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Abstract: This study aimed to investigate the haematological profile of Clarias gariepinus after stress 

from transportation and handling in the market. C. gariepinus mixed sexes and siblings reared in the 

same fish tank were subjected to transportation and market stressors associated with transportation 
and handling in the market. Ten fish were collected at random at successive time intervals at the fish 

farm (A), another immediately after arriving at the Choba market (B), and then after 3 hours (C), 6 

hours (D), and 9 hours (E) at the same location. The results revealed that red blood cell (RBC) levels 

were higher in the non-stressed group (Group A) than in the test populations (Groups B-E).The 

differences in values were not statistically significant (p<0.05). Haemoglobin levels were consistent 

with the RBC. The non-stressed group had the highest value of 14.87±0.81 g/dL. Mean values of the 
platelets ranged from 195.00±12.50 ×10 /L to 242.33±12.99 ×10 /L for all the samples, and this 

parameter showed a significant difference. The mean packed cell volume (PCV) values differed 

significantly between different population groups. There was no statistically significant difference 

(p<0.05) in neutrophils, lymphocytes, or monocytes values, but eosinophils showed a significant 
difference (p <0.05) across all treatments. The glucose mean values did not differ significantly across 

the populations, with the lowest value of 24.3±52.71g/dL recorded for the control relative to the test 

populations. It can be concluded that acute stress alters blood parameters in fish, and all the 
haematological parameters determined in the present study are important stress markers. 
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1. Introduction 

 

In Nigeria catfish accounts for roughly 

64% of aquaculture fish production [1], 

with production put at 189,562 tonnes in 

2017 [2]. Increased production of Clarias 

gariepinus, one of the Clarrid species, was 

supported by consumer and farmer 

acceptance of the fish due to beneficial 

characteristics such as fast growth and high 

market demand. [3]. At current levels of 

production, there is a need for permanent 

exchange relationships to exist between 

producers and consumers. The availability 

of fish to consumers at the right time and 

place necessitates an efficient marketing 

system.  

As such, the marketing system must 

develop well to provide the necessary 

services to ensure the machineries for 

enhancing marketing efficiency are put in 

place. There is a consumer perception that 

live fish are healthier than fresh or frozen 

products, and many consumers perceive 

that live fish are superior to frozen in terms 

of taste, freshness, and nutritional value. 

As a result, catfish are frequently 

distributed and sold live from farm gates to 
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designated fish markets in the majority of 

cities and towns across the country, where 

the fish are sold to restaurants, processors, 

and final consumers. [4]. 

 During transport and marketing, fish are 

exposed to a multitude of stressors such as 

loading density, handling stress, water 

movement, noise, thirst, hunger, 

malnutrition, vibrations, poor water 

conditions, pain, injury, discomfort, 

disease, restriction of normal behaviors, 

fear, and suffering [5]. 

Exposure to such stressors simultaneously 

or in rapid succession may induce severe 

physiological stress [5]. Fish struggle 

during harvest has been shown to cause 

rapid decreases in post-mortem muscle pH, 

affecting fillet quality through loss of fillet 

firmness and increased fillet gaping. [6]. 

Therefore, since the transport of live fish to 

markets some miles away is stressful for 

fish, it deserves special attention. 

Knowledge on stress in fish following 

transport and handling in the market is 

important to delineate the health status and 

quality of fish and provide a future 

understanding of stress impacts that could 

modify the physiological state of the fish. 

 It is well known that haematological and 

serum biochemical changes are termed as 

pre-requisite to determine the health status 

of fish [7]. Among haematological indices, 

blood cells are one of the best indicators of 

body health [8]. Furthermore, blood 

glucose is a marker of the metabolic rate of 

the stress response [9]. The majority of 

past research on stress physiology in fish 

during the last few decades has focused on 

laboratory experiments, which enforce 

scientific control and a highly controlled 

setting in a laboratory. This study was 

designed to determine the physiological 

response of C. gariepinus to acute stress of 

transportation and handling in the field to 

reflect real-life conditions.  

 

 

 

2. Matherials and methods 

 

Adult catfish (C. gariepinus) in excellent 

health status, (mean weight 973 ± 3.34 g 

and mean length 32 ± 00.3 cm mixed 

sexes) were purchased from a commercial 

fish farm in Ahoada and Choba market, 

Rivers State, Nigeria.  They were siblings 

reared in the same fish tank. At the farm, 

the catfish are starved prior to 

transportation to the market a distant of 

about 47.8km. Food is being withheld for 

24 h. The experiment was carried out in 

the rainy season (June 2019). The 

following experimental protocol was used: 

fish were divided into six groups (Groups 

A, B, C, D, E and F), Fish of Group A 

were not subjected to stress (control 

group), while those of Group B were 

subjected to acute handling and 

transportation stress. Group C, D, E and F 

were subjected to transportation stress and 

acute handling in the market. At the time 

of sampling, ten fish were collected at 

random at a successive time intervals at the 

fish farm (A), another immediately after 

arriving at the Choba market (B) and then 

3 hours (C), 6 hours (D), 9 hours (E) at the 

same location, to determine the effects of 

stress associated with transportation and 

handling in the market on the haematology 

of fish. Blood samples were collected 

using 5ml syringe, and transferred to test 

tubes after each collection and 

immediately put on melting ice. The 

experiment was conducted in triplicates for 

each category. Samples were stored on ice 

for immediate analysis in the Laboratory. 

 

Laboratory Experiment  

 

Blood collection and Processing  

Blood was drawn from the posterior caudal 

vein using needle and syringes according 

to [10] and 2ml was decanted in EDTA 

bottles for the assessment of 

haematological parameters, while another 
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 2ml was decanted into heparinized bottles 

for the BLL determination. Whole blood 

(50µl) was stained for enumeration of red 

and white blood cells [11]. Blood smears 

were air-dried for five minutes, fixed in 

absolute methanol, and stained for 60 

seconds in Giemsa stain. 

 

Haematological Analyses 

 Red blood cells (RBC) and white blood 

cells (WBC) were counted in a Neubauer 

chamber; packed cell volume (PCV) by the 

microhematocrit technique; and 

haemoglobin level (Hb) by the 

cyanomethemoglobin method. 

Haematological indices were computed 

using standard formulae while glucose was 

measured in the laboratory using an 

electronic blood glucose meter.   

 

Data Analysis 

Statistical analysis of the data was 

performed using a Statistical Package for 

the Social Sciences (SPSS v16.0). A one-

way ANOVA was applied to understand 

the difference in haematological 

parameters between and among groups of 

fish, and significance was set at 0.05 

 

 

3. Results and discussion 
 

The red blood Parameters Profile of C. 

gariepinus exposed to handling, 

transportation, and market stressors is 

summarized in Table 1. The red blood cell 

(RBC) levels of the stressed groups were 

generally lower than those of the non-

stressed group (Group A). The highest 

value of 24.17±17.97 (×10^12) was 

recorded for the non-stressed group (Group 

A), while the values recorded for stressed 

groups ranged from 4.73±0.12 (×10^12) to 

5.90±0.21 (×10^12). The variations in 

values, however, were not statistically 

significant (p<0.05). 

Stress caused by capture, handling, and 

sampling procedures was observed to 

cause intraspecies haematological value 

variation [12]. The haemoglobin mean 

values ranged between 10.13±0.30 g/dL 

and 14.87±0.81 g/dL with the non-stressed 

(Group A) having the highest (14.87±0.81 

g/dL) relative to the test populations 

(Groups B-E). The mean platelet values for 

all samples were extremely high, as 

indicated in table 1, ranging between 

195.00±12.50   ×10 /L recorded for non-

stressed and 242.33±12.99   ×10 /L  

(Group E), and this parameter showed a 

significant difference. Haemoglobin values 

were consistent with red blood cell. The 

highest value of 14.87±0.81 g/dL was 

recorded for the non-stressed group. These 

changes were attributed to a direct or 

feedback response to structural damage to 

the RBC membrane, which resulted in 

haemolysis and impaired haemoglobin 

synthesis, as well as stress-related RBC 

release from the spleen [13,15]. The mean 

packed cell volume (PCV) values 

decreased sharply from the non-stressed 

group (44.67±2.40 %) to 40.00±1.15 % 

(Group B) and then decreased gradually to 

30.33±0.88 % (Group E). HATTINGH & 

VAN PLETZEN [14] reported a 

decrease in the fish blood 

haemoglobin concentration and PCV. 

This is consistent with the findings of [15] 

studies, which show that the park cell 

value is lower in the non-stressed group 

compared to the stressed group.  

As follows, four different types of white 

blood cells were identified in the 

peripheral blood of C. gariepinus: 

lymphocytes, neutrophils, eosinophils, and 

monocytes (Figures 1, 2, 3, 4, and 5). 

There were no statistically significant 

(p<0.05) in the values of neutrophils, 

lymphocytes, and monocytes.  
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Table 1.   

Red Blood Parameters Profile of C. gariepinus exposed to handling transportation and market stressors 

 

Parameters  Initial stage 

GroupA 

landing site 

Group B 

3 hours after 

landing 

Group C 

6 hours after 

landing 

Group D 

9 hours after 

landing 

Group E 

Hgb (g/dL) 14.87±0.81 a 13.33±0.38 ab 12.23±0.79 b 11.33±0.69 bc 10.13±0.30 c 

RBC 

(×10^12) 

24.17±17.97 5.90±0.21 5.50±0.36 4.97±0.26 4.73±0.12 

Plat.(×10^9) 195.00±12.50 b 194.00±15.95 

b 

217.00±10.69 ab 230.00±8.14 ab 242.33±12.99 

a 

PVC (%) 44.67±2.40 a 40.00±1.15 ab 36.67±2.40 b 34.00±2.08 bc 30.33±0.88 c 

PCV: packed cell volume, Hgb: haemoglobin, RBC: red blood cell, Plat: Platelet 
Mean in same row with different superscripts are significantly different (p<0.05). 

 

 

 
 

Fig. 1. White blood cell of C. gariepinus exposed to handling transportation and market stressors 

 

 

 
Fig. 2: Lymphocyte of C. gariepinus exposed to handling transportation and market stressors 
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Fig. 3. Neutrophils of C. gariepinus exposed to handling transportation and market stressors 

 

 
Fig. 4: Eusynophils of C. gariepinus exposed to handling transportation and market stressors 

 
Fig.5: Monocyte of C. gariepinus exposed to handling transportation and market 

stressors 

 

 

The numbers of eosinophils were 

significantly (p <0.05) in all the groups.  

The mean values of white blood cells and 

neutrophils followed the same pattern, with  
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the non-stressed group having the lowest 

values compared to the stressed groups, 

while the mean value of lymphocytes 

decreased gradually from the non-stressed 

group to the stressed groups. From the 

present studies, the mean values of white 

blood cells and neutrophils in the non-

stressed population had the lowest values 

compared to the test population. This is in 

agreement with the report of [16] that 

changes in the composition of circulating 

white blood cells are more reliable 

indicators of chronic crowding stress. 

Stress or glucocorticoid treatment 

specifically causes increases in neutrophil 

numbers (neutrophil) and decreases in 

lymphocyte numbers (lymphopenia or 

lymphocytopenia) [17]. The non-stressed 

group had the highest mean values in terms 

of lymphocytes and then decreased 

gradually in test populations (Groups B–

E). Leucocyte profiles have recently been 

considered significant in assessing stress 

[18], and the reduction in the number of 

lymphocytes is generally considered a 

stress response [19]. The percentages of 

eosinophilis and monocytes in the contents 

of the white blood cells differed widely 

among the populations, with eosinophilis 

showing significantly lower values (p 

<0.05).  An absolute monocytes high can 

also be a response to stress, chronic 

infections or autoimmune disorders, while 

too much tension and anxiety can lead to 

higher eosinophilic inflammation. 

Eosinophils numbers decreased below the 

reference range, or eosinopenia, may occur 

as part of a stress response but is a fairly 

nonspecific response.  

The blood glucose values of C. gariepinus 

in this study is presented in Table 2. There 

were differences in the values blood 

glucose (p>0.05). The glucose values 

ranged from 24.3±52.71g/dL to 41.75±3.2 

g/dL with the lowest value recorded in the 

non-stressed group (Group A) and the 

highest value of 41.75±3.2 g/dL recorded 

in the stressed groups (Group E). 

VIJAYAN et al. [20] reported that 

increased or decreased glucose levels are 

considered a signs of stress. According to 

SEIBEL et al. [21] stress-induced change in 

muscle activity accelerate the conversion 

of glucose to lactate (or alternatively, to 

pyruvate) by anaerobic glycolysis. 

 
Table 2 

 Plasma Glucose Values of C. gariepinus exposed to handling transportation and market stressor 

 

Parameter Initial stage 

Group A 

landing site 

Group B 

3 hours after 

landing 

    Group C 

6 hours after 

landing 

       Group D 

9 hours after 

landing 

       Group E 

Glucose (g/dL) 24.3±52.71 32.00±3.85    36.91±3.91     38.32±0.37     41.75±3.22 
Mean in same row with different superscripts are significantly different (p<0.05) 

 

4. Conclusion 

 

The results obtained during the 

examination of the haematological profile 

of C. gariepinus after stress from 

transportation and handling in the market 

reveal that blood biochemical parameters 

in fish change with acute stress. As a 

result, proper training in handling fish 

during transportation and marketing is 

required because these activities cause 

stress responses in fish, which have an 

impact not only on the welfare of the 

animals but also on the quality of the fish 

products. 
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