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Abstract

The present experiment investigated the impact of administrations of lactic fermented turmeric, 
black pepper or a mixture of both into diets on the hematological parameters and intestinal ecology 
and morphology of broilers. Three hundred and ninety two broilers were spread to T0 (control), 
T1 (feed administrated with 1% lactic fermented turmeric), T2 (feed administrated with 1% lactic 
fermented black pepper) and T3 (feed administrated with 1% lactic fermented turmeric and 1% 
lactic fermented black pepper). Blood sampling was conducted at days 21 and 35, while intestinal 
sampling was at day 35. At day 21, erythrocyte counts were greater (P ≤ 0.05) for T1 compared to 
that for T2 and T3. Broilers in T1 had deceased (P ≤ 0.05) serum total triglyceride compared to that 
of T0 and T3. The concentration of globulin was reduced (P ≤ 0.05) in T3 than that in T0 and T1. 
At day 35, serum triglyceride level was more elevated (P ≤ 0.05) in T0 compared to that in T2 and 
T3 groups. Serum cholesterol as well as low-density lipoprotein levels were lower (P ≤ 0.05) in T3 
than that in T0. Compared to other broilers, total protein and globulin concentrations were lower 
(P ≤  0.05) in  T3. A  bigger (P ≤ 0.05) ratio of albumin to globulin (A/G) was seen in T3 compared 
to that in T1 and T2. Creatinine was greater (P ≤ 0.05) in T1 than in others. The titer of antibody 
toward vaccine of Newcastle disease was elevated (P ≤ 0.05) in T1 and T2 than in T0. The LAB counts 
were enhanced (P ≤ 0.05) in ileum of T1 and T2 than that in T0. Compared to T0, the villi height 
of jejunum was elevated (P ≤ 0.05) in treated broilers. In conclusion, administration of fermented 
turmeric powder improved erythrocyte counts, antibody titer toward Newcastle disease vaccine, 
LAB population and jejunal villi height of broilers. 
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INTRODUCTION
Phytogenic or herbal ingredients have long 

been exploited as feed additives in broiler farms. 
Currently, dietary herbal application is becoming 
more popular among poultry nutritionists following 
the retraction of antibiotic growth promoters from 

broiler diets. Turmeric (Curcuma longa Linn.) is one 
of the herbs most widely employed as a  dietary 
additive for broilers. The dietary administration of 
turmeric root powder has been reported not only 
to improve the production performance, but also 
to improve the physiological and health conditions 
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of broilers (Attia et  al., 2017; Guil-Guerrero et  al., 
2017; Ürüşan and Bölükbaşı, 2017). Other herbal 
product that has widely been incorporated in 
broiler feeds is black pepper (Piper nigrum). Dietary 
supplementation of black pepper has been shown 
to promote growth rate and improve the blood lipid 
indices of broilers (Puvača et  al., 2014). Likewise, 
Abou-Elkhair et  al. (2014) and Ndelekwute et  al. 
(2015) documented that supplementation of black 
pepper in diets improved growth performance and 
health of broilers. 

Lactic acid fermentation is one of the simple 
methods to enhance the functional properties of 
herbs. Rizzello et al. (2013) documented that lactic 
acid bacteria (LAB) fermentation increased the 
antimicrobial, antioxidants and immunomodulatory 
activities of Echinacea spp. Also, Ng et  al. (2011) 
reported that lactic acid fermentation resulted 
in increased antioxidant capacity of herbal 
Anoectochilus formosanus. Moreover, Nazarni et al. 
(2016) reported that LAB fermentation increased 
antibacterial and antioxidant activities of Crataeva 
nurvala HAM (tigarun). With regard to LAB, these 
gram positive bacteria have been isolated from 
many sources, including wild fruits (Rodríguez 
et  al., 2019). In agreement with the latter report, 
we have recently confirmed that the underutilized 
fruit Averrhoa bilimbi L. could be a good source of 
LAB (Mareta et al., 2020), and thus can be used to 
ferment the herbs. The fruit also contains amino 
acids, carbohydrates, organic acids, minerals, 
vitamin C and other nutrients (Peris et  al., 2013; 
Alhassan and Ahmed 2016), which may be essential 
to support the growth of LAB. In this study, 
turmeric root and black pepper powders were 
lactic fermented with the fruit filtrate of A. bilimbi L. 
prior to the administration to broiler diets. To best 
of our view, no other investigation reported the 
use of lactic fermented turmeric, black pepper of 
a mixture of both as feed additive for broilers so far. 

The present study evaluated the impact of 
administrations of lactic fermented turmeric, black 
pepper or a  mixture of both on the hematological 
indices and intestinal bacterial population and 
morphology of broilers. 

MATERIALS AND METHODS

Production of Lactic Fermented Herbs
The filtrate of A. bilimbi fruit was firstly made 

prior to production of lactic fermented herbs. The 
mature A. bilimbi fruit was collected from the park 
surrounding the campus. It was washed, drained 
and then blended (without adding water) by means 
of electronic blender. The fruit juice was filtrated 
using cheesecloth. The sample of fruit filtrate was 
obtained for the determination of pH value and 
number of lactic acid bacteria. The pH measurement 
using electronic pH meter (Thermo Fisher Scientific 
Inc.) showed that pH value of the fruit filtrate was 

about 1.45. The number of LAB in the filtrate was 
determined according to viable count method using 
de Man, Rogosa and Sharpe (MRS) agar. Following 
the incubation under anaerobic condition for 
48 hours at 38 °C, the colonies of LAB in the fruit 
filtrate were 6.69 log cfu/mL. 

The herbs were purchased at the local Semarang 
market. For the production of lactic fermented 
herbs, turmeric or black pepper powder was mixed 
with the filtrate of A. bilimbi fruit (1 : 3; g : mL) and 
then put in an anaerobic jar. Following the room 
temperature-incubation for 4  days, the mixture 
was sun-dried and then sampled for pH values 
and LAB counts determination. The remainder 
was stored at refrigerator until use. The pH 
measurement on turmeric powder showed that the 
pH values decreased from 5.90 to 3.70 following 
lactic fermentation using A. bilimbi fruit filtrate, 
and from 5.80 to 3.00 in black pepper powder 
after fermentation. The counts of LAB in turmeric 
powder increased from 8.17 to 10.9 log cfu/mL and 
from 8.47 to 11.3 log cfu/mL in black pepper powder 
after lactic fermentation.

In Vivo Experiment
The broiler trial was organized according to 

a  completely randomized arrangement involving 
392 day-old chicks (Lohmann meat broiler, 
average live weight of 38.98 ± 1.14 g). The chicks 
were indiscriminately spread to four groups 
of treatments, each of which incorporated of 
7 replicates/pens with 14 birds in each. The group of 
treatments included T0 (control, additive free diet), 
T1 (diet administrated with 1% lactic fermented 
turmeric), T2 (diet administrated with 1% lactic 
fermented black pepper) and T3 (diet administrated 
with 1% lactic fermented turmeric and 1% lactic 
fermented black pepper). A  broiler house with 
open sides was used to raise the chicks for the 
entire experiment. The rice husk was used as litter 
material. The pen was 1.10 × 1.10 m2 and facilitated 
with hand-operated feeder and drinker. Light was 
provided throughout the day during the trial. The 
birds were provided with commercial pre-starter 
feed, containing 23% total protein, 5% total fat, 5% 
total fiber and 7% ash (chemical compositions were 
based on feed label), from arrival to day 7. From 
days 8 to 21, the birds were offered with formulated 
starter feed, and from days 22 to 35 with finisher 
feed. The constituents of the formulated feeds are 
provided in Tab.  I. The lactic fermented turmeric 
or black pepper were incorporated (“on top”) to 
feeds from days 1 to 35. Vaccination with Newcastle 
disease vaccine (NDV) via eye was performed on 
day 4, while through drinking water on day 18. 

On days 21 and 35, two male chicks with body 
weight close to pen average body weight were 
taken (14  chicks for each treatment group) and 
blood was withdrawn from their wing veins 
and subsequently put in tube with anticoagulant 
(ethylenediaminetetraacetic acid/EDTA) for the 
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assessment of whole blood numbers. The remainder 
blood was harboured in EDTA-free tube for yielding 
blood serum after clotting at room temperature for 
about 2 hours. Male chicks were chosen for blood 
sampling to avoid the physiological error due to 
gender variations. For the practical reason, the chicks 
that were previously blood sampled were killed, and 
the internal organs were then eviscerated. For the 
quantification of gut bacterial populations, digesta 
was squeezed from ileum and caecum and put in the 
sterile sample containers. Digesta was also collected 
from duodenum, jejunum, ileum and caecum for 
the measurement of pH values (using electronic pH 
meter; Thermo Fisher Scientific Inc.). For the small 
intestinal morphology assessment, the segments 
(approximately 2 cm in length) was obtained from 
each small intestinal segment and put in sample tubes 
containing solution of 10% neutral formalin buffer.

Determination of complete blood numbers was 
carried out using a  Prima Fully-Auto Hematology 
Analyzer (PT. Prima Alkesindo Nusantara, Jakarta, 
Indonesia) following the producer's protocol. The 

antibody toward NDV was quantified following the 
hemagglutination inhibition (HI) method (Villegas, 
1987), and the titer was provided as geometric 
mean titres (Log2). Biochemical assessment in serum 
including lipid profile, creatinine and uric acid were 
carried out according to the colorimetric/ enzymatic 
color test. The calculations of total protein, albumin, 
alanine aminotransferase (ALT) as well as aspartate 
aminotransferase (AST) were carried out following 
the spectrophotometric/photometric method. The 
concentration of serum globulin was calculated 
from reduction of overall protein with albumin. 
A commercial assay (DiaSys Diagnostic System GmbH, 
Holzheim, Germany) was used as the standard 
during serum biochemical analysis. To perform 
histological analysis, duodenal, jejunal or ileal slices 
(5 μm each) were dyed using haematoxylin and also 
eosin. The measurement of villus height and crypt 
depth was then conducted with optical microscope 
facilitated with camera. Coliform as well as lactose-
negative enterobacteriaceae populations in the gut 
contents were counted as red and colorless colonies 

I: Constituents and nutritional compositions of broiler rations

Items (%, except that otherwise mentioned) Starter (8–21) Finisher (22–35)

Corn 55.9 62.5

SBM 37.1 29.5

Palm oil 2.22 3.22

DL-methionine 0.19 0.19

Bentonite 1.00 1.00

Limestone powder 1.34 1.34

MCP 1.51 1.51

Mineral-vitamin mix 0.27 0.27

Chlorine chlorite 0.07 0.07

NaCl 0.40 0.40

Calculated nutritional compositions: 

ME1 (kcal/kg) 2,900 3,040

CP 21.0 18.0

CF 5.50 5.50

Ca 1.30 1.30

P 0.60 0.60

Analyzed nutritional compositions:

ME1 (kcal/kg) 3,144 3,219

DM 90.1 89.2

CP 19.0 16.9

EE 3.30 3.44

CF 8.69 9.40

Ash 9.77 7.10
1 ME (metabolizable energy) was predicted based on formulation (Bolton, 1967) as follow: 40.81 {0.87 [CP + 2.25 crude fat 
+ nitrogen‐free extract] + 2.5}
SBM: soybean meal; MCP: monocalcium phosphate; CP: crude protein; CF: crude fiber; DM: dry matter; EE: ether extract
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on MacConkey agar following incubation (aerobic) at 
38 °C for 24 hours. The number of coliform bacteria 
and lactose negative enterobacteriaceae bacteria 
was concluded as enterobacteria. The amount of 
LAB in digesta was determined on the MRS agar as 
described above. 

Results were statistically assigned according to 
ANOVA (SPSS 16.0 version). Duncan's post-hoc test 
was additionally run if notable impact (P ≤ 0.05) of 
treatments was seen on the parameters measured. 

RESULTS

Complete Blood Counts of Broilers
Data regarding whole blood profiles of birds 

are provided on Tab.  II. On day  21, the numbers 
of erythrocytes were elevated (P ≤ 0.05) in T1 
compared to that in T2 and T3, but did not vary from 
T0 broilers. The other blood indices did not vary 
(P > 0.05) across the groups both at days 21 and 35. 

II: Whole blood numbers of broilers

Items
Dietary groups

SEM P value
T0 T1 T2 T3

Day 21

Haemoglobin (g/L) 95.3 100 88.9 107 4.1 0.47

Red blood cells (1012/L) 2.56ab 2.72a 2.46b 2.52b 0.03 0.04

Hematocrit (%) 32.8 35.2 31.4 36.7 0.92 0.17

Mean corpuscular volume (10-15 L) 129 130 128 127 0.46 0.17

Mean corpuscular hemoglobin (10-12 g) 37.3 36.8 36.1 36.2 0.27 0.32

MCHC (g/L) 292 284 283 292 2.60 0.50

RDW-SD (10-15 L) 48.9 54.8 51.2 52.8 1.02 0.21

RDW-CV (%) 10.5 11.2 10.6 11.0 0.14 0.28

Mean platelet volume (10-15 L) 8.68 9.09 9.08 9.37 0.16 0.54

White blood cells (109/L) 64.6 65.1 62.3 65.6 1.00 0.67

Heterophils (109/L) 2.68 2.57 2.71 2.54 0.16 0.98

Lymphocytes (109/L) 61.8 62.5 60.5 63.1 0.94 0.81

Thrombocytes (109/L) 7.86 10.2 10.6 9.79 0.47 0.17

Day 35

Haemoglobin (g/L) 106 102 104 104 1.90 0.86

Red blood cells (1012/L) 2.96 2.87 2.73 2.89 0.07 0.65

Hematocrit (%) 37.0 36.1 34.0 35.7 0.82 0.64

Mean corpuscular volume (10-15 L) 126 127 126 124 0.50 0.45

Mean corpuscular hemoglobin (10-12 g) 35.9 35.4 36.1 36.0 0.24 0.73

MCHC (g/L) 288 282 289 292 2.00 0.35

RDW-SD (10-15 L) 48.5 47.4 48.0 46.5 0.52 0.57

RDW-CV (%) 10.2 9.88 10.1 9.86 0.10 0.61

Mean platelet volume (10-15 L) 9.02 8.97 9.43 8.91 0.08 0.08

White blood cells (109/L) 84.5 81.3 81.9 81.7 2.02 0.95

Heterophils (109/L) 4.07 4.00 4.07 3.29 0.19 0.38

Lymphocytes (109/L) 80.1 77.3 76.4 72.7 2.32 0.74

Thrombocytes (109/L) 12.9 15.1 11.8 11.7 0.62 0.18
a,b Values having various letters inside the same row are significantly distinct 
T0: control (additive free diet), T1: diet administrated with 1% lactic fermented turmeric, T2: 1% lactic fermented black 
pepper, T3: 1% lactic fermented turmeric and 1% lactic fermented black pepper, MCHC: mean corpuscular hemoglobin 
concentration, RDW-SD: red blood cell distribution width-standard deviation, RDW-CV: red blood cell distribution width-
coefficient variation
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Biochemical Traits and Antibody 
Against NDV in Serum of Broilers

Tab.  III shows the detailed serum biochemical 
indices of broilers. On day 21, broilers at T1 had less 
(P  ≤  0.05) total serum triglycerides in comparison 
to T0 and T3, but not different (P > 0.05) from T2. 
Globulin levels were decreased (P ≤ 0.05) in T3 than 
in T0 and T1, but did not vary (P > 0.05) from T2. On 
day 35, serum total triglyceride values were elevated 
(P ≤ 0.05) at T0 compared to that in T2 and T3, but 
not divergent (P > 0.05) from T1. The concentrations 
of cholesterol as well as LDL were reduced (P ≤ 0.05) 
at T3 than at T0, but not different (P > 0.05) from T1 
and T2. In comparison to other broilers, total serum 
protein and also globulin concentrations were lower 
(P ≤ 0.05) at T3. The ratio of albumin to globulin (A/G) 

was elevated (P ≤ 0.05) in T3 than in T1 and T2, but 
not divergent (P > 0.05) from T0. The concentration 
of creatinine was enhanced (P ≤ 0.05) at T1 than in 
the other broiler groups.

On day 35, the titer to NDV was greater (P ≤ 0.05) in 
blood of T1 and T2 when compared with that in T0 
chicks (Tab.  IV). Antibody titers were, however, not 
divergent (P > 0.05) across groups at measurement 
on day 21.

pH Values and Intestinal Bacterial 
Counts of Broilers

The data on pH values of intestinal segments 
of chickens are provided in Tab. V. Overall, the 
lack influence (P > 0.05) of diets on the pH of gut 
segments of broilers was observed.

III: Serum biochemical indices of broilers

Items
Dietary groups

SEM P value
T0 T1 T2 T3

Day 21

Total triglyceride (g/L) 1.27a 0.95b 1.08ab 1.22a 0.04 0.04

Total cholesterol (g/L) 1.41 1.36 1.30 1.37 0.03 0.53

Low-density lipoprotein (g/L) 0.41 0.23 0.24 0.24 0.04 0.36

High-density lipoprotein (g/L) 0.90 1.01 0.96 0.90 0.03 0.37

Total protein (g/L) 27.8 27.9 27.4 25.3 0.50 0.16

Albumin (g/L) 12.6 12.7 12.7 12.1 0. 20 0.70

Globulin (g/L) 15.1a 15.2a 14.8ab 13.2b 0. 30 0.04

A/G ratio 0.84 0.85 0.86 0.92 0.01 0.12

Aspartate aminotransferase (U/L) 236 226 211 206 4.63 0.08

Alanine aminotransferase (U/L) 2.99 2.91 2.63 2.11 0.21 0.45

Uric acid (g/L) 0.09 0.10 0.08 0.07 0.05 0.14

Creatinine (10-2 g/L) 0.07 0.11 0.08 0.06 0.01 0.45

Day 35

Total triglyceride (g/L) 1.14a 1.04ab 0.95b 0.87b 0.03 0.02

Total cholesterol (g/L) 1.52a 1.42ab 1.40ab 1.31b 0.02 0.02

Low-density lipoprotein (g/L) 0.43a 0.33ab 0.26ab 0.21b 0.03 0.04

High-density lipoprotein (g/L) 0.88 0.88 0.89 0.95 0.02 0.67

Total protein (g/L) 35.1a 34.0a 33.8a 30.1b 0. 50 < 0.01

Albumin (g/L) 14.2 13.4 12.9 12.2 0.30 0.09

Globulin (g/L) 21.0a 20.6a 21.6a 17.3b 0. 50 < 0.01

A/G ratio 0.68ab 0.66b 0.59b 0.78a 0.02 0.02

Aspartate aminotransferase (U/L) 291 302 268 276 5.94 0.18

Alanine aminotransferase (U/L) 2.03 1.57 0.87 0.97 0.18 0.06

Uric acid (g/L) 0.07 0.07 0.08 0.06 0.01 0.59

Creatinine (10-2 g/L) 0.07b 0.09a 0.07b 0.06c < 0.01 < 0.01
a,b Values having various letters inside the same row are significantly distinct
T0: control (additive free diet), T1: diet administrated with 1% lactic fermented turmeric, T2: 1% lactic fermented black 
pepper, T3: 1% lactic fermented turmeric and 1% lactic fermented black pepper, A/G ratio: albumin to globulin ratio
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The population of LAB were elevated (P ≤ 0.05) in 
ileal content of T1 and T2 than that in T0, but were 
did not vary (P > 0.05) from T3 broilers (Tab.  VI). 
The counts of LAB in caecal digesta were not 
divergent (P > 0.05) amongst broilers. The counts of 
coliform, lactose negative enterobacteriaceae and 
Enterobacteriaceae were not distinct (P > 0.05) both 
in ileum and caecum.

Gut Morphology of Broilers
The results of chicken intestine morphology are 

presented in Tab.  VII. Compared with T0, jejunal 
villi height was enhanced (P ≤ 0.05) in T1, T2 and 
T3 broilers. However, the height of villus, depth 
of crypt and ratio of villous height to crypt depth 

(VH/ CD) did not differ (P > 0.05) in the duodenum 
and ileum in broiler chickens.

DISCUSSION
At day  21, the numbers of erythrocytes were 

higher in T1 than that in T2 and T3, but were not 
divergent from T0. It has generally been known 
that erythrocytes are responsible for transporting 
oxygen to the entire body cells. Hence, the lower 
concentration of erythrocytes may implicate in 
the lower oxygen supply to the cells, which may 
negatively affect the metabolic process in animals. 
The latter condition resulted in reduced energy 
production for growth of broiler chickens. In this 

IV: Antibody titer against NDV in serum of broilers

Items (Log2 GMT)
Dietary groups

SEM P value
T0 T1 T2 T3

Day 21 1.36 0.86 1.50 1.36 0.13 0.31

Day 35 1.21c 2.93a 2.57ab 1.57bc 0.24 0.03
a,b,c Values having various letters inside the same row are significantly distinct 
T0: control (additive free diet), T1: diet administrated with 1% lactic fermented turmeric, T2: 1% lactic fermented black 
pepper, T3: 1% lactic fermented turmeric and 1% lactic fermented black pepper, GMT: geometric mean titer

V: pH values of intestinal segments of broilers

Items
Dietary groups

SEM P value
T0 T1 T2 T3

Duodenum 6.14 6.16 6.14 6.10 0.04 0.96

Jejunum 5.59 5.61 5.57 5.35 0.05 0.18

Ileum 5.46 5.17 5.27 5.27 0.07 0.60

Caecum 6.97 6.82 6.78 7.22 0.10 0.37
T0: control (additive free diet), T1: diet administrated with 1% lactic fermented turmeric, T2: 1% lactic fermented black 
pepper, T3: 1% lactic fermented turmeric and 1% lactic fermented black pepper

VI: Selected bacterial counts of ileum and caecum of broilers

Items (log cfu/g)
Dietary groups

SEM P value
T0 T1 T2 T3

Ileum 

Coliform 5.51 5.65 6.26 5.73 0.16 0.38

LNE 6.80 5.93 6.34 6.09 0.22 0.55

Enterobacteriaceae 6.82 6.15 6.47 6.09 0.23 0.67

Lactic acid bacteria 9.37b 10.5a 10.3a 9.96ab 0.14 0.03

Caecum

Coliform 7.92 6.71 6.94 6.85 0.24 0.28

LNE 7.45 6.42 6.98 7.49 0.26 0.43

Enterobacteriaceae 7.96 6.93 7.28 7.81 0.27 0.53

Lactic acid bacteria 11.7 11.5 11.6 11.6 0.05 0.79
a,b Values having various letters inside the same row are significantly distinct 
T0: control (additive free diet), T1: diet administrated with 1% lactic fermented turmeric, T2: 1% lactic fermented black 
pepper, T3: 1% lactic fermented turmeric and 1% lactic fermented black pepper, LNE: lactose negative enterobacteriaceae
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study, the final body weight (at day 35) of broilers 
were 1569, 1561, 1443 and 1387 g for T0, T1, T2 
and T3, respectively. Previous study documented 
that dietary administration with black pepper 
resulted in reduction in erythrocyte numbers 
of broilers (Al-Kassie et  al., 2011). The latter 
investigators further inferred that black pepper 
may activate estrogen activity in broilers. Indeed, 
Khan and Zafar (2005) reported that the increased 
estrogen activity was associated with the decreased 
erythrocyte counts in broilers, which is the result 
of the elevated hemodilution. In the previous study, 
Nourmohammadi and Khosravinia (2015) noticed 
an over acidification due to dietary provision of 
60 g/kg of citric acid leading to deleterious effect 
on the physiological conditions of broilers. In this 
study, the high levels of fermented herbal mixture 
in diets (2% of diet) may exert acidic stress and 
thereby adversely influence erythropoiesis (Xu 
et  al., 2018). However, these above inferences 
must be interpreted with careful as the counts of 
erythrocytes did not vary across the treatment 
groups of broilers at day 35.

At day 21, broilers in T1 had a lower serum total 
triglyceride concentration than that of T0 and T3. 
However, the condition was not consistent at day 35 
as T2 and T3 had lower serum total triglyceride than 
that of T0, while T1 did not vary from T0, T2 and 
T3 groups. Moreover, broiler in T3 group had lower 
total cholesterol and LDL concentrations in serum 
as compared to that in T0 group. With regard to the 
single use of herb as feed additive, Abou-Elkhair 
et al. (2014) and Adegoke et al. (2018) revealed the 
absent impact of turmeric powder on serum total 
cholesterol and LDL levels of broiler. Likewise, 

Abou-Elkhair et  al. (2014) found no influence of 
black pepper meal on the serum levels of total 
triglyceride and cholesterol of broiler in their 
study. Owing to these facts, the synergistic effect 
of fermented turmeric and black pepper seemed 
to be attributed to the lipid-lowering activity of the 
herbal mixture as the individual use of fermented 
turmeric or black pepper powder resulted only in 
moderate decrease in cholesterol and LDL levels in 
the present study. Another possibilities could be that 
the high acidity in the herbal mixture may reduce 
blood lipid of broilers as Moghadam et  al. (2009) 
and Ghazvinian et  al. (2018) noticed that feeding 
organic acid decreased total triglyceride, cholesterol 
and LDL in chicken blood. It was apparent in the 
present investigation that T3 birds had lower serum 
total protein at day  35. Kapelanski et  al. (2004) 
noted the positive relationship between serum total 
protein and growth rate of animal. In this context, 
the lower serum total protein in T3 seemed to imply 
in the lower final body weight of the respective 
birds, as confirmed in the above paragraph. With 
regard to globulin, broilers in T3 group had lower 
serum globulin concentration than that of other 
groups of broilers. Recent report by Ismail et  al. 
(2020) pointed out that the higher serum globulin 
value was identical with the improved immunity 
of broiler chickens, since globulin is a precursor for 
immunoglobulin synthesis. In this study, the lower 
serum globulin level in T3 was associated with the 
relatively lower antibody titer against Newcastle 
disease vaccine, especially when compared with 
that of T1 at day 35. In support to the fact above, 
the higher A/G ratio in T3 may also indicate the 
lower disease resistance of the birds as formerly 

VII: Intestinal morphology of broilers

Items (μm)
Dietary groups

SEM P value
T0 T1 T2 T3

Duodenum 

Villi height 1031 1189 1239 1161 36.8 0.24

Crypt depth 128 118 145 140 5.59 0.34

VH/CD 9.55 10.3 9.04 9.16 0.44 0.74

Jejunum

Villi height 761b 975a 1012a 1034a 39.6 0.05

Crypt depth 99.1 103 112 104 3.76 0.69

VH/CD 8.34 9.59 9.45 10.4 0.45 0.47

Ileum

Villi height 614 595 635 607 15.4 0.85

Crypt depth 98.4 100 101 91.1 3.61 0.78

VH/CD 6.81 6.17 6.69 6.81 0.25 0.78
a,b Values having various letters inside the same row are significantly distinct 
T0: control (additive free diet), T1: diet administrated with 1% lactic fermented turmeric, T2: 1% lactic fermented black 
pepper, T3: 1% lactic fermented turmeric and 1% lactic fermented black pepper, VH/CD: ratio of villus height to crypt 
depth
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confirmed by Abdel-Fattah et  al. (2008). Former 
investigation by Haider et  al. (1977) reported the 
decreased gamma-globulin concentration in rats 
exposed to stress. In this study, the high levels of 
fermented herbal mixture (2% of diet) may exert 
acidic stress (Nourmohammadi and Khosravinia, 
2015), which consequently attenuate the globulin 
synthesis. The level of creatinine was higher in T1 
compared to other treatment groups, with T3 group 
had the lowest concentration. In general, the blood 
level of creatinine is associated with the function of 
kidney and also the extent of protein break down 
(Del Vesco et al., 2015). In this regard, the increased 
creatinine level in the blood of broilers seemed to be 
attributed to the deficiency of kidney. However, the 
level of serum creatinine in this experiment was still 
within the acceptable range as Sugiharto et al. (2019) 
noted that the serum creatinine concentration of 
broilers ranged from 0.05 to 0.10 mg/dL.

At day 35, antibody titer to NDV was elevated in 
serum of T1 and T2 than that in T0 birds. This may 
implicate in better resistance of T1 and T2 broiler 
chickens against Newcastle disease. In the previous 
study, Abou-Elkhair et  al. (2014) documented no 
substantial impact of turmeric and black pepper on 
antibody toward NDV in broiler chickens. Owing 
to this, lactic fermentation using A. bilimbi L. fruit 
filtrate seemed to improve the immune-enhancing 
effect of turmeric and black pepper powder. The 
presence of LAB (Salehizadeh et al., 2019) and also 
the improvement in the biological activities of 
the herbs (Daliri et  al., 2019) following the lactic-
fermentation may be associated to the immune 
enhancing properties of turmeric and black 
pepper powder in the current investigation. With 
regard to T3, the mixture of fermented turmeric 
and black pepper did not increase the antibody 
response of broilers. In this case, the high levels of 
fermented herbs (2% of diet) could be a  stressor 
(Nourmohammadi and Khosravinia, 2015), which 
may then attenuate the immune-stimulating effect 
of the herbs on broiler chickens.

It is generally known that the pH values of the 
intestine depend on several factors, one of which 
is the characteristics of the diets. Previously, Loh 
et  al. (2007) showed that feeding diets containing 
fermented product reduced the pH values of the 
excreta of laying hens. In the present study, dietary 

administration of fermented of turmeric, black 
pepper or the combination of both did not result 
in the alteration of pH values of the intestinal 
segments of broiler chickens. The definite reason 
for the lacking effect of dietary administration 
of fermented herbs on the intestinal pH was not 
known. However, the buffering activity of the 
intestine in response to the incoming fermented 
herbs may stabilize the pH values of the intestinal 
tract of broilers (Pearlin et al., 2020).

Dietary administration of fermented turmeric or 
black pepper enhanced the counts of ileal LAB of 
broilers. In agreement, Qiao et  al. (2018) reported 
that dietary administration of fermented Astragalus 
improved the bacterial population in the intestine 
of broiler, i.e., increased the Lactobacillus  sp. and 
decreased pathogenic bacteria populations. The 
latter investigators suggested that lactic fermentation 
may produce substantial amount of organic acids, 
which are beneficial for the proliferation of good 
bacteria, for instance LAB. Likewise, the presence 
of LAB in the fermented product may increase the 
counts of LAB in the intestine of chickens (Qiao et al., 
2018; Salehizadeh et al., 2019).

It was shown that T1, T2 and T3 had higher 
jejunal villi height than that of T0 broilers. 
Considering the important role of jejunal villi in 
absorbing the nutrients derived from feed, the 
enhanced villi height may therefore be expected 
to improve the absorptive capacity of the jejunum. 
The explanation for the improving effect of 
fermented herbs on the intestinal morphology was 
not definitely known. Previous studies suggested 
that curcumin in turmeric (Rajput et al., 2013) and 
black pepper (Oso et  al., 2019) may reduce the 
pathogenic bacterial load and thus improve the 
intestinal morphology of broilers. The minimum 
pathogen load could be attributed to the less tissue 
damage and inflammation, which thereby maintain 
the intestinal integrity of chicks (Rajput et al., 2013). 
The acidic effect of fermented herbs may also be 
associated with the enhanced intestinal villi height 
as Sabour et  al. (2019) documented that feeding 
organic acid increased the jejunal villi height of 
broilers. The latter investigators further noticed 
that acidic condition may favour the increased 
LAB population and hence improve the intestinal 
ecology and villi development. 

CONCLUSION
Dietary administration of fermented turmeric powder improved erythrocyte counts, antibody titer 
toward NDV, LAB population and jejunal villi height of broilers. The mixture of fermented turmeric 
and black pepper improved blood lipid profile and jejunal villi height, but had no improving-effect 
on the intestinal LAB population and immune response of broilers.
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