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Abstract The effect of feeding fermented dried cassava
(gathot) on the performances and haematological profile of
broilers was investigated. There were four dietary treatments
arranged in a completely randomized design, i.e. control diet
and diets containing 25, 50 or 100 g/kg gathot. The birds were
provided with the treatment diets ad libitum from § to 35 days
of age. Body weight, feed intake and feed conversion ratio
(FCR) were determined weekly. At day 32, the birds were
blood sampled, sacrificed and immediately the internal organs
and abdominal fat were removed and weighed. Feeding gathot
at various levels did not affect (P > 0.05) the growth and FCR,
but tended (P =0.09) to reduce the feed cost per kilogramme
live weight gain of broilers. The dietary treatments did not
cause toxicological effect on broilers, indicated by the values
of alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) that were not different from those in the control
diet. Dietary inclusion of gathot lowered heterophils to lym-
phocytes ratio (H/L ratio) (P < 0.05) and albumin to globulin
ratio (A/G ratio) (P =0.14) of broilers as compared to the
control diet. Total triglyceride was lower (P < 0.05) in the
serum of broilers fed diets containing 5 and 10 % of gathot,
when compared with that in the control diet. The treatments
resulted in reduced abdominal fat deposition in broilers. In
conclusion, dietary inclusion of gathot at up to 10 % had no
negative impact on the growth performance of broilers.
Feeding gathot has potential to improve the health and phys-
iological stress responses as well as reduce body fat deposition
in broilers.
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Introduction

In the modern poultry industry, feed is considered the most
important factor and plays a major role in total production
cost. Due to competition between food, feed and agro-fuels,
the price of feed ingredients for broilers has increased steadily
in the past few years. For this reason, the use of unconven-
tional feed ingredients in broiler rations is a necessity.
Indonesia is one of the five biggest countries producing cas-
sava (Manihot esculenta Crantz) in the world. Due to its high
content of starch, cassava root meal can be a promising alter-
native to maize and other cereal grains. The utilization of
cassava root meal in broiler rations, however, is limited by,
e.g. the content of cyanogenetic glycosides compounds
(Chauynarong et al. 2009). Akapo et al. (2014) reported that
although inclusion of 10 % peeled cassava root meal in the
diet had some economic advantages, this practice might im-
pair the growth and health of broiler chickens due to reduced
protein content and the presence of cyanogenetic glycosides
residues leading to incidence of toxicity. Earlier study has
confirmed that fermentation could be a simple means to de-
toxify cyanogenetic glycosides in cassava roots (Kobawila
et al. 2005). Hence, there is a possibility to include cassava
root meal in broiler diet at a higher level after fermentation.
Gathot is a traditional fermented dried cassava that origi-
nated from East and Central Java, Indonesia. This cassava
product is characterized by the black colour of the inside and
outside part of the tuber as a result of the spontaneous fermen-
tation. Our previous study showed that the black colour in
gathot is ascribed by the filamentous fungi (Acremonium
charticola and Rhizopus oryzae) growing in the tuber during
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the fermentation process (Yudiarti and Sugiharto 2016).
Indeed, the fungi isolated from gathot exhibited probiotic po-
tential and antioxidant activity (Sugiharto et al. 2015, 2016).
Therefore, the use of gathot in broiler rations was expected not
only to substitute maize, but also to improve the health and
physiological condition of broiler chickens as feeding probi-
otic and antioxidant may improve the immune competences of
broilers (Sugiharto 2014). The aim of the present study was to
investigate the effect of feeding gathot on the performances
and haematological profile of broilers.

Materials and Methods

Gathot was prepared by spontaneous fermentation according
to Yudiarti and Sugiharto (2016). In brief, cassava root tubers
were peeled, washed thoroughly with fresh water and sun-
dried. The tubers were let to stand on the roof and exposed
to rainwater and sunshine for approximately 1 month, until the
tubers were grown by black fungus and give a patchy greyish
appearance in the exterior and interior of the tuber. Gathot was
then collected, milled and stored in a dry space until used.
Samples of gathot meal were pooled, and enumeration and
identification of fungi in gathot were then performed
(Yudiarti and Sugiharto 2016). Due to the need for rainwater,
the process of making gathot is done mostly on the rainy
season. The nutritional composition of gathot is presented in
Table 1.

Four treatment diets (one control, and three gathot meal 25,
50 and 100 g/kg) were formulated to equal levels of calculated
metabolizable energy (ME) and crude protein (CP) (Table 2),
at which gathot substituted maize in the control. The diets
were prepared to meet or exceed the minimum NRC (1994)
requirements for broilers.

A total of 200 Lohman (MB-202) day old chicks (body
weight =45.39 £3.28 g; mean + SD) purchased from a local
hatchery were placed in an open-sided naturally ventilated
broiler house. The house had concrete floor pens (with rice
husk as bedding material) and was equipped with a tray feeder
and manual drinker. Birds were provided with commercial
starter feed (CP 22 % and ME 2900 kcal/kg) for the first week

Table 1  Nutritional composition of gathot

Items (%, unless otherwise noted) Amount
Dry matter 86.8
Crude protein 1.95
Crude fat 1.51
Crude fibre 2.81
Ash 1.43
Metabolizable energy® (kcal/kg) 3569

#Value was obtained based on the formula according to Bolton (1967)
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Table 2  Composition of the experimental diets

Items Gathot
Control 25% 5% 10%
Ingredients (%)
Maize 57.0 53.5 49.0 410
Gathot 0.00 2.50 5.00 10.0
Rice bran 11.2 11.3 104 126
Soybean meal 7.00 9.30 9.00 12.1
Fish meal 9.70 10.0 9.80  8.00
Poultry meat meal 5.10 4.00 420 450
Pollard 9.00 8.40 11.6 108
Top mix* 1.00 1.00 1.00  1.00
Calculated composition (%, unless otherwise noted)
Metabolizable energy (kcal’kg) 2944 2947 2949 2954
Crude protein 20.1 20.4 203 204
Crude fibre 5.86 5.81 6.03 621
Crude fat 3.94 3.77 374 357
Ca 1.10 1.05 1.05 094
P 0.83 0.81 082 077
Analyzed composition (%, unless otherwise noted)
Metabolizable energy® (kcal/kg) 2915 2982 3000 2996
Dry matter 89.7 89.6 89.9 8938
Crude protein 16.5 17.4 17.8 179
Crude fibre 6.38 6.99 649 620
Crude fat 3.74 4.54 422 355
Ash 8.71 7.18 7.10  6.52

#Each kilogramme top mix contained vitamin A (1,200,000 IU), vitamin
Dj; (200,000 IU), vitamin E (800 IU), vitamin B1 (200 mg), vitamin B2
(500 mg), vitamin B6 (50 mg), vitamin B12 (1200 pg), vitamin K
(200 mg), vitamin C (2500 mg), Ca D-pantothenate (600 mg), niacin
(4000 mg), manganese (1200 mg), iron (2000 mg), iodine (20 mg), zinc
(10,000 mg), cobalt (20 mg), copper (400 mg), santoquin (1000 mg), zinc
bacitracin (21,000 mg), choline chloride (1000 mg), methionine (3000)
and lysine (3000 mg)

® Values were obtained based on the formula according to Bolton (1967)

of rearing. At 8 days of age, the birds were weighed, and 160
birds with uniform weight were randomly allotted into 4
groups of 40 chicks each and 5 replicates of 8 chicks. The
birds received treatment diets from 8 to 35 days of age in mash
form. Diets and water were provided ad libitum for the entire
period of the experiment. Body weight, feed intake and feed
conversion ratio (FCR) were determined weekly for each pen.
For evaluation of haematological profile, blood was obtained
from the birds’ wing veins and collected in EDTA-containing
vacutainers at day 32. The rest of the blood was collected in
vacutainers containing no anticoagulant and allowed to clot
for 2 h at room temperature. After centrifugation at 2000 rpm
for 15 min, the serum was obtained and stored at —20 °C until
serum biochemistry analysis. The same birds that were blood
sampled were sacrificed after being weighed and, immediately
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the internal organs and abdominal fat were removed and
weighed.

The numbers of erythrocytes and leukocytes were deter-
mined using the dilution flask method, and a Biirker chamber
was used to count corpuscles. The erythrocyte sedimentation
rate (ESR) was determined using the automated erythrocyte
sedimentation rate analyzer (Streck ESR-Auto Plus, Streck,
Omaha, NE). The differential leukocytes of chickens were
determined using a light microscope with an immersion lens.
Coverslip technique was applied when preparing blood
smears. Heterophils to lymphocytes ratio (H/L ratio) was cal-
culated by dividing the numbers of heterophils and lympho-
cytes. Total triglyceride in the serum was determined based on
enzymatic colorimetric method using glycerol-3-phosphate-
oxidase (GPO) (DiaSys Diagnostic System GmbH,
Holzheim, Germany). To determine the toxicology of liver
in chickens, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) enzymes were measured spectropho-
tometrically using a Reflotron system (Roche Diagnostics
Corporation, Indianapolis, IN, USA). A total serum protein
was estimated by photometric test according to the biuret
method using the kit (total protein kit, DiaSys Diagnostic
System GmbH, Holzheim, Germany) according to the manu-
facturer’s instructions. Albumin was determined by photomet-
ric test using bromocresol green (DiaSys Diagnostic System
GmbH, Holzheim, Germany). Globulin was obtained by
subtracting albumin values from total serum protein.
Albumin to globulin ratio (A/G ratio) was calculated by divid-
ing albumin values and globulin values.

The data were analyzed based on a completely randomized
design by ANOVA using the General Linear Models
Procedure in SAS (SAS Inst. Inc., Cary, NC, USA). Pen was
treated as the experimental unit and the results are presented as
least squares means (LSMEANS) and standard error of the
mean (SEM). Significant differences among treatment groups
were further analyzed with Duncan’s multiple-range test. A
significant level of P < 0.05 was applied.

Results

Total fungal counts in gathot were 3 x 10® colony forming
units (cfu)/g, and based on the macroscopic and microscopic
identification the fungi were A. charticola and R. oryzae. Data
of broiler performances are presented in Table 3. Inclusion of
gathot into broiler rations at various levels did not affect
(P>0.05) the growth and FCR, but tended (P =0.09) to re-
duce the feed cost per kilogramme live weight gain of broilers.
No morbidity and mortality were observed in chickens
throughout the study. The haematological and serum bio-
chemical parameters of broilers fed gathot are shown in
Table 4. Feeding gathot lowered (P < 0.05) the H/L ratio of
broilers as compared to the control diet. The rest of

haematological parameters did not differ (P> 0.05) among
the treatment diets. Total triglyceride was lower (P <0.05) in
the serum of broilers fed diets containing 5 and 10 % of
gathot, when compared with the control diet. There was no
significant difference with regard to AST, ALT, total protein,
albumin and globulin in the serum of broilers. Although sig-
nificant difference was not observed, the A/G ratio in serum
seemed to decrease (P=0.14) after feeding gathot to broiler
chickens. The data of giblets, liver, eviscerated carcass and
abdominal fat of broilers are presented in Table 5. No signif-
icant difference (P> 0.05) was found with respect to the ob-
served parameters. However, abdominal fat was numerically
lower in broilers fed gathot as compared to those fed the
control diet.

Discussion

In the present study, gathot was included in broiler rations to
partially substitute the expensive maize, given that gathot
contained ME comparable to maize (ME of maize
3283 kcal/kg and gathot 3569 kcal/kg). Results showed that
dietary inclusion of gathot at up to 10 % did not adversely
affect the final BW and FCR of broilers. Indeed, feeding
gathot tended to reduce the feed cost per kilogramme live
weight gain of broiler. This present finding was different
from that of reported by Akapo et al. (2014) when feeding
10 % peeled cassava root meal, resulting in reduced final
BW and increased feed-to-gain ratio of broilers. The increased
dietary crude fibre and HCN and the reduced CP contents with
increasing the levels of cassava root had been suggested to
predispose the cassava-fed birds to gain less weight as com-
pared to control (Akapo et al. 2014). This seemed, however,
not the case in our present study as we balanced the energy,
CP and fibre contents in our experimental diets. Indeed, the
fibre content of gathot was not our major concern when for-
mulating the broiler rations, as it is somewhat comparable to
that of maize (crude fibre of gathot 2.81 % and maize 2.55 %).
One thing that should be taken into account when using gathot
as substitute for maize is the CP content of gathot that is far
lower than that of maize (1.95 against 9.56 %). Note that
spontaneous fermentation (process of making gathot) could
not significantly increase the CP content of cassava root meal
(from 1.70 to 1.95 %). In this study, no differences in the
activities of AST and ALT were observed among the treatment
diets. The AST and ALT ranged between 234.22 to 257.12
and 20.22 to 21.95 U/L, respectively, which were in the nor-
mal range (Coles 2007). In accordance with AST and ALT, the
difference in liver weight (relative to live BW) was not ob-
served in the current study. These indicated that feeding gathot
did not induce toxicological effect (caused by HCN) on broiler
chickens. Taken together, our data further confirms that fer-
mentation is a good method to process the unconventional
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Table 3 Growth performance of

broilers fed gathot Items Gathot SEM P value
Control 25% 5% 10 %
Initial BW (g/bird)” 176 173 173 171 6.24 0.95
Final BW (g/bird) 1177 1175 1220 1126 33.0 0.29
BWG (g/bird)* 1000 1002 1047 956 28.8 0.21
FCR? 3.14 3.08 3.00 3.20 0.08 0.39
Feed cost per kg live BWG® 20,941 20,036 18,960 19,154 524 0.09

BW body weight, BWG body weight gain, F'CR feed conversion ratio

BW determined at day 8 of the experiment

®BW determined at day 35 of the experiment
“BWG was calculated as final BW minus initial BW
4FCR was calculated as the feed intake per unit gain (from day 8 to 35)

¢ Values are presented in IDR (Indonesian currency) as at the time of study, and was calculated by the cost of feed
consumed to attain a kilogramme live weight gain

feedstufts before being included into the diets of broilers. Just
for comparison, inclusion of 10 % unfermented peeled cassa-
va root meal in the diets posed a threat on growth and health

Table 4 Haematological and biochemical parameters of broilers fed
gathot

Items Gathot SEM P value

Control 2.5% 5% 10%

Haematological parameters (10°/L, unless otherwise noted)

Erythrocytes 242 237 231 246 009 0.74
(10"/L)

ESR (after 1 h, mm) 1.80 200 1.80 200 0.14 058
ESR (after 2 h, mm) 4.00 560 460 420 056 023
Leukocytes 973 128 117 113 209 074
Heterophils 346 430 328 308 074 0.60
Lymphocytes 584 761 763 736 122 0.68
Eosinophils 019 053 050 071 024 046
Basophils 0.03 ND ND ND

Monocytes 021 037 025 014 008 0.19
H/L ratio 0.63*  0.55® 042° 040° 0.06 0.03
Serum biochemical parameters (g/dL, unless otherwise noted)

AST, UL 257 248 248 234  7.69 025
ALT, U/L 202 219 219 204 150 0.73
Total triglyceride ~~ 0.07*  0.06*™ 0.03° 0.04* 0.01 0.02
Total protein 284 442 266 266 074 028
Albumin 086 076 076 068 0.06 025
Globulin 198 366 190 199 074 028
A/G ratio 043 031 040 034 004 0.14

Means on the same row with different letters (a, b, ¢) are significantly
(P <0.05) different

ESR erythrocyte sedimentation rate, AST aspartate aminotransferase, ALT
alanine aminotransferase, H/L ratio heterophils to lymphocytes ratio, A/G
ratio albumin to globulin ratio, ND not detected

@ Springer

status of broiler chickens (Akapo et al. 2014), but such threat
was not observed when 10 % gathot meal was included in
broiler diets in the current study.

In this study, feeding gathot was associated with the
lowered H/L ratio in chickens as compared to the control diet,
indicating that chickens less suffered from infections, inflam-
mation or stress (Davis et al. 2008; Sugiharto et al. 2014). In
accordance with Yudiarti and Sugiharto (2016), gathot used in
this study contained the filamentous fungi A. charticola and
R. oryzae. It was therefore reasonable to infer that the probi-
otic and antioxidant properties in A. charticola and R. oryzae
growing in gathot perhaps play important roles in alleviating
the infections, inflammation or stress (oxidative stress) in
chickens (Sugiharto 2014) during the present experiment, ir-
respective of other feed ingredients that may also exhibited
probiotic and antioxidant capacities to some extent.
Concomitant with the H/L ratio, the A/G ratio also tended to
be lower in the chickens fed gathot in the present study. Note
that lower A/G ratio may implicate in a better disease resis-
tance and immune response of chickens (Abdel-Fattah et al.
2008). Taken together, dietary inclusion of gathot is worthy to
improve the health and physiological stress responses of com-
mercial broiler chickens.

Table5 Giblets, liver, eviscerated carcass and abdominal fat of broilers
fed gathot

Items (% live BW)  Gathot SEM P value
Control 25% 5% 10%

Giblets® 5.59 509 543 509 020 022

Liver 2.24 223 258 219 014 021

Eviscerated carcass 56.2 51.5 50.3 523 199 021

Abdominal fat 1.87 1.32 136 139 031 049

* Giblets heart, gizzard and liver
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Result in the present study showed that feeding gathot de-
creased serum total triglyceride and abdominal fat content of
broilers. This finding was slightly different from that reported
by Bhuiyan and Iji (2015), in which inclusion of cassava pellet
or cassava chip in broiler diets at up to 50 % (with enzyme
supplementation) did not affect the abdominal fat weight of
broilers. It has been reported that dietary fibre was responsible
for the lowered serum triglyceride and abdominal fat content
of broilers (Rama Rao et al. 2005; Khempaka et al. 2014). In
this study, the crude fibre contents were balanced across the
experimental diets, and therefore the difference in the dietary
crude fibre content was not likely to influence the serum total
triglyceride and abdominal fat of broilers. In addition to the
dietary fibre, feeding probiotic microorganisms (Kalavathy
et al. 2003) and antioxidants (Fouad and El-Senousey 2014)
have been reported to reduce the accumulation of fat in broiler
chickens. With regard to the probiotic and antioxidant poten-
tials of the fungi living in gathot, we therefore considerably
suggested that feeding gathot may lower the serum triglycer-
ide and abdominal fat traits in broiler chickens.

It could be concluded from the present study that inclusion
of gathot into broiler diets at up to 10 % had no negative
impact on the growth performances of broilers. Feeding
gathot has potential to improve the health and physiological
stress responses as well as lower body fat deposition in broiler
chickens. Moreover, dietary inclusion of gathot reduced the
feed cost per kilogramme live weight gain and therefore
makes economic sense in broiler nutrition. Further broiler
study using a higher level of gathot in the diets is necessary.

Acknowledgments The study was fully funded by Diponegoro
University through Non-Tax State Revenue (PNBP) No.: SP DIPA -
042.01.2.400898/2016, 7 December 2015.

Compliance with ethical standards

Statement of animal rights All applicable international, national and/
or institutional guidelines for the care and use of animals were followed in
the present study.

Conflict of interest The authors declare that they have no competing
interests.

References

Abdel-Fattah, S.A., El-Sanhoury, M.H., El-Mednay, N.M. and Abdel-
Azeem, F., 2008. Thyroid activity, some blood constituents, organs
morphology and performance of broiler chicks fed supplemental
organic acids, International Journal of Poultry Science, 7, 215-22

Akapo, A.O., Oso, A.O., Bamgbose, A.M., Sanwo, K.A., Jegede, A.V.,
Sobayo, R.A., Idowu, O.M,, Fan, J., Li, I. And Olorunsola, R.A.,
2014. Effect of feeding cassava (Manihot esculenta Crantz) root
meal on growth performance, hydrocyanide intake and haematolog-
ical parameters of broiler chicks, Tropical Animal Health and
Production, 46, 1167-1172

Bhuiyan, M.M. and ji, P.A., 2015. Energy value of cassava products in
broiler chicken diets with or without enzyme supplementation,
Asian-Australasian Journal of Animal Sciences, 28, 1317-1326

Bolton, W., 1967. Poultry nutrition. MAFF Bulletin No.174, (HMSO,
London)

Chauynarong, N., Elangovan, A.V. and [ji, P.A., 2009. The potential of
cassava products in diets for poultry, World’s Poultry Science
Journal, 65, 23-35

Coles, B.H., 2007. Essentials of avian medicine and surgery, (Blackwell
Publication, Oxford)

Davis, A.K., Maney, D.L. and Maerz, J.C., 2008. The use of leukocyte
profiles to measure stress in vertebrates: a review for ecologists,
Functional Ecology, 22, 760-772

Fouad, A.M. and El-Senousey, H.K., 2014. Nutritional factors affecting
abdominal fat deposition in poultry: A review, Asian Australasian
Journal of Animal Science, 27, 1057-1068

Kalavathy, R., Abdullah, N., Jalaludin, S. and Ho, Y.W., 2003. Effects of
Lactobacillus cultures on growth performance, abdominal fat depo-
sition, serum lipids and weight of organs of broiler chickens, British
Poultry Science, 44, 139-144

Khempaka, S., Thongkratok, R., Okrathok, S. and Molee, W., 2014. An
evaluation of cassava pulp feedstuff fermented with A. oryzae, on
growth performance, nutrient digestibility and carcass quality of
broilers, Journal of Poultry Science, 51, 71-79

Kobawila, S.C., Louembe, D., Keleke, S., Hounhouigan, J. and Gamba
C., 2005. Reduction of the cyanide content during fermentation of
cassava roots and leaves to produce bikedi and ntoba mbodi, two
food products from Congo, African Journal of Biotechnology, 4,
689-696

NRC, 1994. Nutrient Requirement of Poultry, 9th edition, (National
Academic of Sciences, Nutritional Research Council, Washington
DC)

Rama Rao, S.V., Raju, M.V.L.N.,, Reddy, M.R. and Panda, A.K., 2005.
Utilization of graded levels of finger millet (Eleusine coracana) in
place of yellow maize in commercial broiler chicken diets, Asian-
Australasian Journal of Animal Sciences, 18, 80-84

Sugiharto, S., 2014. Role of nutraceuticals in gut health and growth per-
formance of poultry. Journal of the Saudi Society of Agricultural
Sciences. doi:10.1016/j.jssas.2014.06.001

Sugiharto, S., Hedemann, M.S. and Lauridsen, C., 2014. Plasma
metabolomic profiles and immune responses of piglets after
weaning and challenge with E. coli. Journal of Animal Science
and Biotechnology. 5:17

Sugiharto, S., Yudiarti, T. and Isroli, 1., 2015. Functional properties of
filamentous fungi isolated from the Indonesian fermented dried cas-
sava, with particular application on poultry, Mycobiology, 43, 415—
422

Sugiharto, S., Yudiarti, T. and Isroli, 1., 2016. Assay of antioxidant po-
tential of two filamentous fungi isolated from the Indonesian
fermented dried cassava, Antioxidants, 5, 6

Yudiarti, T. and Sugiharto, S., 2016. A novel filamentous fungus
Acremonium charticola isolated from gathot (an Indonesian
fermented dried cassava), International Food Research Journal, 23,
1351-1354

@ Springer



	Performances and haematological profile of broilers fed fermented dried cassava (Manihot esculenta Crantz)
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References


