorded (Plate 11 D), however these variations were present from 

day 0 itself. 

4.6 CULTURE STUDIES 

 All the selected samples were taken for culture studies on day 0, 14, 28 and 

42 days of storage period. The samples were incubated and inspected at 48 hrs and 

72 hrs of culture using blood agar and Macconkey agar. No growth was recorded 

during the study period. One sample that was positive for Staphylococci spp on day 

0 of storage was discarded. 

  



 

Plate 11. Scanning electron micrograph of erythrocytes stored in blood bags 

with SAGM 
 

 

11A. Normal morphology (day 0 of storage)- 2500X 



 

 

 

 

 
 

 
 

11 B. Representative RBCs morphology on day 0, 28 and 42 of 

storage (5000X) 



 

 

 
 

 
 

11C. Spherical cells (day 0 of storage)-20000X 



 

 

 

 

Plate 11D. Abnormal cells 
 

 
 

 
Acanthocytes (7000X) 

 
 

 
Dacrocyte (10000X) 



 

 

              Discussion 

 

 



5. DISCUSSION 

The following section discusses the results of the research work, “Suitability of 

saline-adenine-glucose-mannitol additive in citrate-phosphate-dextrose-adenine 

for storing packed red blood cells of goats”. 

5.1 HEALTH STATUS OF SELECTED ANIMALS, BLOOD COLLECTION 

AND STORAGE 

 The donor animals for the collection and storage of blood should be selected 

as per the health status, weight and be screened for blood borne parasites 

(Mudge, 2010). Selected animals should have VPRC value and other 

haematogical values within the reference range of selected species (Balcomb and 

Foster, 2014). In accordance with the above studies the selected animals in the 

study were clinically healthy, haematogical indices were in normal range and 

negative for any blood borne parasites. Therefore, the blood collected was used 

as representative samples of donor animals for storage studies. 

 The mean volume of blood in relation to body weight in goat was estimated 

as 0.076 L/kg (about 8 per cent of body weight) (Luethy et al., 2017).  According 

to Mudge (2010), twenty percentage of total blood volume can be collected for 

transfusion without any risk to the donor. In this study, 350ml of blood was 

collected using CPDA-SAGM blood bags for storage. As per the findings of 

Sousa et al. (2013) and Tavares et al. (2019), CPDA-1, is a suitable anticoagulant 

for the storage of sheep and goat blood respectively, under refrigeration. 

Moreover, Brugue et al. (2018) opined that addition of SAGM to RBCs 

improved its shelf life (up to 44 days) by reducing its ATP loss. 

5.2 BIOCHEMICAL PARAMETERS 

 The biochemical parameters assessed in this study were pH, glucose, 

potassium, MDA and GSH. 
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5.2.1 pH 

 In this study, mean pH value decreased from day 0 to 42 during storage, 

though it was not significant. The mean value was in the range 7.18 ± 0.03 to 

7.13 ± 0.03. Hess and Greenwalt (2002), opined that pH value above 7.2 will 

favor 2,3-DPG production and may affect the ATP synthesis and permissible 

lower pH limit for the stored blood was 6.65.  Reduction in pH values occur as 

RBCs are metabolically active and associated with glucose breakdown and 

anaerobic metabolism. Lactate and hydrogen ions were produced on storage of 

blood (Mudge et al., 2004; Hess et al., 2009). However, as the pH value decline 

was not significant and within the limits, the stored blood could be used for 

transfusion. 

5.2.2 Glucose 

 The mean value of supernatant glucose reduced as the storage period 

increases. This is in agreement with Tavares (2013), who observed decrease in 

glucose values during storage from day 0 to 42.This reduction might be due to 

the consumption of glucose by the metabolically active erythrocytes as an energy 

source. However, it has been recorded that glucose consumption of caprine 

erythrocytes is low in comparison to other species. Higher ATP reserves of 

caprine erythrocytes may also result in non-decline of glucose levels (Kaneko et 

al., 2008). 

 Even at the end of storage period, significant reduction in glucose was 

noticed in the mean value from 573.2 ± 22.09 mg/dL on 28th day to 535.5 ± 16.92 

mg/dL on 42nd day. This suggests that RBCs are metabolically active and fit for 

transfusion. The excess glucose in the nutrient media at the end of storage period 

was easily balanced post transfusion by the liver (Fonesca et al., 2018). 

5.2.3 Potassium 

 A significant increase was recorded in the supernatant potassium values 

during the study. In this study, on 42nd day of storage the supernatant mean 

potassium value was 13.15 ± 0.57 mmol/L, vis-à-vis day 0 value of 4.02 ± 0.22 
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mmol/L. During blood storage, a slow and continuous leakage of intracellular 

potassium to the plasma has been recorded. This has been considered to be 

associated with failure of Na+- K+ ATPase pump (Opoku-Okrah et al., 2015). 

Species wise difference in intracellular potassium level has been reported (Sousa 

et al., 2013). Opoku-Okrah et al. (2015) stated that plasma potassium level of 

blood stored in CPD solution can increase by 0.5-1.0 mmol/L per day. 

Extracellular potassium value can be used as a marker for assessing the quality 

of stored erythrocytes as the ATP depletion and improper refrigeration may 

result in elevation of potassium in ECF as suggested by Fonesca et al. (2018). 

Perusal of literature did not reveal any similar study for caprine pRBC storage 

with regard to potassium levels. If the canine and human potassium levels 

increase are considered for comparison, the potassium increase in the present 

study is slow and constant. Further, the values of the present study can be used 

as reference values for caprine pRBC storage studies. The post transfusion 

hyperkalaemia will become normal within few days of transfusion (Lion et al., 

2010). 

5.2.4 Malondialdehyde 

   The mean MDA values increased significantly throughout the storage from 

10.47 ± 1.13 µmol/L (day 0) to 28.16 ± 1.76 µmol/L (day 42). As it is an end 

product of lipid peroxidation, quantifying the MDA in stored blood was a useful 

marker to determine the extent of lipid peroxidation (Simsek et al., 2006; Nazifi 

et al., 2009; Pandey and Rizvi, 2011). Malondialdehyde formation indicated the 

loss of phospholipid from RBC membrane. Proportionating the MDA values, 

oxidative damage and resultant haemolysis can be assessed and viability of the 

cells in the storage media can be predicted (Fonesca et al., 2018). Increase in 

MDA values in the storage of pRBCs in SAGM of human blood has been 

reported (Chaudhary and Katharia, 2012). However in a similar study of human 

pRBCs, increase was found to be insignificant (Mustafa et al., 2016). Similar 

studies with regard to stored caprine pRBCs are lacking. Oxidative damage can 

result in change of osmotic fragility and formation of echinocyte and 
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spheroechinocyte (Sharifi et al., 2000). No such variation was recorded in the 

present study. Osmotic fragility variation and morphological changes of RBCs 

has been discussed in the specified section. It has been suggested that, addition 

of membrane interacting antioxidants like vitamin E analogue has beneficial 

effects in reducing lipid peroxidation level of RBCs stored in SAGM as 

suggested by Antosik et al. (2018). 

5.2.5 Reduced Glutathione  

 Erythrocytes in blood bank under storage are highly susceptible to oxidative 

damage as it contains high amount of reactive oxygen and it is regulated by the 

antioxidant system, which fails as the storage prolongs due to deficient cellular 

energy (Roback et al., 2011).  According to Kozlova et al. (2015), among the 

antioxidants, principal one is the intracellular reduced glutathione (GSH) and 

reduction in this value favours oxidative changes in RBCs. In the present study, 

a significant increase in GSH was recorded with storage. Huyut et al. (2016) 

reported that MDA value and GSH value were negatively correlated. Reduced 

glutathione studies with respect to caprine pRBC stored in SAGM is lacking. 

Increase in GSH during the study period suggests antioxidant activity to manage 

the oxidative stress. According to Roback et al. (2011), the oxidised form of 

GSH is GSSG, which is not an antioxidant but it can be converted back to GSH 

by using NADPH reducing equivalent derived from phosphate pentose pathway. 

It was also reported that supplementation of amino acid precursors can also 

stimulate GSH synthesis. 

  Two other antioxidants reported were α- tocoferol and ergothioneine, 

which are obtained from the diet or some unknown mechanisms and not 

synthesized by the erythrocytes. These were relatively stable during the storage. 

Additive used in the study, SAGM contains mannitol which act as an antioxidant 

by scavenging hydroxyl radical (OH) in various systems (Antosik et al., 2018). 

Therefore, several factors influence the GSH values and no specific conclusion 

could be drawn with regard to the increase recorded. 
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5.3 HAEMATOLOGICAL PARAMETERS 

Cellular integrity and shelf life of stored erythrocytes can be determined by 

assessing the haematogiocal parameters (Brugue et al., 2018; Spada et al., 2019). 

According to Antwi-Baffour et al. (2013), these parameters are highly sensitive 

to several factors, viz. storing temperature, storage solution, time gap between 

the analysis and collection. In this study, VPRC and total Hb of the stored 

erythrocytes were assessed. 

5.3.1 Volume of Packed Red Cells 

The volume of packed red blood cells can vary with the donor, residual 

plasma and amount of additive solution added. In canines, the VPRC values of 

pRBCs was in the range of 55-65 per cent (Ekiz et al., 2012). In the present 

study, no significant variation was recorded in VPRC values.  Antwi-Baffour et 

al. (2013) opined that during storage, degenerative changes may cause variation 

in membrane permeability leading to entry of water into cells which increase 

VPRC via elevated RBC volume. No degenerative changes of pRBCs as 

indicated by variation in VPRC was present in this study.  

5.3.2 Haemoglobin 

In this study, the mean value of haemoglobin was 19.53 ± 0.41g/dL (day 0), 

19.67 ± 0.39 g/dL (day 14), 19.72 ± 0.41 g/dL (day 28) and 19.67 ± 0.41 g/dL 

(day 42). No significant variation was recorded during the study period. 

Haemoglobin is considered to be a more reliable indicator of oxygen carrying 

capacity in comparison to the VPRC values as the latter is influenced by 

morphological changes (Ferreira et al., 2018). According to the guidelines of 

Council of Europe (2011) and UK blood transfusion services (2005), in human 

transfusion, each unit of blood should contain Hb value of 40g minimum in 80 

per cent of the collected samples.  Ferreira et al. (2014) in an extensive study of 
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canine pRBC, extrapolated these guidelines to assess the minimum Hb value 

required in pRBC. It was opined that minimum Hb value required was 18.2 g/dl. 

All the samples obtained in the present study had values above 18.2 g/dl, 

indicating the suitability of the storage media as well as validating the 

centrifugation procedure.   

5.4 HAEMOLYSIS OF RBCS 

Resistance to haemolysis of RBCs was measured using osmotic fragility 

test. In this test, degree of resistance was measured by treating the erythrocytes 

in varying concentration of saline in ascending order (Blasi et al., 2012; Mustafa 

et al., 2016). Concentration capable of promoting 50 per cent haemolysis was 

0.620 per cent (day 0), 0.528 per cent (day 14), 0.550 per cent (day 28) and 0.508 

per cent (day 42). Osmotic fragility was found to be higher on day 0. This is 

contrary to finding of Mustafa et al. (2016). It was reported that osmotic fragility 

increased as the storage progressed and RBCs stored at 42nd day had the least 

resistance to hypotonicity. Studies with respect of haemolysis of caprine RBCs 

stored in CPDA-SAGM blood bag is lacking.  Reduction in osmotic resistance 

of the RBCs is due to morphological changes. Transformation of normal discoid 

cells to spherocytes resulted in decreased surface area to volume ratio (Hogman 

et al., 2006). In the present study, no major morphological alterations were 

noticed in SEM and light microscopy. The storage media contains citrate and 

mannitol which are stability enhancers (Hess and Greenwalt, 2002). As research 

with regard to haemolysis of caprine RBCs stored in SAGM are lacking, it is 

concluded that extensive research with larger number of caprine samples may be 

required to reach an unequivocal opinion. 

5.5 MORPHOLOGICAL STUDY 

  Deformability of the cells was one of the crucial factors that helped the 

RBCs to pass through the splenic circulation. Major morphological changes may 

affect the post transfusion viability of erythrocytes (Obrador et al., 2015).  

Relevy et al. (2008) reported a similar opinion that deformability of the cells is 
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critical for passing through the minute capillaries with the size half the diameter 

of erythrocytes to accomplish proper perfusion of the tissues.  In the present 

study, assessment of the structural changes during storage was done with light 

microscopy and scanning electron microscopy. 

5.5.1 Light Microscopy   

  Under standard blood bank conditions during storage, RBCs undergo 

various reversible or irreversible morphological alterations which may affect the 

post transfusion viability and other complications in recipients (Berezina et al. 

(2002). Light microscopy aids the visual assessment of cell shape and is 

considered as the gold standard technique (Pinto et al., 2019).  As per the study 

of   Palmer et al. (2015), different systems are used to describe the findings of 

light microscopy like simple descriptions, present / absent and semi quantitative 

methods like few, moderate and many. In this study, it was described based on 

the number of cells per field. Different type of cells noticed were macrocytes, 

microcytes, acanthocytes, echinocytes, schistocytes, spherocytes and dacrocytes. 

Among these, variations were noticed during the storage period for macrocytes, 

microcytes and acanthocytes resulting in anisocytosis and poikilocytosis.  

5.5.1.1 Anisocytosis 

Anisocytosis is a condition of increased variability in size of RBCs. It may 

be larger than normal (macrocytes), smaller than normal (microcytes) and 

increased frequency of both the cells (Palmer et al., 2015).  In the present study, 

mild to moderate increase was noticed during storage. According to Jones 

(2007), in ruminants, moderate anisocytosis was normal. Palmer et al. (2015) 

reported that hypochromasia may result in microcytes but, in this study 

haemoglobin level is stable and was adequate for RBCs survival. In storage 

studies, macrocytes are considered as artifacts (Whitney and Weidmeyer, 2012). 

In ruminants macrocytosis has been recorded associated with conditions 

including non-regenerative anaemia, vitamin B12, folic acid and cobalt 
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deficiencies (Roland et al., 2014). Formation of macrocytes and microcytes was 

not related to membrane damage or storage (Bain et al., 2016). 

 

5.5.1.2 Poikilocytosis 

 In this work, same pattern of increase in poikilocytes was recorded as for 

anisocytes. Barger (2010) reported that in goats, poikilocytosis was a common 

finding. According to Palmer et al. (2015), abnormal shaped cells are called 

poikilocytes and it was not a specific abnormality. Based on the prominent shape 

observed, it can be correlated with the cause. As per the reports of Valenciano et 

al. (2014), RBC fragmentation and membrane abnormalities result in the 

formation of echinocyte, stomatocyte and acanthocytes. Among the poikilocytes 

in this study, acanthocytes were prominent and showed an increase during the 

storage period. 

Acanthocytes are irregularly shaped round hyperchromic cells with 2-20 

spicules of different length, shape and thickness. As suggested by Bain et al. 

(2016), it can be formed due to abnormal phospholipid or with inherited 

abnormalities of membrane proteins in the cells. Oxidative damage as evidenced 

by increase in MDA in the present study, can be considered as a cause of 

acanthocytosis. However, no 3+ variations were recorded, suggesting that the 

changes were not severe. Oxidative damage alone cannot be inferred as the cause 

of acanthocytosis (Warry et al., 2013). 

5.5.2 Scanning Electron Microscopy 

Among the domestic animals, central pallor and biconcavity was not 

prominent with an exception in dogs. In goats, erythrocytes shows flat surface 

with little surface depression (Harvey et al., 2012). In the present study, no major 

morphological changes were noticed from the 0th day to the end of storage period. 

Most of the cells were normal compared to goat erythrocyte morphology. Few 

abnormal cells, acanthocytes and dacrocytes were noticed from the beginning 

itself, indicating that it was not a storage defect. Moreover, in healthy goats 



47 
 

moderate poikilocytosis is commonly recorded (Barger, 2010). In a study in 

humans by Mustafa et al.  (2016), pRBCs stored in CPDA-SAGM on 0th day 

showed normal erythrocyte morphology. It was reported that by 28 days of 

storage majority of these cells became spherocytes and echinocytes and these 

changes were irreversible. No such morphological variations were recorded in 

the present study. 

Berezina et al. (2002) in a study of human blood stored in adenine saline 

solution opined that spherocyte, ovalocyte and sphero-echinocytes were 

irreversible changes and it affected the post transfusion viability. Leonart et al. 

(1997) reported that morphological alterations occur in RBCs with depletion of 

ATP. Spherocytes thus formed was an irreversible variation. No such 

morphological variation was recorded in the present study. Specific studies with 

regard to SAGM related caprine stored RBC SEM studies is lacking. In 

comparison to the light microscopic study, SEM studies can be considered 

superior in detecting morphological variations. The morphological changes 

recorded in RBCs in the present SEM study were few and cannot be considered 

to influence the storage viability. 

5.6 CULTURE STUDY  

During this study, one sample was positive of Staphylococci spp on the day 

0 of the storage and was discarded. Kessler et al. (2010) opined that if any 

discoloration was noticed in the blood bag, it should be checked for 

contamination. Because, even a mild contamination may cause severe post 

transfusion complication in recipients, who are mostly debilitated or immune-

compromised. According to Dargere et al. (2018), a contaminant is a non-

pathogenic bacteria which had entered during the collection or processing of 

blood. Among them, most prevalent were Staphylococci spp followed by 

Bacillus spp. Though non- pathogenic and irrelevant in the beginning, it becomes 

the cause of true bacteraemia as the concentration increases. It also results in 

variation in pH and lactic acid in blood bags affecting the quality and shelf life 

(Mudge et al., 2004; Stefanetti et al., 2016). Clinical and Laboratory Standard 
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Institute (2007), recommended that the rate of blood contaminant should not 

exceed 3 per cent of total blood culture and it can be reduced to a great extent by 

a proper collection protocol.  Based on the reports of Brecher and Hay (2005), 

making the skin completely aseptic was difficult. The ten samples in the study 

did not show any growth during the storage period. As the discarded sample was 

positive of Staphylococci spp on day ‘0’ of storage it can be inferred to be a skin 

contaminant. It is suggested that standard aseptic precautions need to be 

maintained during the phlebotomy procedure for blood collection. Moreover, it 

is recommended that stored blood is cultured at periodic intervals to ascertain its 

suitability for transfusion with regard to bacterial contamination. 

  



 

 

            Summary 



6. SUMMARY 

The study entitled ‘Suitability of saline-adenine-glucose-mannitol in citrate-

phosphate-dextrose-adenine for storing packed red blood cells of goats’ was 

conducted in Department of Veterinary Clinical Medicine Ethics and 

Jurisprudence, College of Veterinary and Animal Sciences , Mannuthy, during the  

period of 2019-2020.  

 Ten apparently healthy goats weighing 35 to 60 kg within an age range of 

4 to 8 years were selected for the study from University Goat and Sheep Farm, 

Mannuthy and other organized farms in Thrissur district. All the goats were 

dewormed and the health status of each animal was evaluated by physical 

examination and laboratory analysis including complete blood count, examination 

of blood smear and faecal sample. 

Whole blood was collected from the selected animals using commercially 

available CPDA-SAGM blood bags under aseptic conditions. Each of these units 

were centrifuged at 5,000 × g for 7minutes, at 4°C using FTBC- 6100R Blood Bank 

Refrigerated Centrifuge. After centrifugation, plasma was extracted in empty bag 

using plasma extractor from primary blood bag and SAGM was added from the 

satellite bag using the valves. After separation, pRBCs with SAGM was stored at 4 

± 20C in a dedicated refrigerator for 42 days and suitability of the blood in the blood 

bag was analysed every two weeks from day 0 to 42. The parameters used to assess 

the suitability in this study was broadly classified into biochemical, haematological, 

haemolysis of RBC, morphology and cultural studies. 

 Biochemical parameters assessed in this study are pH, glucose, potassium, 

MDA and GSH. Among these, pH was stable throughout the study without showing 

any significant change. A significant reduction was noticed in glucose values during 

the storage from 650.4 ± 18.45 mg/dL (day 0) to 535.5 ± 16.92 mg/dL (day 42) as 

glucose was used by the cells. Rest of the parameters increased significantly from 

0th day to 42nd day. Malondialdehyde value increased from 10.47 ± 1.13 to 28.16 ± 

1.76 µmol/L and GSH from 0.02 ± 0.01 to 0.10 ± 0.02 µmol/g of Hb. 
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Selected haematological parameters were haemoglobin (Hb) and volume of 

packed red cells (VPRC). Both of the parameters were steady during storage and 

did not show any significant change. The mean value of Hb was 19.53 ± 0.41 to 

19.67 ± 0.41 g/dL and VPRC was 55.20 ± 1.24 to 55.70 ± 1.44 per cent on day 0 

and 42 respectively. 

Haemolysis of RBCs was determined by osmotic fragility test.  A graph was 

plotted by percentage of haemolysis in the X axis against concentration of saline in 

Y axis to find mean cell fragility. Mean cell fragility did not show a major change 

from day 14 to 42 of storage. 

Morphological study of RBCs was done using light and scanning electron 

microscopy on 0, 28 and 42 days of storage. In light microscopy studies, blood 

smear samples were observed under oil immersion objective. Red blood cells were 

classified based on the shape and size of the cells. The cell noticed were macrocytes, 

microcytes, acanthocytes, echinocytes, schistocytes, spherocytes and dacrocytes. 

Among these, echinocytes, schistocytes, spherocytes and dacrocytes did not show 

any significant change in its number during storage period. Anisocytosis and 

poikilocytosis was the predominant variation. 

In scanning electron microscopy, no major abnormal changes were noticed 

and most of the cells was spherical comparable to normal goat cells. Some abnormal 

cells like acanthocytes and dacrocytes were observed. 

Cultural study was done on day 0, 14, 28 and 42 days of storage period. The 

samples were incubated and inspected at 48 hrs and 72 hrs of culture. One sample 

was positive for Staphylococci spp, suggestive of skin contamination and was 

discarded. No growth was recorded in the ten samples used for the research work 

during the study period. 
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Based on the findings of the present study, it can be concluded that 

 The storage media, CPDA-SAGM can be used for the storage of 

goat blood upto 42 days was fit for transfusion. Hence the storage 

media is suitable. 



 

 

           References 



 

 

7. REFERENCES 

Agzie, M., Niguse, S., Tsegay, E., Kahsay, G. and Mahmud, M.A. 2019. Bacterial 

contaminants of stored blood and blood components ready for transfusion 

at blood banks in Mekelle, Northern Ethiopia. BMC Res. Notes. 12: 169-

174. 

Al-Azzawie, H.F. and Alhamdani, M.S.S. 2006. Hypoglycemic and antioxidant 

effect of oleuropein in alloxan-diabetic rabbits. Life Sci. 78: 1371-1377. 

Almizraq, R.J., Seghatchian, J. and Acker, J.P. 2016. Extracellular vesicles in 

transfusion-related immunomodulation and the role of blood component 

manufacturing. Transfus. Apher. Sci. 55: 281-291. 

Antosik, A., Czubak, K., Cichon, N., Nowak, P. and Zbikowska, H. 2018. Vitamin 

E analogue protects red blood cells against storage-induced oxidative 

damage. Transfus. Med. Hemother. 45: 347-354. 

Antwi-Baffour, S., Quao, E., Kyeremeh, R. and Mahmood, S.A. 2013. Prolong 

storage of blood in EDTA has an effect on the morphology and osmotic 

fragility of erythrocytes. Int. J. Biomed. Engng. Clin. Sci. 1: 20-23. 

Argolo, E.P., Firmino, P.R., Soares, J.O., Nunes, T.L., Abrantes, M.R., Sousa, R.S., 

Oliveira, F.L.C., Paula, V.V., Ortolani, E.L., Minervino, A.H.H. and 

Barrêto-Júnior, R.A. 2018. Clinical responses to acute blood loss in goats. 

Semina: Agrarias Sci. 39: 583-592. 

Ayala, A., Munoz, M.F. and Arguelles, S. 2014. Lipid peroxidation: production, 

metabolism, and signaling mechanisms of malondialdehyde and 4-hydroxy-

2-nonenal. Oxid. Med. Cell. Longev. 2014: 1-31. 

Bain, B.J., Bates, I. and Laffan, M.A. 2016. Dacie and Lewis Practical 

Haematology . Elsevier Health Sciences, London, 600p. 

Balcomb, C. and Foster, D. 2014. Update on the use of blood and blood products 

in ruminants.  Vet. Clin. N. Am. Food Anim. Pract. 30: 455-74. 



53 
 

 

Barger, A.M. 2010. Erythrocyte morphology. In: Weiss, D.J., Wardrop, K.J. 

(ed.), Schalm’s Veterinary Hematology. (6th Ed.). Wiley-Blackwell, New 

Jersey, pp. 144-151. 

Barshtein, G., Manny, N. and Yedgar, S. 2011. Circulatory risk in the transfusion 

of red blood cells with impaired flow properties induced by storage. 

Transfus. Med. Rev. 25: 24-35. 

Bennett-Guerrero, E., Veldman, T.H., Doctor, A., Telen, M.J., Ortel, T.L., Reid, 

T.S., Mulherin, M.A., Zhu, H., Buck, R.D., Califf, R.M. and McMahon, T.J. 

2007. Evolution of adverse changes in stored RBCs. Proc. Nati. Acad. Sci. 

104 (43): 17063-17068. 

Berezina, T.L., Zaets, S.B., Morgan, C., Spillert, C.R., Kamiyama, M., Spolarics, 

Z., Deitch, E.A. and Machiedo, G.W. 2002. Influence of storage on red 

blood cell rheological properties. J. Surg. Res. 102: 6-12. 

Berthelsson, J. 2017. Anaplasma spp. infection in smallholder goat flocks around 

Gaborone, Botswana. Degree project, Swedish University of Agricultural 

Sciences, Uppsala, 20p. 

Beutler, E. 2000. Red cell metabolism. In: Anderson, K.C.  Ness, P.M. (ed.). 

Scientific Basis of Transfusion Medicine. (1st Ed.). W. B. Saunders 

Company, Philadelphia, pp. 133–144. 

Blasi, B., D’alessandro, A., Ramundo, N. and Zolla, L. 2012. Red blood cell storage 

and cell morphology. Transfus. Med. 22: 90-96. 

Braun, U., Schmid, T., Muggli, E., Steininger, K., Previtali, M., Gerspach, C., 

Pospischil, A. and Nuss, K. 2010. Clinical findings and treatment in 63 cows 

with haemorrhagic bowel syndrome. Swiss Arch. Vet. Med. 152: 515-521. 

Brecher, M.E. and Hay, S.N. 2005. Bacterial contamination of blood 

components. Clin. Microbial. Rev. 18: 195-204. 



54 
 

 

Brugue, C.B., Ferreira, R.R., Sanchez, I.M., Graca, R.M., Cardoso, I.M., de Matos, 

A.J. and de Gopegui, R.R. 2018. In vitro quality control analysis after 

processing and during storage of feline packed red blood cells units. BMC 

Vet. Res. 14: 1-8. 

Buehler, P.W. and D’Agnillo, F. 2010. Toxicological consequences of extracellular 

hemoglobin: biochemical and physiological perspectives. Antioxid. Redox 

Signal. 12: 275–291.  

Burke, J.M., Kaplan, R.M., Miller, J.E., Terrill, T.H., Getz, W.R., Mobini, S., 

Valencia, E., Williams, M.J., Williamson, L.H. and Vatta, A.F. 2007. 

Accuracy of the FAMACHA system for on-farm use by sheep and goat 

producers in the southeastern United States. Vet. Parasitol. 147: 89-95. 

Cap, A.P., Beckett, A., Benov, A., Borgman, M., Chen, J., Corley, J.B., Doughty, 

H., Fisher, A., Glassberg, E., Gonzales, R. and Kane, S.F. 2018. Whole 

blood transfusion. Mil. Med. 183: 44-51. 

Chaudhary, R. and Katharia, R. 2012. Oxidative injury as contributory factor for 

red cells storage lesion during twenty eight days of storage. Blood 

Transfus. 10: 59-62. 

CLSI [Clinical and Laboratory Standards Institute]. 2007. Principles and 

Procedures for Blood Cultures; Approved Guideline. (8th Ed.). Clinical and 

Laboratory Standards Institute, United States, 53p. 

Corsi, R., McMichael, M.A., Smith, S.A., O'Brien, M., Herring, J., Ngwenyama, 

T.R., Galligan, A., Beloshapka, A.N., Deng, P. and Swanson, K.S. 2014. 

Cytokine concentration in stored canine erythrocyte concentrates. J. Vet. 

Emerg. Crit. Care. 24: 259-263. 

Council of Europe. (2011). Guide to the Preparation, Use and Quality Assurance of 

Blood Components. (16th Ed.). Council of Europe Publishing, Strasburg, 

409p. 



55 
 

 

Crestani, C., Vascellari, M., Stefani, A., Carminato, A., Cro, A., Bozzato, E., 

Mutinelli, F. 2018. In vitro assessment of quality of citrate-phosphate-

dextrose- adenine-1 preserved feline blood collected by a commercial 

closed system. J.  Vet. Intern. Med. 32:1051–1059. 

D’Alessandro, A., Righetti, P.G. and Zolla, L. 2010. The red blood cell proteome 

and interactome: an update. J. Proteome Res. 9: 144-163. 

Dargere, S., Cormier, H. and Verdon, R. 2018. Contaminants in blood cultures: 

importance, implications, interpretation and prevention. Clin. L. Microbiol. 

Infect. 24: 964-969. 

Ekiz, E.E., Arslan, M., Akyazi, I., Uygur, E.E., Gultekin, G.İ. and Ozcan, M. 2012. 

The effects of prestorage leukoreduction and storage duration on the in vitro 

quality of canine packed red blood cells. Turk. J. Vet. Anim. Sci. 367: 711-

717. 

Engelfriet, C.P., Reesink, H.W., Blajchman, M.A., Muylle, L. 2000. Bacterial 

contamination of blood components. Vox Sang. 78: 59-67. 

Ermilio, E.M. and Smith, M.C. 2011. Treatment of emergency conditions in sheep 

and goats. Vet. Clin. N. Food Anim. Pract. 27: 33-45. 

Ferreira, R.R., Gopegui, R.R., Maia, S. and Matos, A.J. 2014. Laboratory analysis 

of canine packed red blood cells-effects of collection and processing on 

haemolysis, haemoglobin concentration, haematocrit and blood 

culture. Comp. Clin. Path. 23: 1395-1401. 

Ferreira, R.R., Graça, R.M., Cardoso, I.M., Gopegui, R.R. and de Matos, A.J. 2018. 

In vitro hemolysis of stored units of canine packed red blood cells. J. Vet. 

Emerg. Crit. Care. 28: 512-517. 

Fonseca, N., Gameleira, J.S., Cavalcante, J.M., Oliveira, F.L., Mori, C.S., Sousa, 

R.S., Minervino, A.H. and A Barrêto-Júnior, R. 2018. Biochemical 

responses, blood gas, oxidative stress and lipid peroxidation of goats 



56 
 

 

transfused with fresh or stored whole homologous blood. Braz. J. Vet. 

Res. 38: 2070-2079. 

Frank, S.M., Abazyan, B., Ono, M., Hogue, C.W., Cohen, D.B., Berkowitz, D.E., 

Ness, P.M. and Barodka, V.M. 2013. Decreased erythrocyte deformability 

after transfusion and the effects of erythrocyte storage duration. J. Anesth. 

Analg. 116: 975-981. 

Galey, W.R., Evan, A.P., Van Nice, P.S., Dail, W.G., Wimer, B.M. and Cooper, 

R.A. 1978. Morphology and Physiology of the McLeod Erythrocyte: I. 

Scanning Electron Microscopy and Electrolyte and Water Transport 

Properties.  Vox Sang. 34: 152-161. 

Giannitti, F., Rioseco, M.M., García, J.P., Beingesser, J., Woods, L.W., Puschner, 

B. and Uzal, F.A. 2014. Diagnostic exercise: Hemolysis and sudden death 

in lambs. Vet. Path. 51: 624-627. 

Gibson, G. and Abrams-Ogg, A. 2012. Canine transfusion medicine. In: Day, M. 

J., Kohn, B. (ed.), Canine and Feline Haematology and Transfusion 

Medicine. (2nd Ed.). British Small Animal Veterinary Association, 

Gloucester, pp. 289–307. 

Goklaney, D., Singh, A.P., Dhuria, R.K. and Ahuja, A. 2012. Therapeutic 

Evaluation of Mineral Preparation for the Amelioration of Anaemia in 

Goats of Arid Zone of Rajasthan. Iran J. Appl. Anim. Sci. 2: 137-141. 

Harvey, J.W., Stevens, A., Lowe, J.S. and Scott, I. 2012. Veterinary Hematology. 

(1st Ed.). WB Saunders Company, St. Louis, 368p. 

Heinz, J.A., Pashmakova, M.B., Wilson, C.R., Johnson, M.C., Minnard, H.M., 

Bishop, M.A. and Barr, J.W. 2016. Biochemical evaluation of the effects of 

storage on feline erythrocytes. J. Small Anim. Pract. 57: 637-643. 

Herring, J.M., Smith, S.A., McMichael, M.A., O'Brien, M., Ngwenyama, T.R., 

Corsi, R., Galligan, A., Beloshapka, A.N., Deng, P. and Swanson, K.S. 



57 
 

 

2013. Microparticles in stored canine RBC concentrates. Vet. Clin. Path. 

42: 163-169. 

Hess, J.R. and Greenwalt, T.G. 2002. Storage of red blood cells: new 

approaches. Transfus. Med. Rev. 16: 283-295. 

Hess, J.R., Sparrow, R.L., Van Der Meer, P.F., Acker, J.P., Cardigan, R.A. and 

Devine, D.V. 2009. Blood components: red blood cell hemolysis during 

blood bank storage: using national quality management data to answer basic 

scientific questions. Transfusion. 49: 2599-2603. 

Hofbauer, N., Windberger, U., Schwendenwein, I., Tichy, A. and Eberspächer, E. 

2016. Evaluation of canine red blood cell quality after processing with an 

automated cell salvage device. J. Vet. Emerg. Crit. Care. 26: 373-383. 

Hogman, C.F., Lof, H. and Meryman, H.T. 2006. Storage of red blood cells with 

improved maintenance of 2, 3‐bisphosphoglycerate. Transfusion. 46: 1543-

1552. 

Hornok, S., Elek, V., de la Fuente, J., Naranjo, V., Farkas, R., Majoros, G. and 

Földvari, G. 2007. First serological and molecular evidence on the 

endemicity of Anaplasma ovis and Anaplasma marginale in Hungary. Vet. 

Microbiol. 122: 316-322. 

Hughes, J.D., Macdonald, V.W. and Hess, J.R. 2007. Warm storage of whole blood 

for 72 hours. Transfusion. 47: 2050-2056. 

Huyut, Z., Şekeroglu, M.R., Balahoroglu, R., Karakoyun, T. and Çokluk, E. 2016. 

The relationship of oxidation sensitivity of red blood cells and carbonic 

anhydrase activity in stored human blood: effect of certain phenolic 

compounds. BioMed Res. Int. 2016: 1-8. 

Jagodich, T.A. and Holowaychuk, M.K. 2016. Transfusion practice in dogs and 

cats: an Internet‐based survey. J. Vet. Emerg. Crit. Care. 26: 360-372. 

Jones, M.L. and Allison, R.W. 2007. Evaluation of the ruminant complete blood 

cell count. Vet. Clin. N. Am.: Food Anim. Pract. 23: 377-402. 



58 
 

 

Joseph, A. 2011. Epidemiological investigation on anaemia of goats with special 

reference to haemoparasites. M.V.Sc thesis, Kerala Veterinary and Animal 

Sciences University, Pookode, 66p 

Kakaiya, R., Aronson, C.A. and Julleis, J. 2011. Whole blood collection and 

component processing at blood collection centers. In: Mark, E.B. (ed.), 

Technical manual. (17th Ed.).  American Association of Blood Banks, 

Bethesda, pp. 187-226. 

Kaneko, J.J., Harvey, J.W. and Bruss, M.L. 2008. Clinical Biochemistry of 

Domestic Animals. (6th Ed.). Academic press, Cambridge, 928p. 

Katoch, A. and Mandial, R.K. 2003. Clinico-haematological, biochemical and 

therapeutic studies on anaemia in cattle. Indian J. Vet. Med. 23: 75-78. 

Katsogiannou, E.G., Athanasiou, L.V., Christodoulopoulos, G. and Polizopoulou, 

Z.S. 2018. Diagnostic approach of anemia in ruminants. J. Hellenic Vet. 

Med. Soc. 69: 1033-1046. 

Kessler, R.J., Rankin, S., Young, S., O'Shea, K., Calabrese, M., Guldin, A., Lipson, 

N., Oakley, D.A. and Giger, U. 2010. Pseudomonas fluorescens 

contamination of a feline packed red blood cell unit and studies of canine 

units. Vet. Clin. Path. 39: 29-38. 

Kisielewicz, C., Self, I. and Bell, R. 2014. Assessment of clinical and laboratory 

variables as a guide to packed red blood cell transfusion of euvolemic 

anemic dogs. J. Vet. Intern. Med. 28: 576-582. 

Kozlova, Е., Chernysh, А., Moroz, V., Sergunova, V., Gudkova, О. and Kuzovlev, 

А. 2015. Nanodefects of membranes cause destruction of packed red blood 

cells during long-term storage. Exp. cell Res. 337: 192-201. 

Lacerda, L.A., Hlavac, N.R., Terra, S.R., Back, F.P., Jane Wardrop, K. and 

González, F.H. 2014. Effects of four additive solutions on canine 

leukoreduced red cell concentrates quality during storage. Vet. Clin. Path. 

43: 362-370. 



59 
 

 

Lanevschi, A. and Wardrop, K.J. 2001. Principles of transfusion medicine in small 

animals. Can. Vet. J. 42: 447-454. 

Leonart, M.S.S., Nascimento, A.J., Nonoyama, K., Pelissari, C.B., Stinghen, 

A.E.M. and Barretto, O.D.O. 1997. Correlation of discocyte frequency and 

ATP concentration in preserved blood: A morphological indicator of red 

blood cell viability. Braz. J. Med. Biol. Res. 30: 745-747. 

Lion, N., Crettaz, D., Rubin, O. and Tissot, J.D. 2010. Stored red blood cells: a 

changing universe waiting for its map (s). J. Proteome. 73: 374-385.  

Livestock Census. 2019. Available: https://dahd.nic.in/about-us/divisions/statistics 

[NOV 4, 2020]. 

Luethy, D., Stefanovski, D., Salber, R. and Sweeney, R.W. 2017. Prediction of 

packed cell volume after whole blood transfusion in small ruminants and 

South American Camelids. J. Vet. Intern. Med. 31:1900-1904. 

Marchi, M.N.A., Luz, P.E., Martins, R.R., Simonelli, S.M., Pereira, U.P. and 

Pereira, P.M. 2019. Quality control in the different stages of producing red 

blood cell concentrate from dogs. Arq. Braz. Med. Vet. Zootec. 71: 93-101. 

Morris, J.D., Fernandez, J.M., Chapa, A.M., Gentry, L.R., Thorn, K.E. and Weick, 

T.M. 2002. Effects of sample handling, processing, storage, and hemolysis 

on measurements of key energy metabolites in ovine blood. Small Rum. Res. 

43: 157-166. 

Mudge, M.C., Macdonald, M.H., Owens, S.D. and Tablin, F. 2004. Comparison of 

4 blood storage methods in a protocol for equine pre‐operative autologous 

donation. Vet. Surg. 33: 475-486. 

Mudge, M.C. 2010. Blood transfusion in large animals. In: Weiss, D.J. and 

Wardrop K.J. (ed.), Schalm’s Veterinary Hematology. (6th Ed.). Wiley-

Blackwell, New Jersey, pp. 757-761. 

https://dahd.nic.in/about-us/divisions/statistics


60 
 

 

Mustafa, I., Al Marwani, A., Mamdouh Nasr, K., Abdulla Kano, N. and Hadwan, 

T. 2016. Time dependent assessment of morphological changes: 

leukodepleted packed red blood cells stored in SAGM. BioMed. Res. Int. 

2016: 1-6. 

Nazifi, S., Saeb, M., Ghafari, N., Razeghian, I., Razavi, S.M., Vosoughi, F., 

Dehghani, F. and Orangi, H. 2009. Reference values of oxidative stress 

parameters in adult native Iranian goats. Bulg. J. Vet. Med. 12: 119-124. 

Obrador, R., Musulin, S. and Hansen, B. 2015. Red blood cell storage lesion. J. Vet. 

Emerg. Crit. Care. 25: 187-199. 

Okhawa, H., Ohishi, N. and Yagi, K. 1979. Reaction of linoleic acid 

hydroperoxides with thiobarbituric acids. Analyt. Biochem. 95: 351-354. 

Opoku-Okrah, C., Acquah, B.K.S. and Dogbe, E.E. 2015. Changes in potassium 

and sodium concentrations in stored blood. Pan Afr. Med. J. 20: 1-6. 

Palmer, L., Briggs, C., McFadden, S., Zini, G., Burthem, J., Rozenberg, G., 

Proytcheva, M. and Machin, S.J. 2015. ICSH recommendations for the 

standardization of nomenclature and grading of peripheral blood cell 

morphological features. Int. J. Lab. Hematol. 37: 287-303. 

Pandey, K.B. and Rizvi, S.I. 2011. Biomarkers of oxidative stress in red blood cells. 

Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech. Repub. 155: 131-

136. 

Pinto, R.N., Sebastian, J.A., Parsons, M.J., Chang, T.C., Turner, T.R., Acker, J.P. 

and Kolios, M.C. 2019. Label‐free analysis of red blood cell storage lesions 

using imaging flow cytometry. Cytom. A. 95: 976-984. 

Poder, T.G., Nonkani, W.G. and Leponkouo, E.T. 2015. Blood warming and 

hemolysis: a systematic review with meta-analysis. Transfus. Med. Rev. 29: 

172-180. 



61 
 

 

Polizopoulou, Z.S. 2010. Haematological tests in sheep health management. Small 

Rum. Res. 92: 88-91. 

Polliack, A. 1981. The contribution of scanning electron microscopy in 

haematology: its role in defining leucocyte and erythrocyte disorders. J. 

Microsc. 123: 177-187. 

Raat, N.J.H. and Ince, C. 2007. Oxygenating the microcirculation: the perspective 

from blood transfusion and blood storage. Vox Sang. 93: 12-18. 

Radwanski, K., Thill, M. and Min, K. 2014. Red cell storage in E‐S ol 5 and A dsol 

additive solutions: paired comparison using mixed and non‐mixed study 

designs. Vox Sang. 106: 322-329. 

Relevy, H., Koshkaryev, A., Manny, N., Yedgar, S. and Barshtein, G. 2008. Blood 

banking–induced alteration of red blood cell flow 

properties. Transfusion. 48: 136-146. 

Roback, J.D., Neuman, R.B., Quyyumi, A. and Sutliff, R. 2011. Insufficient nitric 

oxide bioavailability: a hypothesis to explain adverse effects of red blood 

cell transfusion. Transfusion. 51: 859-866. 

Roland, L., Drillich, M. and Iwersen, M. 2014. Hematology as a diagnostic tool in 

bovine medicine. J. Vet. Diagn. Invest. 26: 592-598. 

Sharifi, S., Dzik, W. and Sadrzadeh, S. 2000. Human plasma and tirilazad mesylate 

protect stored human erythrocytes against the oxidative damage of gamma-

irradiation. Transfus. Med. 10: 125-130. 

Simsek, S., Yuce, A. and Utuk, A.E. 2006. Determination of serum 

malondialdehyde levels in sheep naturally infected with Dicrocoelium 

dendriticum. Firat Univ. Vet. J. Hlth. Sci. 20: 217-220. 

Smith, P.B. 2009. Large Animal Internal Medicine. (4th Ed.). Mosby Elsevier St. 

Louis, Missouri, 1872p. 



62 
 

 

Sollberger, T., Walter, R., Brand, B., Contesse, J., Meredith, D.O. and Reinhart, 

W.H. 2002. Influence of prestorage leucocyte depletion and storage time on 

rheologic properties of erythrocyte concentrates. Vox Sang. 82: 191–197. 

Sousa, R.S., Barrêto‐Júnior, R.A., Sousa, I.K., Chaves, D.F., Soares, H.S., Barros, 

I.O., Minervino, A.H. and Ortolani, E.L. 2013. Evaluation of hematologic, 

blood gas, and select biochemical variables in ovine whole blood stored in 

CPDA‐1 bags. Vet. Clin. Path. 42: 27-30. 

Spada, E., Perego, R., Baggiani, L., Martino, P.A. and Proverbio, D. 2019. 

Hematological, biochemical and microbiological evaluation of feline whole 

blood units collected using an open system and stored for 35 days. Vet. 

J. 254: 105396. 

Sparrow, R.L. 2012. Time to revisit red blood cell additive solutions and storage 

conditions: a role for “omics” analyses. Blood Transfus.10: 7-11. 

Stefanetti, V., Miglio, A., Cappelli, K., Capomaccio, S., Sgariglia, E., Marenzoni, 

M.L., Antognoni, M.T., Coletti, M., Mangili, V. and Passamonti, F. 2016. 

Detection of bacterial contamination and DNA quantification in stored 

blood units in two veterinary hospital blood banks. Vet. Clin. Path. 45: 406-

410.  

Tavares, M.D. 2013. Hematological, biochemical and hemogasometric evaluation 

of goat blood stored in CPDA-1 and CPD/SAG-M bags. M.V.Sc thesis, 

Federal Rural University of the Semi-Arid, Mossoro, 76p. 

Tavares, M.D., Barros, I.D.O., Sousa, R.D.S., Firmino, P.R., Gameleira, J.D.S., 

Oliveira, F.L.C.D., Minervino, A.H.H., Ortolani, E.L. and Alves Barreto-

Junior, R. 2019. Hematological, biochemical, and blood gas alterations of 

goat whole blood stored in CPDA-1 and CPD/SAG-M plastic 

bags. Cienc. Rural. 49: 1-8. 

Tocci, L.J. 2010. Transfusion medicine in small animal practice. Vet. Clin. N. Am. 

Small Anim. Pract. 40: 485-494. 



63 
 

 

UK Blood Transfusion Services. (2005). Guidelines for the Blood Transfusion in 

the United Kingdom. (7th Ed.). The Stationery Office, Norwich, 386p. 

 

Valenciano, A.C., Cowell, R., Rizzi, T. and Tyler, R.D. 2013. Atlas of Canine and 

Feline Peripheral Blood Smears. (1st Ed.). Elsevier Health Sciences, 

Philadelphia, 284p. 

Warry, E., Bohn, A., Emanuelli, M., Thamm, D. and Lana, S. 2013. Disease 

distribution in canine patients with acanthocytosis: 123 cases. Vet. Clin. 

Path. 42: 465-470. 

Whitney, M.S and Weidmeyer, C. 2011. Macrocytosis. In: Wilson, D.A.(ed.), 

Clinical Veterinary Advisor: The Horse. (1st Ed.). WB Saunders Company, 

St. Louis, pp. 944-945. 

World Health Organization, Department of Blood Safety and Clinical Technology. 

2012. Safe Blood and Blood Products: Manual on the Management, 

Maintenance and Use of Blood Cold Chain Equipment. (12thEd.). World 

Health Organization, Geneva, 92p. 

Yagi, K. and Holowaychuk, M. 2016. Manual of Veterinary Transfusion Medicine 

and Blood Banking. John Wiley & Sons, New Jersey, 928p. 

Yang, H., Kim, W., Bae, J., Kim, H., Kim, S., Choi, J., Park, J., Jung, D.I., Koh, H. 

and Yu, D. 2019. Effects of irradiation and leukoreduction on down-

regulation of CXCL-8 and storage lesion in stored canine whole blood. J. 

Vet. Sci. 20: 72-78. 



SUITABILITY OF SALINE-ADENINE-GLUCOSE-MANNITOL 

ADDITIVE IN CITRATE-PHOSPHATE-DEXTROSE-ADENINE 

FOR STORING PACKED RED BLOOD CELLS OF GOATS 

 

ANAZ S.R. 

(18-MVM-31)  

 

ABSTRACT 

Submitted in the partial fulfillment of the requirement for the degree of 

MASTER OF VETERINARY SCIENCE 

(Veterinary Clinical Medicine, Ethics and Jurisprudence) 

2021 

 

Faculty of Veterinary and Animal Sciences 

Kerala Veterinary and Animal Sciences University 

 

 

 

 

 

DEPARTMENT OF VETERINARY CLINICAL MEDICINE, 

ETHICS AND JURISPRUDENCE 

COLLEGE OF VETERINARY AND ANIMAL SCIENCES 

MANNUTHY, THRISSUR 680651 

KERALA, INDIA 

  



 ABSTRACT 

In veterinary transfusion medicine, studies related to farm animal transfusions are 

scarce. Due to the rise in emotional and commercial value, need of transfusion in this 

area is increasing day by day. The present study entitled ‘Suitability of saline-adenine-

glucose-mannitol additive in citrate-phosphate-dextrose-adenine for storing packed red 

blood cells of goats’ envisages the identification of a suitable storage media for goat 

blood upto 42 days. 

Ten apparently healthy goats weighing 35 to 60 kg within an age range of 4 to 

8 years maintained at University Goat and Sheep Farm, Mannuthy and other organized 

farms in Thrissur district were selected for the study. Whole blood units were collected 

from the selected animals using commercially available CPDA-SAGM blood bags 

under aseptic conditions. After centrifugation of each unit (350ml), plasma was 

separated and SAGM were added to pRBCs and stored at 4 ± 20C in dedicated 

refrigerator upto 42 days. For analysing the parameters, samples were collected from 

the bag every two weeks from the day of collection to day 42. Light and scanning 

electron microscopic (SEM) studies were carried out on day 0, 28 and 42 of storage. 

Biochemical and haematological parameters, RBC haemolysis assessment, 

morphological variation and cultural studies of stored blood was carried out. 

 The pH of the stored blood remained stable whereas glucose showed a 

significant reduction. Potassium, malondialdehyde and reduced glutathione increased 

throughout the storage. Haemoglobin and volume of packed red cells did not show any 

significant change during storage. Haemolysis of RBCs was analysed using osmotic 

fragility test. The mean cell fragility of pRBCs did not show a major change from day 

14 to 42 of storage. Anisocytosis and poikilocytosis was recorded in light microscopy. 

In SEM only a few acanthocytes and dacrocytes were recorded. Storage related 

variations were recorded in the samples as the storage period progressed. The study 

suggests that CPDA-SAGM is a suitable storage media for caprine pRBCs. 
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