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A sample of 880 day-old broilers was used to investigate the efficacy of a mixed herbal extracts
product (MHEP) from Azadiracta indica, Eclipta alba, Medicago sativa, Eleuisine coracana,
Phyllanthus amarus and Solanum nigrum to protect against the fatty liver hemorrhagic syndrome
(FLHS) and its effect on growth performance. Animals were assigned to four groups and four
replicates with each consisting of 55 broilers that were fed the same starter diet until 10 days of age
(DOA). Subsequently, broilers randomly received one of the experimental diets: the control diet
with 3,100 kcal/kg metabolizable energy (ME) and 3,200 kcal’kg ME for the grower and finisher
periods, respectively; or a high energy diet with 3,200 kcal/’kg ME and 3,300 kcal/’kg ME (HE-diet);
and the HE-diet supplemented with 250 mg/kg MHEP (HE250) and 500 (HE500) mg/kg MHEP,
respectively. The growth performance and the histopathological lesion scores of liver tissue were
evaluated and blood was collected for measurement of serum triglyceride, lipid-peroxidation and
alanine-aminotransferase (ALT) activity. The results showed that feeding the HE-diet lowered
the feed intake in the grower period compared to the control group (1474.4 vs 1566.3 g/bird),
leading to a significant decrease in growth performances (1132.2 vs 1213.4 g/bird), but these
detrimental effects were not found in finisher period. Feeding with HE250 resulted in growth
improvement of broilers in both the grower and finisher periods, but HE500 did not show any
advantages. The liver lesion score and ALT activity were not significantly affected, whereas
a decrease in serum triglyceride (70.9 mg/dl vs 46.8 mg/dl) and an increase in TBA-MDA
adduct (2.56 vs 3.04 nmol/ml) resulted from the MHEP application. In conclusion, 250 mg/kg
MHEP supplementation improved the broiler growth performance, but no protective ability against
FLHS was evident.
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Introduction

Fatty liver hemorrhagic syndrome (FLHS) is a metabolic condition
occurring in poultry, mostly in caged layers, and causes significant
losses in production (Aydin, 2005). Shini (2014) reported that 74% of
total mortality in caged layers in Queensland, Australia resulted from
FLHS. This syndrome is characterized by the accumulation of excess
fat in the liver and hemorrhaging from a ruptured liver and sudden
death (Rozenboim et al., 2016). However, its etiology is not clear, but
a major factor is an excessive intake of dietary energy (Whitehead,
1979; Attia et al., 2009; 2018a). This problem is increasingly
causing broiler production losses resulting from the higher feed
intake combined with restricted activity (Dey et al., 2018). Several
strategies have been developed to alleviate this problem, including
dietary energy restriction (Hermier, 1997) and the administration of
feed additives including herbs and herbal extracts (Yan et al., 2011).
Recently, some potential herbs such as Azadirachta indica, Eclipta
Alba, Medicago sativa, Eleuisine coracana, Phyllanthus amarus and
Solanum nigrum, have been of interest for solving this problem due to
their effective properties, which can decrease fat accumulation in and
damage of liver tissue. Examples from the extensive reporting include:
hepato-protective and hypolipidemic activities of azadirachtin and
nimbolide from 4. indica (Baligar et al., 2014a,b; Chattopadhyay,
2003), coumestans from E. Alba (Tabassum and Agrawal, 2004),
saponin from M. sativa (Shi et al., 2014; Liang et al., 2015), phenolic
compounds from E. coracana (Pingle et al., 2011), lignans from
P. amarus (Ooi et al., 2015; Sethiya et al., 2015) and glycoalkaloids
from S. nigrum (Elhag et al., 2019). Therefore, a herbal product,
namely Himpro®, was developed as a feed additive based on the

extraction of these herbs and the current study was conducted to
evaluate the protective ability against FLHS of this product and its
effect on the productive performances of broilers.

Materials and Methods

A sample of 880 day-old male broilers (Ross 308) was used in
a completely randomized design. The chicks were divided into four
groups with four replicates each consisting of 55 chickens that were
fed the same diet for the starter period. Then. four experimental diets
were randomly assigned to the broilers in the grower and finisher
periods: diet 1 was the control diet with 3,100 kcal/kg metabolizable
energy (ME) and 3,200 kcal/kg ME for the grower and finisher periods,
respectively; diet 2 was a high energy diet with 3,200 kcal/kg ME and
3,300 kcal/kg ME (HE-diet); and the HE-diet supplemented with 250
mg/kg MHEP (HE250) for diet 3 and 500 (HE500) mg/kg MHEP
for diet 4, respectively. The control and HE diets were formulated
to meet the nutrients requirement for each period of growth of Ross
308 broilers recommended by Aviagen (2014). The feed ingredient
components and analytical chemical composition are shown in
Table 1. Animals were kept in pens in an evaporative cooling house
at an ambient temperature of 28-30°C from 14-40 days of age
(DOA) with feed and water being provided ad /libitum. Additionally,
all broilers were exposed to 23 hr of light for the first 7 days followed
by 16 hr of light to 14 day DOA and an increased day length to
23 hr thereafter. The body weight and feed intake of the broilers
were measured at 11 DOA, 24 DOA and 40 DOA to calculate growth
performance and feed efficiency in the grower and finisher periods,
as well as over the whole period of the experiment (11-40 DOA).

Table 1 Feed ingredients composition and chemical components of control and high energy diets for different stages of growth

Feed ingredient Starter Grower Finisher

Control High energy Control High energy
Corn 53.73 55.86 53.66 59.64 57.45
Soybean meal 34.68 29.05 29.39 20.12 20.46
Soybean oil 3.53 4.47 6.32 4.94 6.79
Dried Distillers Grains with Solubles 1.00 3.00 3.00 6.00 6.00
Corn gluten meal 2.00 3.00 3.00 5.00 5.00
Monodicalcium phosphate 2.025 1.792 1.795 1.578 1.580
Limestone 1.217 1.121 1.119 1.036 1.034
Sodium bicarbonate 0.240 0.232 0.227 0.265 0.260
Salt 0.202 0.196 0.200 0.155 0.159
Choline chloride 0.090 0.097 0.097 0.119 0.119
L-Lysine-HCl 0.296 0.293 0.298 0.378 0.373
DL-Methionine 0.310 0.249 0.251 0.199 0.201
L-Threonine 0.132 0.093 0.093 0.077 0.077
Pellex dry 0.300 0.300 0.300 0.300 0.300
*Cygrol% 0.050 0.050 0.050 - -
**Vitamin/mineral premix 0.200 0.200 0.200 0.200 0.200
Calculated nutrient component
ME (kcal/kg) 3,000 3,100 3,200 3,200 3,300
Analytical nutrients component (% dry matter basis)
Dry matter 86.81 87.48 87.31 86.98 87.18
Crude protein 25.83 24.02 23.66 22.71 22.18
Crude fat 6.35 7.73 9.49 8.65 10.46
Crude fiber 2.48 3.05 291 2.53 2.35
Calcium 1.07 0.99 0.94 0.86 0.86
Total phosphorus 0.88 0.85 0.86 0.76 0.76

* 1 kg Cygrol% contains Maduramicin ammonium 10 g; **Vitamin and mineral premix per kg diet: vitamin A 10,000 IU; cholecalciferol 3,000 IU; vitamin E 10
mg; vitamin K3 1.5 mg; vitamin B1 2.0 mg; vitamin B2 5 mg; vitamin B6 3 mg; vitamin B12 3 mg; nicotinic acid 12.5 mg; pantothenic acid 25 pg; biotin 10 ng;
folic acid 0.5 mg; Mn 60 mg; Zn 50 mg; Fe 40 mg; Cu 10 mg; I 2 mg; Co 2 mg; Se 0.1 mg.
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At 24 DOA and 40 DOA, three chickens from each replicate,
with body weights nearly the average for each experimental group,
were selected for liver tissue sampling to study the protective
ability against FLHS of MHEP. The histopathological lesion of the
liver samples was scored (0—4) according to Merat et al. (2010) with
moderate modification (Fig.1). Furthermore, blood was also collected
from the wing vein only at 40 DOA for measurement of serum triglyceride,
lipid peroxidation and alanine aminotransferase (ALT) activity.

(A) B) ©)

Fig. 1 Histopathological lesions of liver tissues: (A) normal liver; (B) fatty
infiltration initiating in portal area; (C) fatty infiltration present in portal
area and surroundings of central vein, with local hepatitis occuring; (D) fatty
infiltration in whole hepatic parenchyma, with focal hepatitis and partial
necrosis are present; (E) fatty inflitration and extensive hepatitis present in
whole hepatic parenchyma, with fibrosis also present.

The MHEP used in this study was a commercial herbal product,
namely Himpro®, composed of crude extracts from A. indica, E. Alba,
M. sativa, E. coracana, P. amarus and S. nigrum and distributed
by Eurotec Nutrition International Co., Ltd. The recommended dose
of MHERP is in the 250-500 mg/kg diet.

Chemical analysis

Feed samples were chemically analyzed according to Association
of Official Analytical Chemists (1990), while the serum triglyceride
concentration and ALT activity were measured using an IDEXX
VetTest® Chemistry Analyzer (IDEXX Laboratories, 2014). Lipid
peroxidation was measured using modified methods of thiobarbituric
acid reactive substances assays as described by Asakawa and
Matsushita (1980) and Uchiyama and Mihara (1978). Thiobarbituric
acid with malondialdehyde (TBA-MDA) adduct was detected using
fluorescence spectroscopy (PerkinElmer; Walham, MA, USA) with
excitation at 515 nm and emission at 553 nm.

Statistical analysis

All data were subjected to analysis by one-way analysis of variance
using PROC GLM and where significant differences were observed, means
were further subjected to Duncan’s new multiple range test (Free Statistic
Software, SAS® University Edition; Cary, NC, USA) The results were

considered as significant when p-values were less than 0.05 and highly
significant when p-values were less than 0.01.

Ethics statements

This study was approved by the Ethics Committee of Kasetsart
University, Bangkok, Thailand (Approval no. ACKU61-AGK-009)

Results and Discussion

Effects of mixed herbal extracts product on productive performances
of broilers

The HE-diet was fed to the broilers for induction of FLHS as well
as applying MHEP in the grower and finisher periods. The responses
of the broilers in the grower period indicated that feeding with the
HE-diet highly significantly lowered their feed intake, which led to
a significant decrease in the body weight gain (Table 2). Normally,
a broiler controls its feed intake based on its need for a normalized
energy intake (Leeson et al., 1996). Supplementation with 250 mg/
kg (HE250) improved the growth of broilers though this was not
significantly different to the control group, whereas the larger dose
(HE500) did not alleviate the negative effect on the feed intake and
body weight gain of the broilers. However, the HE-diet compensated
the growth performance in the finisher period, due to the higher dietary
fat content (Table 1). It is well known that dietary addition of fat
has a greater beneficial effect on growth performance than expected
based solely on its energy value (Sugahara, 2003; Attia and Hussan,
2017; Attia et al., 2018b). The greater efficiency of fat utilization as
an energy source is due to the reduced heat increment during
metabolism compared to carbohydrate; therefore, the broilers could
metabolize more energy, especially at the high ambient temperature
under heat stress conditions (National Research Council, 1984;
Grummer, 1992). Furthermore, the effect of MHEP supplementation
was clearly shown in this period of growth. The results indicated that
HE250 significantly improved the feed intake, resulting in increased
growth performance in tendency (p = 0.051) as shown in Table 2.
The higher metabolic rate and more crowed stocking density in this
stage of growth led to oxidative stress conditions resulting in heat and
free radicals being overproduced and these could detrimentally affect
the immune system and intestinal epithelium of birds (Blecha, 2000;
Tache et al., 2001). The anti-oxidative property of the phyto-chemicals
in MHEP have been reported, such as the isoflavone from M. sativa
(Elkomy et al., 2014), aradirachtin from 4. indica (Hossain et al.,
2013), lignans from P. amarus (Kiemer et al., 2003) and glycoprotein
from S. nigrum (Lee and Lim, 2003) were confirmed in the current
study by the increase in TBA-MDA adduct in the serum of the broilers
(Table 3), especially in the HE250 group. This beneficial ability alleviated
the damage to epithelium tissue in the gastro-intestinal tract; thus,
feed utilization was improved. However, increasing the usage dose
of MHEP to 500 mg/kg (HES00) did not produce an advantage compared
to the non-supplemented group, probably due to the overloading of
detoxification of the excess phyto-chemicals from MHEP.
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Table 2 Effect of mixed herbal extracts product supplementation on productive performances of broilers in grower and finisher periods

Performances Experimental diets p-value
control HE HE250 HES00
Grower period (11-24 DOA)
BW (g/b) 1,213.4£10.4 1,132.2°+40.0 1,154.1+29.1 1,116.5°+49.2 0.029
FI (g/b) 1,566.34+40.2 1,474.45+£21.3 1,489.58+£18.0 1,450.55+£20.6 0.0006
FCR 1.291+0.04 1.302+0.04 1.291+0.03 1.300+0.05 0.974
Live ability (%) 98.8£1.05 98.2+2.10 98.6+1.74 99.1£1.05 0.877
Finisher period (25-40 DOA)
BW (g/b) 1,509.9£137.0 1,663.2+12.9 1,726.4+110.6 1,639.6+106.8 0.051
FI (g/b) 2,901.7°+70.1 2,969.9>+10.3 3,112.1%£67.2 2,946.0°+108.2 0.028
FCR 1.929+0.13 1.786+0.02 1.807+0.11 1.800+0.07 0.168
Live ability (%) 96.4+3.15 96.8+2.72 97.0+£2.78 97.7+£1.74 0913
Whole period of experiment (11-40 DOA)
BW (g/b) 2,723.3+127.0 2,795.4+32.0 2,888.6+134.4 2,756.1+148.0 0.377
FI (g/b) 4,467.9°+94.1 4,444.3+11.8 4,609.8+£70.5 4,396.5°£97.2 0.024
FCR 1.642+0.05 1.590+0.02 1.598+0.07 1.598+0.06 0.576
Live ability (%) 95.243.78 95.0+4.78 95.2+4.20 96.8+2.29 0.899

MHEP = mixed herbal extracts product; DOA = days of age; HE = high energy; HE250 and HE500 = high energy diet supplemented with 250 mg/kg

MHEP (HE250) and 500 (HE500) mg/kg MHEP, respectively.

Means within a row with different lowercase superscripts are significantly (p < 0.05) different.

Means within a row with different uppercase superscripts are highly significantly (p < 0.01) different.

Table 3 Effects of mixed herbal extracts product supplementation on lipid peroxidation and alanine-aminotransferase (ALT) activity in serum of broilers

Parameter Experimental group p-value
Control HE HE250 HES00

TBA-MDA adduct 2.565+0.20 2.598+0.23 3.044+£0.24 2.685+0.25 <0.01

ALT 1.96+1.18 1.88+0.89 1.58+0.62 1.77+1.07 0.250

TBA-MDA = thiobarbituric acid with malondialdehyde; HE = high energy; HE250 and HE500 = high energy diet supplemented with 250 mg/kg MHEP (HE250)

and 500 (HE500) mg/kg MHEP, respectively.

Means within a row with different uppercase superscripts are highly significantly (p < 0.01) different.

The responses of the broilers to the MHEP supplementation in
the HE-diet for the whole experimental period (11-40 DOA) were
similar to those in the finisher period. HE250 significantly improved
the feed intake of broilers; consequently, compared to the control diet,
the body weight gain and feed conversion ratio were improved by
6.07 and 2.68%, respectively.

Effects of mixed herbal extracts product on protection from fatty liver
hemorrhagic syndrome

FLHS was found during the grower period in the chicks fed
HE-diet and pathogenic changes in the liver tissue were observed
based on the lesion scoring. Lesion score changes were evident in

broilers at 24 DOA and 40 DOA. Although high dietary fat has been
reported to induce macroscopic and microscopic changes in the liver
of broilers (Qureshi et al., 2004), feeding the HE-diet did not induce
clear signs of FLHS in the current study (lesion scores in treatment
birds were not significant from those fed the control diet) as shown
in Table 4, probably due to the energy uptake control by the broilers
or the relatively small increase in the ME content in the current study.
In addition, the serum ALT activity, which is normally related to
the function and health status of the liver, confirmed the normal
function of liver with no significant differences among the experimental
groups (Table 3). Thus, the application of MHEP did not provide
any clear protective ability against FLHS at both 24 DOA and
40 DOA.

Table 4 Average lesion scoring of broiler liver tissue (n = 12) fed different experimental diets

Experimental diet Period of growth

24 DOA 40 DOA
Control 1.17+1.03 1.25+1.60
HE-diet 1.08+0.79 1.00+1.30
HE-diet+250 mg/kg herbal product 0.83+0.94 1.17+1.19
HE-diet+500 mg/kg herbal product 1.17+0.94 0.92+1.38
p-value 0.780 0.926

DOA = days of age; HE = high energy; Scoring = 0: normal liver, 1: fatty infiltration initiated at portal area, 2: fatty infiltration present in portal area and

surroundings of central vein and local hepatitis occurs, 3: fatty infiltration in whole hepatic parenchyma, focal hepatitis and partial necrosis are present, 4: fatty

inflitration and extensive hepatitis are present in whole hepatic parenchyma and fibrosis also found.
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Although, the MHEP did not produce any obvious fatty liver
protection, the hypolipidemic property of the extracts from A. indica,
E. alba, M. sativa, E. coracana, P. amarus and S. nigrum, was evident
with a decrease in the serum triglyceride concentration (Fig. 2).
The serum triglyceride decreased with the increasing dose of MHEP.
Normally, triglyceride in serum comes from the dietary fat and
de novo synthesis from the excess energy uptake from dietary
carbohydrate (Polin and Wolford, 1976). However, serum triglyceride
can be affected by some herbal active ingredients with different
mechanisms. Chattopadhyay and Bandyopadhyay (2005) suggested
that quercetin -3-0-B-D-glycoside, myricetin-3-O-rutinoside,
quercetin-3-O-rutinoside, kaempferol-3-O-rutinoside, kaempferol-3-
O-B-D-glycoside and quercetin-3-O-a-L-rhamnoside from A. indica
extract decreased triglyceride synthesis by the inhibition of 3-hydroxy-
3-methyl-glutaryl coenzyme A reductase (HMG-CoA reductase),
which led to lower cholesterol synthesis in the liver (Hamid, 2014)
and the reduction of very low density lipoprotein (VLDL) secretion
from liver (Ginsberg, 1998). The decrease in VLDL, which contains
more than 90% triglyceride, lowers the serum triglyceride (Griffin et
al., 1982). In addition, the flavonoids from M. sativa could lower the
serum triglyceride content in laying hens by reducing the activities
of acetyl-CoA carboxylase, fatty acid synthetase and HMG-CoA
reductase, which are related to cholesterol and VLDL synthesis in
the liver (Deng et al., 2012). Furthermore, S. nigrum extract inhibited
the expression of the gene ChREBP (carbohydrate response element-
binding protein), which controls the glycolytic and lipogenic genes
including the synthesis of acetyl-CoA carboxylase and fatty acid
synthetase (lizuka and Horikawa, 2008).

Increasing the dietary ME content by 100 kcal/kg above the
recommendation lowered the feed intake of the broilers only during
the grower period, but did not clearly induce FLHS. Thus, MHEP
supplementation in the HE-diet did not produce any protective
ability against FLHS. However, the anti-oxidative property of
the active ingredients in HMEP, especially for the 250 mg/kg diet,
may have improved gut health, which is directly related to improved
feed utilization; subsequently, the productive performance of broilers
would be increased, particularly under stress conditions such as in
the finisher period of growth.

90 —
80 + d

70 1+ % ab
60 - ab

50 +
40 +
30 +
20 +
10 +
0

control HE HE +250 HE +500

mg/kg mg/kg
Fig. 2 Effect of mixed herbal extracts product supplementation on serum
triglyceride (mg/dl) of broilers aged 40 d, where histograms labeled with
different superscripts are significantly (p < 0.05) different and error bars
indicate + SD.
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