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Abstract: A 28 days study was carried out to investigate the effects of red sorghum (RS) and white sorghum
(WS) based diets, with or without tannase supplementation on the haematological, serum biochemical indices
and lipid profile of finisher broiler chickens. Two hundred and forty (240) 4 weeks old Arbor Acre broiler
chicks were allotted to eight (8) dietary treatments, which consisted of 30 birds, having 3 replicates of 10 birds
each. Diets were formulated to replace maize with red and white sorghum at 4 levels (0%, 100%RS, 100%WS
and 50%RS:50%WS), with or without tannase enzyme to have a 4x2 factorial arrangement in a completely
randomized design. On 28th day, blood was collected for determination of haematological, serum biochemical
and lipid profile. Birds fed 100% RS diet and those fed SORS: S0WS had the highest (P<0.05) white blood
cell count (WBC), while the least WBC value was recorded for birds fed maize-based diet. Haematological
indices were not significantly (P>0.05) influenced by the interaction between the sorghum type and tannase
supplementation. Birds fed the maize-based diet without tannase had the highest (P<0.05) level of albumin
(4.87g/dl), while birds fed 100%WS diet without tannase had the lowest value (3.33g/dl). The lipid profile of
boiler chickens was not significantly (P>0.05) influenced by sorghum type, tannase supplementation and their
interaction. It was concluded from the study that RS and WS, with or without tannase supplementation, can
totally replace maize in the diet of finisher broilers without detrimental effect on the haematological, serum-
biochemical indices and lipid profile.
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INTRODUCTION

The poultry industry is presently being faced
with the challenge of high feed cost due to high
cost of maize, which constitutes about 60-70%
component of poultry feed (Thirumalaisamy et
al., 2016). There is need to source for alterna-
tive energy feedstuffs that may replace maize to
reduce over dependence on maize to supply the
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energy requirement of poultry, especially broiler
chickens (Fasuyi, 2010). Such alternative energy
feedstuff is sorghum. The utilization of sorghum
for food, feed, forage, silage and fuel mostly in
the semi-arid tropics of Asia, Africa, America
and Australia (Reddy et al., 2010) is partly due to
its ability to grow in areas where maize may not
grow and has helped in reducing food and live-
stock feed shortage (Legodimo and Madibela,
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2013). The presence of anti-nutritional factors,
such as high tannin and phytates in sorghum, is
a major constraint in the utilization of sorghum
by poultry (Manyelo et al., 2019). This can be re-
duced or eliminated by fermentation, grinding,
use of activated charcoal, alkali, microbial phy-
tase, which may hydrolyse phytate and improve
phosphorus absorption and use of tannase (Okot
and Muyjabi, 2001). Tannase, as an inducible en-
zyme, can be used in the preparation of animal
feed to catalyse the hydrolysis of hydrolysable
tannins, such as tannic acid releasing glucose
and gallic acid (Govindarajan et al., 2016). This
study was conducted to determine the haemato-
logical, serum biochemical indices and lipid pro-
file of finisher broiler chickens fed red and white
sorghum-based diet supplemented, with or with-
out tannase.

MATERIALS AND METHODS

Preparation of test ingredients

The red and white sorghum were sourced from
the open market, while maize was sourced from
a reputable feed mill. The red sorghum and white
sorghum were crushed using the mechanical
crusher and enriched with tannase enzyme dur-
ing the formulation of the diets. Tannase enzymes
were prepared at the Animal Nutrition Laborato-
ry, Federal University of Agriculture Abeokuta,
by obtaining cultured fungal spores (Aspergillus
spp.) from microbiology laboratory. The fungal
spores were screened and the best clear zone pro-
ducing isolates were selected for tannase produc-
tion, using methods described by Abou-Bakr et
al. (2013). Isolates were separated, then optimiza-
tion study was done for temperature, pH, incuba-
tion period for maximum enzyme production and
activity (Yao et al., 2014).

Experimental animals, diets and design

A total of 240 four weeks old unsexed Arbor
Acre broiler chicks were randomly allotted into 8
dietary treatments of 30 birds, and each treatment
replicated 3 times with 10 birds each in a 4x2 fac-
torial arrangement of four replacement levels of

maize (0, 100RS, 100%WS and 50%RS:50%WS),
and two levels of tannase enzyme supplementa-
tion (with or without), using completely random-
ized design. Eight experimental diets were for-
mulated for the finisher broilers (28-56 days) as
is shown in Tables 1, where maize was replaced
with red sorghum (RS), white sorghum (WS) at
0% (diet 1), 100% RS (Diet 2), 100% WS (diet
3), and 50RS: 50WS% (diet 4). Diets 1, 2, 3 and
4 were without tannase, while diets 5, 6, 7 and 8
had the same composition as diets 1, 2, 3 and 4,
but supplemented with tannase enzyme at 0.5g/
kg feed. The birds were offered the formulated
diets and clean water ad libitum for 28 days.

Data collection

Blood samples were obtained via the wing
vein puncture (Kelly and Alworth, 2013) from 2
birds per replicate, at the end of the 56th day into
well labeled bottles containing ethylene diamine
tetra acetate (EDTA) as anti-coagulant for deter-
mining the haematological indices (red blood cell
(RBC), Haemoglobin (Hb), packed cell volume
(PCV) and white blood cell (WBC)). Another set
of blood samples were collected into plain empty
bottles for serum bio-chemical analysis of glu-
cose, albumin, globulin, total protein (TP), ala-
nine amino-transferase (ALT), aspartate amino
transferase (AST) and lipid profile (cholesterol,
triglyceride, high density lipoprotein (HDL), and
very low-density lipoprotein (VLDL).

RBC, PCV and WBC count of the blood sam-
ples were determined in wintrobe haematocrit
tube according to the method of Schalm et al.
(1975). Haemoglobin concentration was estimat-
ed using the cyanmethaemoglobin method (Can-
non, 1958).

Statistical analysis

Data obtained were subjected to two-way
analysis of variance in a 4 x 2 factorial arrange-
ment, using Minitab statistical package (Minitab,
2017), to determine the main effect of maize re-
placement levels with sorghum, tannase enzyme
supplementation and interactive effect of maize
replacement levels with sorghum and tannase en-
zyme supplementation. The significant (p<0.05)
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Table 1. Composition of experimental broiler finisher diets (5-8weeks)

Without Tannase enzyme

With Tannase enzyme

Ingredients Dietl Diet2  Diet3 Diet 4 Diet5 Diet6  Diet7  Diet8
Maize 57.00 - - - 57.00 - - -

Red sorghum - 57.00 - 28.50 - 57.00 - 28.50
White sorghum - - 57.00 28.50 - - 57.00 28.50
Fish meal 200 200 200 200 200 200 200 200
Soyabean meal 300 3100 3100 31.00 300 3100 3100 31.00
Palm oil 200 200 200 200 200 200 200 200
Wheat offal 340 340 340 340 340 340 340 340
Limestone 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Bonemeal 200 200 200 200 200 200 200 200
Lysine 05 015 015 015 005 015 015 015
Methionine 020 020 020 020 020 020 020 020
Premix 025 025 025 025 025 025 025 025
Salt 025 025 025 025 025 025 025 025
Toxin binder 010 010 010 0.0 0.0 010 010 010
Tannase - - - - + + + +
Total 100.00  100.00  100.00  100.00 100.00  100.00  100.00  100.00
Calculated nutrient values

lllgtabdisable Energy (keal/ 5935 50 2873.81 2816.80 284531 293650 2873.81 2816.80 284531
Crude Protein (%) 264 2221 2181 2201 264 2221 2181 2201
Crude Fat (%) 365 297 308 303 365 297 308 303
Crude Fibre (%) 324 313 321 319 324 313 321 319
Calcium (%) 1.16 1.15 118 117 1.16 1.15 118 1.17

lkg of broiler premix contains: Vitamin A 10,000,000 1U; Vitamin E 20,000 1U; Vitamin K 2,250mg, Thiamine
1750mg; Riboflavin 5000mg,; Pyridoxine 2,750mg; Niacin 27,500mg; Vitamin B12 15mg; Pantothenic acid 7500mg;
Biotin 50mg; Choline chloride 400g, Antioxidant 125g; Magnesium 80g, Zinc 50mg; Iron 20g; Copper 5g; lodine
1.2g; Selenium 200mg; Cobalt 200mg.

difference among means were separated by

Tukey’s test procedure of the same package.

The experimental model is:

Y, e+ S+ T+ (ST, +¥

ijk

Y, = observed value of dependent variable
u= population mean (overall mean)
Si= Effect of main energy sources (Maize, RS,

WS and RS+WS)

T, = Effect of tannase supplementation (with-
out or with)

(ST)ij = Interaction effects of sorghum and tan-
nase supplementation

2. = Random residual error

RESULTS

Table 2 shows the effect of sorghum type with
or without tannase supplementation on haema-



JKusomnoswonu nayxu, 2024, 61 (5)

Bulgarian Journal of Animal Husbandry, 2024, 61 (5)

tological parameters of finisher broiler chickens.
The WBC were significantly (P<0.05) influenced
by sorghum type and tannase supplementation.
However, the haematological parameters mea-
sured were not significantly (P>0.05) affected by
the interaction of the sorghum type and tannase
supplementation. Birds fed 100% RS diet and
those fed S0RS:50WS had the highest (P<0.05)
WBC count and the least value (11.83x10°*) was
obtained for broilers fed diet without 0% sor-
ghum, while it was intermediate for broilers fed
100% WS diet. Broilers fed diets without tannase
supplementation had higher value (13.23x10°%),
compared to a lower value of 12.49x10”* record-
ed for birds fed tannase supplemented diets.

Serum biochemical indices of broiler chickens
is shown in Table 3. Only albumin level was sig-
nificantly (P<0.05) influenced by the main effect
of sorghum type, tannase supplementation and
interaction of sorghum type and tannase supple-
mentation, while other parameters were not sig-
nificantly (P>0.05) affected. The interactive ef-
fect shows that higher (P<0.05) level of albumin
(4.87g/dl) was obtained in birds fed the control
diet (100% maize) without tannase, compared
to other treatments. The main effect of sorghum
type reveals that broilers fed diet with 0% sor-
ghum had the highest (P<0.05) albumin (4.25g/
dl) and birds fed 100% WS diet had the lowest
albumin (3.62 g/dl), while those fed 100% RS and

Table 2. Effect of sorghum type with or without tannase supplementation on haematological parameters of

finisher broiler chickens

Sorghum Level (%)
Tannase PCV (%) Hb (g/dl) RBC (x10'?1) WBC (x10°%)

Interaction effect
0 + Tannase 37.67 12.40 317 11.40
100RS + Tannase 36.67 12.10 3.03 13.40
100WS + Tannase 37.67 12.53 313 11.97
50RS: 50WS + Tannase 35.67 11.83 2.97 13.20
0 No Tannase 38.33 12.80 3.20 12.27
100RS No Tannase 3533 11.77 3.00 13.93
100WS No tannase 39.00 13.00 3.30 13.27
50RS: 50WS No Tannase 34.33 11.47 2.80 13.47
Pooled SEM 0.57 0.19 0.06 0.22
Main effect
0 - 38.00 12.60 3.18 11.83°
100RS - 36.00 11.93 3.02 13.67°
100WS - 38.33 12.77 3.72 12.62%
S0RS: 50WS - 35.00 11.65 2.88 13.332
SEM level 1.15 0.37 0.32 0.32

- + Tannase 36.92 12.22 3.08 12.49°

- No Tannase 36.75 12.26 3.08 13.232
SEM Tannase 0.81 0.26 0.08 0.22
Normal Range 23-55 7-18.6 1.3-4.5 11.40-13.93

®mean values in the same column having different superscripts are significantly (P<0.05) different.
SEM: Standard error of mean, PCV: Packed Cell Volume, Hb: Haemoglobin, RBC: Red Blood Cell, WBC: White Blood Cell.
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those fed 50%RS: 50%WS had intermediate al-
bumin content. There was no significant (P>0.05)
effect tannase supplementation on albumin con-
tent.

The main and interaction effects of sorghum
type and tannase supplementation as is shown in
Table 4 were not significant (P<0.05) for all the
lipid profile indices (Cholesterol, Triglycerides,
high density lipoprotein, low density lipoprotein
and very low density lipoprotein) measured in the
broiler chickens.

DISCUSSION

The haematological parameters show that the
main effect of sorghum type influenced WBC

concentration, which increased for broilers fed
100% RS diet and those fed 50%RS:50%WS diet.
However, the values obtained were within the
normal range of WBC (11.40x10”* - 13.93x107")
by Pollack et al. (2005), which indicated sorghum
can sufficiently replace maize in the diet of fin-
isher broilers without causing infection since the
values were within the normal range. The in-
creased WBC values, obtained in birds fed the
sorghum based diet, could be a reaction of the
birds to foreign body, which could probably be
tannin, there by having higher tendency of pro-
ducing more antigens. White blood cells are a
part of immune system that helps fight infection
and defend the body against other foreign materi-
als (Eldridge, 2022).

Table 3. Effects of sorghum type with or without tannase supplementation on serum biochemical indices of

finisher broiler chickens

Sorghum Level (4) Ip (g ALB(@ GLOB(g/ GLUC — AST ALT ALP
Interaction cffect dl) dl) mmol/) (IUL)  (IUL)  (IUL)
0 + Tannase 6.40 3.630 277 6550  133.67 2500  46.67
100RS + Tannase 6.53 373 2.83 7320 14300 2467 4833
100WS + Tannase 6.67 3900 277 7527 13733 2533 47.00
S0RS: S0WS + Tannase 6.30 4000 227 7420 14300 2567 3867
0 No Tannase  6.50 4.87° 1.63 7050 13300 2833  28.00
100RS No Tannase  6.43 3.930 2.50 8547 12933 2567 4233
100WS No Tannase  6.50 3330 3.00 5807 14300 2533 51.00
S0RS: S0WS No Tannase  6.02 3.800 1.90 8120 13800 2567  32.33
Pooled SEM 0.10 0.10 0.13 3.00 275 0.51 2.26
Main effect

0 - 6.45 425 220 68.00 13850 2667 3733
100RS - 6.50 3830 267 79.33 13617 2517 4533
100WS - 6.50 3.620 2.88 6667 14017 2533 49.00
S0RS: S0WS - 5.98 390 2.08 7770 13550 2517 3550
SEM level 0.19 0.1 0.23 597 6.12 1.09 383
; + Tannase 6.48 3.82 2.66 7204 13676 2517 4517
- No Tannase  6.25 3.98 2.6 73.81 13842 2225 3842
SEM Tannase 0.13 0.08 0.16 422 433 0.77 271

“ mean values in the same column having different superscripts are significantly (p<0.05) different.
SEM: Standard error of mean, TP: Total Protein, ALB: Albumin, GLOB: Globulin, GLUC: Glucose,
AST: Aspartate amino transferase, ALT:Alanine amino-transferase, ALP: Alkaline phosphatase
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Table 4. Effects of sorghum type with or without tannase supplementation on lipid profile of finisher broiler

chickens
Sorghum Level (%) Tannase CHOL TRIG HDL LDL) VLDL
Interaction effect (mg/dl) (mg/dl) (Mg/dl) Mg/dI) (mg/dl)
0 + Tannase 98.57 111.93 49.28 26.90 22.39
100RS + Tannase 102.10 108.27 51.05 29.40 21.65
100WS + Tannase 110.00 113.63 55.00 32.27 2273
50RS: 50WS + Tannase 101.33 106.27 50.67 29.41 21.25
0 No Tannase 107.57 103.70 5378 33.04 20.74
100RS No Tannase  95.07 118.47 47.53 23.84 23.69
100WS No Tannase  99.90 107.33 49.95 28.48 21.47
50RS: 50WS No Tannase 107.33 103.43 53.67 32.98 20.69
Pooled SEM 1.83 2.19 0.92 0.99 0.44
Main effect
0 - 103.07 107.82 51.33 29.97 21.56
100RS - 98.58 113.37 49.29 26.62 22.67
100WS - 104.95 110.48 5247 30.38 22.10
50RS: 50WS - 104.33 104.85 52.17 31.20 20.97
SEM level 3.69 4.65 1.84 1.85 0.93
+ Tannase 103.00 110.02 51.50 29.50 22.01
No Tannase 102.47 108.23 51.50 29.59 21.65
SEM Tannase 2.61 3.29 1.30 1.31 0.66

SEM: Standard error of mean, CHOL: Cholesterol, TRIG: Triglycerides, HDL: High density lipoprotein,

LDL: Low density lipoprotein, VLDL: Very low density lipoprotein

The serum biochemical indices of broilers in
this study show that only serum albumin con-
tent was significantly influenced by dietary treat-
ments, which indicates that for most of the pa-
rameters feeding of maize based diet, or sorghum
based diet, with or without tannase enzyme sup-
plementation, did not elicit any significant chang-
es, which suggests suitability of diets for the fin-
isher broilers. This is in agreement with the find-
ings of Lakurbe et al. (2018) and Esiegwu (2017)
that stated there were no significant differences
in serum biochemical indices (albumin, globu-
lin, total protein, glucose and uric acid) of broiler
chickens fed sorghum grain as a replacement for
maize in their diet, and the serum-biochemical
indices were not adversely affected by the diet.
The highest serum albumin content obtained in

birds fed the control diet, might be an indication
of availability of more protein to the birds than
those fed sorghum based diet. Sorghum has been
reported to contain Kafirin, phytates and other
phenolic compounds, which interferes with pro-
tein metabolism (Farahat et al., 2020). Howev-
er, the observed improved and normal range of
the serum albumin in this study (3.33-4.87g/dL),
which is higher than those reported by Wikivet
(2012) at a range of 3.28 to 3.48/dl, is an indica-
tion that normal protein level was sustained in
the blood of the birds across all the dietary treat-
ments.

Similarly, there was no significant changes in
the activities of the serum enzymes (AST, ALT
and ALP), this indicated that the sorghum based
diets did not cause hepatic toxicity in the chick-
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ens. An AST value greater than 800 IU/L is an
indication of severe hepatic disorder (Melillo,
2013). The non-significant effect of dietary treat-
ment on these liver enzymes suggests there is
no alteration in normal metabolism, which may
adversely affect the health status of the birds.
The non-significant effect of tannase supple-
mentation on the serum bio-chemical indices of
broiler chickens indicated the adequacy of nu-
trients in the diets of birds fed sorghum based
diets, with or without tannase. The non-signif-
icant main and interaction effects on the lipid
profile of broiler chickens fed sorghum based
diets supplemented, with or without tannase
suggests that replacement of maize with sor-
ghum in broiler diet had no negative effect on
lipid profile. This study agrees with the report
of Gidado et al. (2020), who reported that feed-
ing of sorghum based diets supplemented with
enzyme had no adverse effect on lipid profile of
broiler chickens.

CONCLUSION

From the result of the study, it can be conclud-
ed that maize can be replaced with 100% red or
white sorghum, with or without tannase supple-
mentation in the diet of finisher broiler chickens,
without adverse effects on the haematological, se-
rum biochemical indices and lipid profile.

Acknowledgement: Tertiary Education Trust
Fund (TETFund) is highly acknowledged for the
sponsorship of this study under FUNAAB TET-
Fund NRF 2019.

REFERENCES

Abou-Bakr, H. A., El- Sahn, M. A. & El- Bana, A. A.
(2013). Screening of Tannase producing fungi isolated
from tannin - rich source. International Journal of
Agricultural food Research, 2(3), 1- 12

Cannon, R. K. (1958). Biochemical effects of pesticides
on serum and urinological system of rats. Haemoglo-
bin Standard Science, 127, 1376 — 1378.

Eldridge, T. (2022). Types and functions of white blood
cells (WBCS). http/www.verywellhealth.com/under-
standing-white-blood-and-counts-2249217.

Esiegwu, A. C. (2017). Effect of Fermented Sorghum Seed
meal on the performance, Carcass Characteristics and
blood profile of broiler finisher Chickens. Nigerian
Journal of Animal Production, 44(3), 300-308.

Farahat, M., Bedani, M., Hussen, A. & Ahia, G. (2020).
Effect of replacing dietary corn by sorghum in the
growth performance, shank skin pigmentation, carcass
traits, caecal microflora and nutrient digestibility of
broiler chickens. International Journal of Poultry Sci-
ence, 19(9), 424 - 431.

Fasuyi, A. O. (2010). Effect of cellulose/glucannase/
xylanase (Roxazyme G2G) enzymes combination on
nutrients utilization of vegetable meal (4dmaranthus
Cruentus) fed as sole dietary protein source in rat as-
say. International Journal of Food Science and Tech-
nology, 45, 683 - 689.

Gidado, A. S., Oguntoye, M. A. & Akintunde, A. R.
(2020). Evaluation of maize - sorghum mixture based
diets supplemented with exogenous enzyme on growth
response, haematology and serum biochemical indices
of starter broiler chickens. Nigerian Journal of Animal
Production, 47(4), 158 - 166.

Govindarajan, R. K., Revathi, S., Rameshkumar, N.,
Krishnan, M. & Kayalvizhi, N. (2016). Microbial
tannase: Current perspectives and biotechnological
advances. Biocatalyst Agricultural Biotechnology, 6,
168-175

Kelly, L. & Alworth, L. (2013). Techniques for collect-
ing blood from the domestic chicken. Lab. Animal, 42,
359-361. https://doi.org/10.1038/laban.394.

Lakurbe, O. A., Doma, U. D., Bello, K. M. & Abuba-
kar, M. (2018). Haematological and serum biochemi-
cal indices of broiler chickens fed sorghum (SK -5912)
variety as replacement for maize. Nigerian Journal of
Animal Production, 45(3), 242-247.

Legodimo, M. D. & Madibela, O. R. (2013). Sorghum va-
riety affects nutritive attributes of malted grains. Bots.
Journal Agricultural Applied Science, 9(2), 104 — 108.

Manyelo, T. D., Ng’ambil, J. W., Norris, D. & Mabe-
lebele, M. (2019). Influence of low-tannin sorghum
on performance and bone marche morphometrics of
male Ross 308 broilers aged 1 - 42 days. South African
Journal of Animal Science, 49(3), 221-240.

Melillo, A. (2013). Applications of serum protein electro-
phoresis in exotic pet medicine. Veterinary Clinics of
North America Exotic Animal Practice, 16(1), 211-225.

Minitab (2017). Statistical Software. Minitab Inc., State
College, P.A.

Okot, M. W. & Mujabi, S. N. (2001). The response of
broiler chicks to dietary Serena sorghum. Uganda
Journal of Agricultural Science, 6, 13-18.



JKusomnoswonu nayxu, 2024, 61 (5)

Bulgarian Journal of Animal Husbandry, 2024, 61 (5)

Pollack, C., Carpenter, J. W. & Antenoff, N. (2005).
Birds. In: Carpenter J. (ed.), Exotic Animal Formulary,
3rd edition. St. Loius Mo: Elsevier Saunders.

Reddy, B. V. S., Ashok, K. A. & Sanjana, R. P. (2010).
Recent Advances in Sorghum Improvement Research
at ICRISAT: A Review article. Kasetsart Journal of
Natural Science, 44, 499-506.

Schalm, O. W., Jain, N. C. & Qureshi, M. Q. (1975).
Veterinary Haematology, 3 Edition, Lea and Figiger,
Philadephia.

Thirumalaisamy, G., Muralidharan, J., Senthilkumar,
S., Hema Sayee, R. & Priyadharsini, M. (2016).
Cost-effective feeding of poultry. International Jour-
nal of Science, Environment and Technology, 5(6),
3997 — 4005.

Wikivet (2012). Chicken Haematology. https://en.wikivet.
net/chickenhaematology. Accessed on May, 12, 2021.

Yao, J., Guob, G. S., Renb, G. H. & Linb, Y. H. (2014).
Production, characterization and applications of tannase.
Journal of molecular catalysis B: Enzymatic, 101, 137- 147.

Received: September, 09, 2024; Approved: September, 25, 2024; Published: October, 2024



