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Abstract 

Purpose: To investigate the protective effect of yeast sludge (YS) and its components against 
ochratoxin A (OTA) in broiler chicks.  
Methods: Ochratoxin A (OTA) was produced through solid state fermentation, and quantified using high 
performance liquid chromatography (HPLC). A total of 1250 one-day old broiler chicks of Arbreaker 
breed were randomly assigned to five diet groups (A - E) replicated five times in such a way that each 
replicate had 50 chicks. The five diet groups were: A (normal poultry feed), B (200 µg/kg OTA), C (200 
µg/kg OTA plus 2 g/kg YS), D (200 µg/kg OTA plus 2 g/kg yeast sludge cell mass, YSCM), and E (200 
µg/kg OTA plus 2 g/kg yeast sludge cell wall (YSCW). The study lasted 35 days. Indices of liver and 
kidney functions were determined, as well as histopathological examination of samples of kidney, liver 
and bursa of Fabricius.  
Results: Supplementation of chicks diet with OTA at a dose of 200 ppb significantly reduced serum 
levels of total protein (TP), albumin, and creatinine, but significantly raised the activities of aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) (p < 0.05). However, inclusion of YS, 
YSCM, and YSCW in OTA-contaminated diet significantly reversed the effect of OTA on the indices of 
liver and kidney functions (p < 0.05). Yeast sludge and its components also significantly ameliorated 
OTA-induced histological changes in the liver, kidney and bursa of Fabricius. 
Conclusion: These results indicate that YS and it components improve hepatorenal function and 
histological changes induced by OTA.   
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INTRODUCTION 
 
Ochratoxin A (OTA) is a nephrotoxic mycotoxin 
produced predominantly by Aspergillus 
ochraceus in tropical regions, and by Penicillium 
verrucosum, in temperate regions. It is a fungal 

secondary metabolite present in agricultural 
produce [1]. Humans come in contact with OTA 
through consumption of contaminated foods [2]. 
The toxicological effects of OTA are manifested 
in form of acute and chronic nephrotoxicity, 
which lead to kidney lesions [3]. Ochratoxin A 
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(OTA) has also been linked to Balkan endemic 
nephropathy, a disease characterized by 
progressive kidney fibrosis which may lead to 
urinary tract tumours. OTA is considered as a 
possible human carcinogen (group 2B) [5].  
 
Studies have shown that OTA is an occupational 
hazard [6]. Some of the methods used to detoxify 
OTA involve physical, chemical, physiochemical 
and microbiological processes [7]. An effective 
approach for detoxification of mycotoxins is the 
use of functional foods which contain valuable 
microorganisms that can efficiently bind 
mycotoxins in the gastrointestinal tract (GIT), 
thereby minimizing their toxic effects through   
reduction in the amount that is absorbed into the 
systemic circulation [8].  
 
Yeast sludge (YS) refers to leftover yeast at the 
bottom of the bioreactor during the fermentation 
of sugars. It is also known as spent yeast or trub. 
It is a waste product in the distillery industry, and 
it is very hard to manage and dispose. 
 
The three commonly used species of yeast in 
distillery industries are Saccharomyces 
cerevisiae, Candida guilliermondii and Candida 
parapsilosis [9]. Glucomannan, which is present 
in cell wall of yeast is usually added to food 
products to adsorb mycotoxins. It has become 
necessary to develop effective measures for 
reducing the level of OTA in feedstuffs because 
of its high level of toxicity. The present study 
investigated the protective effect of YS and its 
components in broiler chicks exposed to OTA. 
 
EXPERIMENTAL 
 
Production and determination of OTA 
 
Identified toxigenic strain culture of Aspergillus 
ochraceus (CECT 2948) was purchased from 
Culture Collection Centre, University De 
Valencia, Spain. Solid state fermentation method 
of Zahoor et al was used for OTA production with 
slight modifications [10]. Wheat grains (20 g) 
soaked in 20 mL of distilled water was 
autoclaved at 121 °C for 15 min at a pressure of 
15 P/In2. Autoclaved distilled water (20 mL) was 
added, along with 1 mL of inoculum. The flask 
was shaken once daily to avoid clumping. It was 
then placed in an incubator at 28 °C in the dark 
for 21 days. Ochratoxin A (OTA) was thereafter 
isolated using the method of Bayman et al [11]. A 
100-mL mixture of acetonitrile: water (86:14, v/v) 
was added to the flask and placed on an orbital 
shaker for 35 min at 100 rpm. The resultant 
solution was filtered, and the filtrate was 
concentrated by evaporation on a water bath at 
60 °C. The concentrate was reconstituted in 1 

mL of methanol. The purified extract was 
quantified using HPLC (Agilent 1100 system) 
with a purifying column of mycosep 229 ochre, 
and mobile phase of acetonitrile: water: acetic 
acid (99:99:2). 
 
Isolation of YSCM and YSCW 
 
Yeast sludge (YS) was obtained from Shukkar 
Ganj Sugar Mill, Jhang, Pakistan. It was 
transferred to a sterilized container, mixed 
thoroughly with sterilized distilled water, and 
refrigerated for stratification to occur. The top 
and bottom layers were discarded, while the 
middle layer was washed with phosphoric acid, 
pH 2 to kill bacteria. It was then centrifuged at 
5000 rpm for 10 min to obtain a residue which 
was subsequently oven-dried at 71 oC. 
Sonication of YSCM was performed using a 
homogenizer operated at 40 kHz. Disruption of 
YS was carried out at 4 °C, and consisted of four 
cycles of sonication for 5 min and 2 min break. 
The resultant mixture was centrifuged at 1,500 g 
for 10 min to separate the cell walls of YSCs [12]. 
 
Animal studies  
 
Animal studies were conducted after approval by 
the Animal Ethics Committee, University of 
Veterinary and Animal Sciences, Lahore 
(approval no. Dr/268). The procedures used for 
the study were based on the guidelines of 
National Research Council Committee [13]. A 
total of 1250 1-day old broiler chicks of Arbreaker 
breed were randomly assigned to five diet groups 
(A - E) replicated five times in such a way that 
each replicate had 50 chicks. the basal ration of 
chicks was assayed for the presence of OTA and 
other mycotoxins before the start of the study. 
The five diets formulated were: A (normal poultry 
feed), B (200 µg/kg OTA), C (200 µg/kg OTA 
plus 2 g/kg YS), D (200 µg/kg OTA plus 2 g/kg 
YSCM), and E (200 µg/kg OTA plus 2 g/kg 
YSCW). The study lasted for 35 days, and was 
conducted using completely randomized design 
(CRD). 
 
Biochemical analysis 
 
Blood (2 mL) was collected from the brachial vein 
of chicks. The blood was centrifuged at 3000 rpm 
to obtain serum which was refrigerated at -20 °C. 
Serum levels of TP, albumin, and creatinine, and 
activities of ALT and AST were determined using 
their respective kits. 
 
Histological examination 
 
At the end of 35 days, the chicks were 
euthanized, and the kidney, liver and bursa of 
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Fabricius were excised and subjected to 
histopathological examination. The organs were 
fixed in 10 % neutral-buffered formalin for 72 h. 
 
The specimens were then treated with graded 
series of alcohol and washed with three changes 
of xylene before being embedded in paraffin. 
Serial sections (each 3 - 5 μm thick) were sliced 
and stained with hematoxylin and eosin (H & E) 
according to standard method and observed 
under light microscope using an image analyser 
(Image Proplus 3.0) [14]. 
  
Statistical analysis 
 
Data are expressed as mean ± SEM. Statistical 
analysis was performed using SPSS (version 
20.0). Groups were compared using Student t-
test. Values of p < 0.05 were considered 
statistically significant. 
 
RESULTS 
 
Effect of OTA on liver and kidney functions 
 
Supplementation of the diet of chicks diet with 
OTA at 200 ppb significantly reduced serum 
levels of TP, albumin and creatinine, but 
significantly elevated the activities of ALT and 
AST (p < 0.05). However, the inclusion of YS, 
YSCM and YSCW in OTA-contaminated diet 
significantly reversed the effect of OTA on these 
biochemical parameters (p < 0.05; Table 1). 
 
Effect of OTA on histology of the kidney        
 
The results of histological examination showed 
that the kidneys of chicks in control group 
exhibited normal renal architecture and did not 
show any significant histopathological changes. 
On the other hand, kidney sections of chicks fed 
diet contaminated with 200 ppb OTA (group B) 
were characterized by histological changes such 
as cytoplasmic swelling, degeneration of 
epithelial cells of proximal convoluted tubules 
(PCT), mononuclear leucocytes infiltration, and 
focal renal hemorrhage. However, histological 
examination of kidneys of chicks in group C 

(group fed OTA contaminated diet supplemented 
with YS) revealed significant improvement in 
OTA-induced histological changes, but with a few 
cellular degeneration in some areas. Histological 
examination of kidneys of chicks in groups D and 
E revealed marked improvement in proximal 
convoluted tubules that were damaged by OTA. 
These results are shown in Figure 1. 
 

 
 
Figure 1:  Histological features of kidneys of chicks (H 
& E, × 100). A: Kidney of control chicks showing 
normal glomerulus and tubules; B: Kidney section of 
chicks fed OTA contaminated diet showing necrotic 
changes with indistinguishable glomerulus and renal 
tubules (thick arrows); C:  Kidney of OTA and YS-
exposed chicks showing recovery of parenchyma of 
kidney; D: Kidney section of chicks given OTA-
contaminated diet supplemented with YSCM, showing 
recovery of parenchyma of kidney; and E: Kidney 
section of chicks fed OTA-contaminated diet 
supplemented with YSCW, showing normal renal 
architecture 
 
Effect of OTA on histology of the liver   
 
Liver section of control group chicks revealed 
normal architecture. However, liver sections of 
chicks fed OTA-contaminated diet (Group B) 
showed adverse histological changes such as 
necrosis of epithelial cell lining the bile duct, 
thickened epithelial walls, hepatic haemorrhage, 
aggregation of focal mononuclear cells and portal 
infiltration of neutrophils. However, liver sections 
from chicks in group C showed significant 
improvements in histological changes induced by 
OTA. 

 
Table 1: Effect of OTA, YS, YSCM and YSCW supplementations on levels and activities of selected biochemical 
parameters in the chicks 
 
Group TP (g/dL) Albumin 

(g/dL) 
ALT 

(IU/dL) 
AST 

(IU/dL) 
 Creatinine  

(g/dL) 

A (normal Feed) 3.02 ± 0.19  1.74 ± 0.15  7.10 ± 0.74  159.00 ± 1.58   0.92 ± 0.19  
B (normal feed + OTA) 2.88 ± 0.327a 1.00 ± 0.16 a 42.00 ± 2.23 a

 401.60 ± 2.07 a 1.24± 0.16 a 
C (normal feed + OTA+ yeast sludge) 3.64 ± 0.33b   1.50 ± 0.21 b 32.60 ± 1.81b 373.00 ± 10.59 b 0.78 ± 0.08 b 
D (normal feed + OTA+ YSCM) 2.94 ± 0.18b   0.94 ± 0.10 b 24.80 ± 1.48 b 280.20 ± 3.56 b 1.18 ± 0.16 b  
 E (normal feed + OTA+YSCW) 3.78 ± 0.59 b  1.20 ± 0.19 b 25.70 ± 1.56 b 271.00 ± 4.63 b 1.12± 0.26 b  
ap < 0.05, when compared with control group (group A); bp < 0.05, when compared with group B 
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Histopathological examination of liver sections 
from group D chicks showed portal infiltration, 
but there was no mononuclear cell infiltration. 
Liver section from chicks in group E revealed 
almost normal architecture. These results are 
shown in Figure 2. 
 

 
 
Figure 2:  Histological features of liver of chicks 
(H&E, ×100). A: Liver section of control chicks 
showing normal hepatic cords radiating from the 
central vein; B: Liver section of chicks in group B 
showing cellular necrosis (thick arrow) and increased 
sinusoidal spaces (thin arrow); C: Liver section of 
group C chicks showing significant recovery of liver 
parenchyma; D: Liver section of chicks in group D 
showing near-normal architecture; and E: Liver section 
of chicks in group E showing normal architecture 
 
Effect of OTA on histology of bursa of 
Fabricius 
 
Histopathological examination of sections of 
bursa of Fabricius in the control group chicks 
revealed normal architecture. However, sections 
of bursa of Fabricius from chicks in group B 
showed adverse histological changes such as 
follicular atrophy, epithelial sloughing from some 
area, and association of epithelium with thin 
cortical layer. On the other hand, 
supplementation with YS significantly reversed 
the OTA-induced histological alterations. No 
histopathological changes were observed in 
sections of bursa of Fabricius from chicks in 
groups D and E (Figure 3). 
 
DISCUSSION 
 
The liver and kidney are vital organs involved in 
metabolism, detoxication, secretion and 
excretion of various endogenous and exogenous 
substances. The kidneys are responsible for the 
elimination of unmodified drugs and metabolites. 
Sever liver disease frequently cause alteration in 
kidney structure and function. Sever 
abnormalities in liver function causes sodium 
retention, followed by ascites, linked to profound 

disturbances of hemodynamics which in turn may 
disturb renal function. 
 

 
 
Figure 3:  Histological features of bursa of 
Fabricius of chicks (H&E, ×100). A: Section of bursa 
of Fabricius of control group chicks showing normal 
bursal follicles; B: section of bursa of Fabricius from 
group B chicks showing  cellular necrosis and 
sloughing of mucosal membrane; C: section of bursa 
of Fabricius from group C showing significant 
improvement in histological changes induced by OTA; 
D:  section of bursa of Fabricius from group D chicks 
showing significant improvement in histological 
changes induced by OTA; and E: section of bursa of 
Fabricius from group E chicks showing normal 
architecture 
 
Ochratoxin A (OTA), a fungal secondary 
metabolite, is a nephrotoxic mycotoxin present in 
agricultural produce [1]. Glucomannan, which is 
present in cell wall of yeast is usually added to 
food products to adsorb mycotoxins. The present 
study investigated the protective effect of YS and 
its components in broiler chicks exposed to OTA.   
 
The observed toxic effects of OTA on indices of 
liver and kidney functions in this study are in 
agreement with those reported in previous 
studies.  Similar alterations in serum levels of TP, 
albumin and creatinine, and changes in activities 
of ALT and AST were reported in broiler chicks 
fed with OTA-contaminated diet at doses of 130 - 
790 ppb or 567 ppb [15], and 0.5 – 4 mg/kg bwt 
feed [10]. It has been suggested that the OTA-
induced reduction in serum level of TP may be 
due partly to decreased albumin level, or 
pathological alteration in liver synthetic capacity 
[10].  At a level of 200 µg/kg bwt, OTA 
significantly reduced serum TP and albumin.  It 
has been reported that supplementation of feed 
with OTA at doses of 50 and 100 ppb 
significantly altered the levels and activities of 
key liver enzymes [16]. Changes in serum 
proteins levels reflect the state of liver function, 
and are sensitive indicators of ochratoxicosis. It 
is likely that OTA is an inhibitor of hepatic protein 
synthesis. 
 
Increases in the levels of TP and albumin after 
the addition of YS have also been reported in 
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previous studies [17,18]. These results suggest 
the presence of high quality proteins in YS. 
 
The changes in indices of liver function suggest 
liver cell damage and increased permeability of 
plasma membrane. The increased activities of 
AST and ALT observed in this study are in 
agreement with results of previous studies [19]. 
Serum AST and ALT activities are important 
physiological indices of liver function. Increased 
activities of AST and ALT reflect impaired amino 
acid metabolism, a condition that results from 
liver stress, which in turn leads to liver cell 
damage and dysfunction. 
 
In this study, the level of creatinine was 
significantly elevated in chicks fed OTA-
contaminated feed, an indication of 
nephrotoxicity [15]. In a previous study, chicks 
fed OTA-contaminated feed at levels of 1 to 5 
ppm had significant increases in serum levels of 
uric acid, creatinine, urea and non-protein 
nitrogen, relative to the control birds [20]. 
 
In this study, the OTA-induced vacuolar 
degeneration observed in the kidneys of chicks is 
in agreement with the report of Milicevic et al 
[21]. It has been reported that OTA induces 
degenerative changes such as swelling, and 
vacuolar and lipophilic degeneration in tubular 
epithelial cells. In the present study, 
histopathological alterations in the kidney were 
mainly observed in proximal convoluted tubules 
in the form of cloudy swelling, cytoplasmic 
degeneration, and pyknosis of proximal 
convoluted tubule cell nuclei. However, 
supplementation with YS significantly reversed 
the OTA-induced histological changes.  
 
Vacuolation of hepatic cells, perivascular 
mononuclear cell infiltration, bile duct 
hyperplasia, and swollen and necrotic 
hepatocytes were the hallmarks of the effect of 
OTA on the liver. The presence of OTA in the 
diet of the chicks caused severe degenerative 
histological changes in the bursa of Fabricius, 
but YS and YSCM significantly ameliorated the 
histological alterations induced by OTA. 
However, the results from histological 
examination of the bursa of Fabricius of broilers 
fed diet contaminated with OTA and 
supplemented with YSCW did not reveal any 
major histopathological changes. Degenerative 
alterations such as atrophy and reduction of 
lymphocytes in lymphoid follicles were the main 
histological changes in bursa of Fabricius of 
chicks exposed to OTA [19]. These results 
suggest that YS and its components may have 
ameliorative effect on OTA-induced histological 

changes in kidney, liver and bursa of Fabricius of 
rats. 
 
CONCLUSION 
 
The results obtained in this study indicate that 
YS and its derivatives improve hepatorenal 
function and histological changes induced by 
OTA. However, further investigations are 
required to determine its effect in humans. 
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