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Summary
Objectives: To investigate the effects of 
dietary turmeric on growth performance, 
nutrient digestibility, hematological and 
biochemical values, and intestinal histology 
in nursery  pigs.

Materials and methods: A total of 48 
nursery pigs were divided into groups 
receiving 0.00%, 0.05%, 0.10%, and 0.20% 
turmeric in the feed, with four replicates. 
Experiment 1: visceral organs and light 
microscopic parameters (eg, intestinal vil-
lus height) were measured at 30 kg body 
weight (BW). Epithelial cell morphology 
on the villus apical surface was observed 
using a scanning electron microscope. 

Experiment 2: blood was collected at 40 
and 80 kg BW for hematology, triglyceride, 
and cholesterol assays. Growth performance 
was compared at 90 kg  BW.

Results: Growth performance and carcass 
and visceral organ weights did not differ 
between turmeric and control groups. Nutri-
ent digestibility was higher in the 0.10% 
group (P < .05). Duodenal weight was lower 
in all treated groups than in the controls, 
and ileal weight was lower in the 0.10% and 
0.20% groups (P < .05). At 80 kg BW, hema-
tocrit was lower in the 0.10% group (P < .05). 
White blood cell counts were higher in the 
0.10% and 0.20% groups, and triglycerides 
and cholesterol in all treated groups (P < .05). 

Cell mitosis numbers were higher in the 
jejunum and ileum of the 0.10% and 0.20% 
groups (P < .05). Protuberant mucosal epi-
thelial cells and cell clusters were observed in 
treated  groups.

Implications: Under the conditions of 
this study, dietary turmeric promotes nutri-
ent digestibility, enhances hematological 
values, and induces intestinal epithelial cell 
 hypertrophy.
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Resumen - Efectos de la cúrcuma (Cur-
cuma longa Linnaeus) en el desempeño del 
crecimiento, digestibilidad de nutrientes, 
valores hematológicos, e histología intes-
tinal en cerdos en el destete

Objetivos: Investigar los efectos de la cúr-
cuma alimenticia en el desempeño de creci-
miento, digestibilidad de nutrientes, valores 
bioquímicos y hematológicos, e histología 
intestinal en cerdos de destete.

Materiales y métodos: Se dividieron un 
total de 48 cerdos de lactancia en grupos 
que recibieron 0.00%, 0.05%, 0.10%, y 
0.20% de cúrcuma en el alimento, con 
cuatro réplicas. Experimento 1: se midieron 
órganos viscerales y parámetros microscópi-
cos ligeros (por ejemplo, altura de las  

vellosidades intestinales) a 30 kg de peso 
corporal (BW por sus siglas in inglés). La 
morfología de las células epiteliales en la 
superficie apical de las vellosidades se observó 
utilizando un microscopio electrónico de bar-
rido. Experimento 2: se recolectó sangre a los 
40 y 80 kg BW para pruebas de hematología, 
triglicéridos, y colesterol. El desempeño del 
crecimiento se comparó a 90 kg BW.

Resultados: El desempeño del crecimiento 
y la canal y los pesos de los órganos viscerales 
no difirieron entre los grupos de cúrcuma y 
control. La digestibilidad de nutrientes fue 
más elevada en el grupo 0.10% (P < .05). 
El peso duodenal fue más bajo en todos los 
grupos tratados comparados con los controles 
y el peso ileal fue más bajo en los grupos 

0.10% y 0.20% (P < .05). A los 80 kg BW, el 
hematocrito fue más bajo en el grupo 0.10% 
(P < .05). El número de células blancas en 
la sangre fue más alto en los grupos 0.10% 
y 0.20%, y los triglicéridos y el colesterol 
en todos los grupos tratados (P < .05). Los 
números de mitosis celular fueron más altos 
en el yeyuno y en el ileón en los grupos 0.10% 
y 0.20% (P < .05). Se observaron células 
epiteliales protuberantes de mucosa y agru-
pamiento de células en los grupos tratados.

Implicaciones: Bajo las condiciones de este 
estudio, la cúrcuma alimenticia promueve 
la digestibilidad de nutrientes, mejora los 
valores hematológicos, e induce la hipertro-
fia de la célula epitelial intestinal.

 

Résumé - Effet du curcuma (Curcuma 
longa Linnaeus) sur les performances de 
croissance, la digestibilité des nutriments, 
les valeurs hématologiques, et l’histologie 
intestinale chez des porcelets en poupon-
nière

Objectifs: Étudier les effets de curcuma ali-
mentaire sur les performances de croissance, 
la digestibilité des nutriments, les valeurs 
hématologiques et biochimiques, ainsi que 
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To improve commercial swine 
production, basal diets have been 
supplemented with antibiotics for 

disease prevention and control of pathogens. 
However, continued use of antibiotics has 
induced development of resistant bacteria.1 

Consequently, it has become necessary to 
develop alternatives, such as dietary natural 
resources, to enhance intestinal physiological 
functions. To evaluate these feed ingredients, 

nutritional-physiological assessments have 
been made,2 for example, experiments to 
determine the effects of dietary supplements 
on the growth and health of the animal. The 
digestive, absorptive, and immunological 
functions of the intestine make it an essen-
tial organ in maintaining animal health. It is 
possible that histological changes observed 
in the intestinal mucosa are associated with 
changes in function. Recently, a histological 
approach for evaluating poultry diets has 
shown that greater villus height, cell area, 
and cell mitosis number, and the presence 
of protuberant cells (enlarged epithelial 
cells that protrude from the villus tip) were 
intimately related to activated intestinal 
digestive and absorptive  functions.2

Curcuma longa Linnaeus, a plant in the 
ginger and galingale family, is cultivated in 
tropical regions for medicinal purposes. The 
rhizome is usually boiled, cleaned, and dried 
to yield a yellow powder called “turmeric.” 
Curcumin, the major pigment in turmeric,3 
has been widely used as a spice, a yellow 
coloring agent in food, and a food preserva-
tive. Turmeric has medicinal properties 
including antifungal,4 immunomodulatory,5 
and antioxidative6 activities, and has been 
used in ruminants to prevent endoparasites 
and to treat internal and external injuries.6 
Studies on growth performance reported no 
improved performance in piglets,7 broilers,8 
and rats 9 receiving supplemental turmeric. 
Carcass characteristics of broilers, includ-
ing pre-slaughter live weight, New York 
dressed weight, eviscerated carcass weight, 
giblet weight, ready-to-cook carcass weight, 
and abdominal fat percentage revealed 
no significant differences from untreated 
controls when 0.1% and 0.2% dietary tur-
meric was fed,10 but carcass characteristics 
were better in broilers fed 0.5% dietary 
turmeric.11 Although most turmeric studies 
have focused on performance, few have been 
identified with a focus on nutrient digest-
ibility, hematological values, and intestinal 
histology. Therefore, the objective of this 
study was to investigate the effects of tur-
meric on growth performance, carcass and 
visceral organs weights, hematological and 
biochemical values, and intestinal histology 
both in nursery and growing-finishing  pigs.

Materials and  methods
All experimental procedures and animal 
management were performed according 
to the Guidelines and Rules for Animal 
Experiments of Maejo University, Thailand, 

and according to the Ethical Principles and 
Guidelines for the Use of Animals for Scien-
tific Purposes, National Research Council of 
 Thailand.

Animals and  housing
Pigs were crossbreds (Large White × Land-
race × Duroc) weaned at 28 days of age. Two 
feeding experiments, Experiments 1 and 2, 
were carried out separately but during the 
same rainy season at Maejo University, Thai-
land, June to October (average temperature 
28.5°C, lowest 23°C, range 20°C to 25°C, 
and highest 35°C, range 32°C to 38°C; rela-
tive humidity 58%, range 45% to 84%). Pigs 
entered both experiments at approximately 
50 to 60 days of age, body weight (BW) 
approximately 15 kg, and were housed in 
concrete pens (1.5 × 2.0 m) with fully slat-
ted floors. Fans operated automatically when 
ambient temperature was over 28°C. Each 
pen was provided with two nipple waterers 
and one automatic feeder for ad libitum 
feed. During both experiments, three basal 
diets were provided: a nursery diet from 15 
to 30 kg BW, a grower diet to 60 kg, and a 
finisher diet to 90 kg12 (Table  1).

Experimental design, Experiment  1
A total of 16 castrated male nursery pigs 
were housed in one pen to 20 kg BW, then 
moved to individual stainless steel metabo-
lism cages (1.5 × 2 m) and randomly divided 
into four study groups with four replicates 
of one pig each. The Control group received 
no dietary turmeric. The other three groups 
received turmeric at 0.05%, 0.10%, and 
0.20% of the diet, respectively. At 25 kg BW 
(approximately 70 to 75 days of age), pigs 
were fed their respective experimental diets 
supplemented with 1% chromic oxide as a 
marker for 3 days, and feces were collected to 
measure nutrient digestibility for 7 days. Pigs 
were then returned to group housing in  pens.

The nutrient digestibility parameters of both 
feed and feces were determined. Dry matter, 
crude protein, crude fat, crude fiber, ash, nitro-
gen-free extract, energy, and biological value of 
protein were analyzed according to Association 
of Official Analytical Chemists procedures.13 
At 30 kg body weight (approximately 85 to 90 
days of age), all pigs were euthanized with 20 
to 30 mg sodium pentobarbital per kg BW, and 
visceral organs were quickly removed for gross 
anatomical examination, as well as for light 
and scanning electron microscopy of the small 
intestinal  mucosa.

l’histologie intestinale de porcelets en pou-
ponnière.

Matériels et méthodes: Un total de 48 
porcelets en pouponnière ont été séparés en 
groupes recevant 0.00%, 0.05%, 0.10%, et 
0.20% de curcuma dans leur alimentation, 
avec quatre réplications. Expérience 1: les 
viscères et des paramètres en microscopie 
photonique (eg, hauteur des villosités 
intestinales) ont été mesurés à 30 kg de 
poids vif (BW). La morphologie des cellules 
épithéliales à la surface apicale des villosités a 
été observée par microscopie électronique à 
balayage. Expérience 2: du sang fut prélevé à 
40 et 80 kg de poids vif pour analyses héma-
tologiques et mesures des triglycérides et du 
cholestérol. Les performances de croissance 
ont été comparées à 90 kg de BW.

Résultats: Aucune différence dans les perfor-
mances de croissance et le poids de la carcasse 
et des viscères n’a été observée entre le groupe 
témoin et les groupes avec supplément de 
curcuma. La digestibilité des nutriments était 
supérieure dans le groupe 0.10% (P < .05). 
Le poids du duodénum était plus petit dans 
tous les groupes traités comparativement aux 
témoins, et le poids de l’iléon était plus petit 
dans les groupes 0.10% et 0.20% (P < .05). À 
80 kg BW, l’hématocrite était inférieur dans 
le groupe 0.10% (P < .05). Les dénombre-
ments leucocytaires étaient plus élevés dans 
les groupes 0.10% et 0.20%, et les triglycérides 
et le cholestérol dans tous les groupes traités 
(P < .05). Le nombre de cellules mitotiques 
était plus grand dans le jéjunum et l’iléon des 
groupes 0.10% et 0.20% (P < .05). Des  
cellules épithéliales de la muqueuse pro-
tubérantes et des amas cellulaires furent 
observés dans tous les groupes traités.

Implications: Dans les conditions expéri-
mentales de la présente étude, le curcuma 
alimentaire favorise la digestibilité des nutri-
ments, augmente les valeurs hématologiques, 
et induit l’hypertrophie des cellules épithé-
liales intestinales.
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Tissue  sampling
The abdominal cavity was opened along the 
midline immediately after the pigs were euth-
anized. A 5-cm sample of the duodenum was 
collected, approximately 10 to15 cm distal to 
the stomach, and a 5-cm sample of the ileum 
was collected approximately 20 cm proximal 
to the ileocecocolic junction. A 5-cm sample 
was collected at the midpoint of the remain-
ing small intestine, which was regarded as 
the jejunum. Each sample was ligated at both 
ends, and a mixture of 30 mL per L glutaral-
dehyde and 40 mL per L paraformaldehyde 
in 0.1 M cacodylate buffer (pH 7.4) was 
injected. Each sample was then removed from 
the abdominal cavity and stored in the same 
fixative for 2 hours until preparation for light 
and scanning electron microscopy. During 
this 2 hours, the remaining visceral organs 
were extracted from the abdominal cavity 
and gross anatomy of the carcass and visceral 
organs was  examined.

Table 1: Feed composition of basal diet (as fed) in pigs supplemented or not with 
turmeric (Experiments 1 and 2)*

Nursery Grower Finisher
Ingredients (% of diet)
Corn 60.60 69.10 84.20
Rice bran 5.00 5.00 5.00
Soybean meal (44% protein) 24.20 18.20 10.20
Fish meal (60% protein) 3.00 3.00 3.00
Palm oil 3.70 2.00 0.00
Bone meal 1.00 1.00  1.00
Dicalcium phosphate (18% P) 1.80 1.00 1.00
Salt 0.35 0.35  0.35
Premix† 0.35 0.35  0.35
Total 100 100 100
Diet composition
Crude protein (%) 18.00 16.00 14.00
Calcium (%) 0.89 0.69 0.66
Phosphorus (%) 0.67 0.60 0.54
Lysine (%) 0.96 0.83 0.62
Methionine + cysteine (%) 0.63 0.59 0.52
Tryptophan (%) 0.22 0.19 0.15
Threonine (%) 0.70 0.62 0.51
Metabolizable energy (kcal/kg) 3250 3200 3150

*    Nursery pigs: 15-30 kg; growers, 31-60 kg; finishers, 61-90 kg.
†    Premix supplied per kg diet: vitamin A, 3333 IU; vitamin D, 667 IU; vitamin  E, 0.33 mg; 

vitamin K, 0.66 mg; vitamin B2, 1.67 mg; vitamin B12, 0.003 mg; calcium pantothenate, 
6.67 mg; cobalt, 3.47 mg; copper, 27.60 mg; iodine, 0.77 mg; manganese, 18.47 mg; 
zinc, 50.00 mg; and iron, 60.00 mg.

Gross anatomical  examination
Using an electronic scale accurate to 0.1 g, 
carcass weight and weights of other visceral 
organs (heart, liver, kidneys, spleen, lungs, 
and stomach) were measured. Intestinal con-
tent was removed and the length and weight 
of the remaining intestinal segments were 
measured. Ratio of small intestinal weight to 
length was  calculated.

Light  microscopy
A 5 × 8-mm section from each 5-cm intes-
tinal sample was fixed with Bouin’s fixative 
solution (saturated solution of picric acid, 
375 mL; formaldehyde buffered with 
CaCO3, 125mL; and acetic acid, 25 mL) 
for 1 week at room temperature, embed-
ded in Paraplast Plus (Sigma-Aldrich Co, 
St Louis, Missouri), and cut into 5-μm 
cross sections using a microtome. Every 
10th section was collected and stained with 
 hematoxylin-eosin.

Villus height, excluding the intestinal crypt, 
was measured in two villi in each section. 
Villi that included the lamina propria were 
selected at 40× magnification. Sixteen 
values of villus height were obtained from 
eight sections per pig, and the average of 
these values was expressed as the mean villus 
height for each  pig.

To measure villus area, the width of the villus 
was measured at the base and apex. Villus area 
was calculated from villus height, basal width, 
and apical width.14 Two villi that included 
lamina propria were selected at 40× magnifi-
cation for each section per pig. Sixteen values 
of villus area were obtained from eight sec-
tions per pig, and the mean villus area per pig 
was the average of these values.

To measure one cell area on the 5-µm cross 
section, the area of the epithelial cell layer 
was measured in the middle of a villus that 
included lamina propria, and the number 
of cell nuclei within this layer was counted. 
The area of the epithelial cell layer was then 
divided by this number. This measurement 
was employed in one to two fields per section. 
Sixteen values of cell area were obtained from 
eight sections per pig, and the mean cell area 
per pig was the average of these values.

To measure the cell mitosis number per crypt, 
five crypts with the approximate size of one 
microscopic field (400× magnification) were 
selected from four different sections for each 
pig and these four values were used to calcu-
late the mean for that pig. Finally, these four 
mean values from four pigs were expressed as 
mean cell mitosis for one  treatment.

These measurements were recorded using 
an image analyser (Olysia image analyser; 
Olympus Co Ltd, Tokyo, Japan). Finally, 
the mean of each intestinal parameter from 
the respective four pigs per treatment was 
expressed as the mean villus height, villus 
area, cell area, number of cell mitoses, crypt 
depth, muscle thickness, and ratio of villus 
height to crypt depth for one  group.

Scanning electron  microscopy
A 2 × 3-cm segment from the 5-cm 
duodenal segment proximal to the light 
microscopic sample was slit longitudinally 
along its nonmesenteric side for its entire 
length. The intestinal contents were washed 
with 0.01 M phosphate-buffered saline (pH 
7.4). The tissue samples were pinned flat to 
prevent curling and fixed in a mixture of 3% 
glutaraldehyde and 4% paraformaldehyde 
in 0.1 M cacodylate buffer (pH 7.4) at 
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room temperature for 1 hour. A 4 × 7-mm 
rectangle was cut from each tissue block 
and was fixed for an additional hour. The 
pieces were rinsed with 0.1 M sodium 
cacodylate buffer (pH 7.4) and post fixed 
with 10 g per L osmium tetroxide in ice-cold 
buffer for 2 hours. The specimens were dried 
in a critical-point drying apparatus (Polaron 
CPD apparatus7501; Quorum Technologies 
Ltd, East Sussex, United Kingdom). The 
dried specimens were coated with platinum 
(Hitachi E-1030 Ion Sputter; Hitachi Ltd, 
Tokyo, Japan) and observed with a JSM-
5401LV scanning electron microscope 
( JEOL, Tokyo, Japan). Mucosal epithelial 
cells originate in the intestinal crypt, and 
the exfoliative zone around the centre of the 
villus apical surface is the final stage of cell 
life. Therefore, the morphological alterations 
of epithelial cells were observed around the 
central part of the apical  surface.

Experimental design, Experiment  2
A total of 32 crossbred pigs, 16 females 
and 16 castrated males, were used. Sixteen 
nursery pigs of each gender were randomly 
allocated into four experimental groups 
housed in separate pens. Three groups, 
each including four males and four females, 
received turmeric as a dietary supplement 
at 0.05%, 0.10%, and 0.20%, and a control 
group received no turmeric (0.00%), with 
four replicates of one female and one male 
per replicate. Measurements of growth 
performance were made up to 90 kg BW 
(approximately 175 to 185 days of  age).

Individual body weight and feed intake 
were measured once a week. An index of 
average daily gain (ADG) in each group was 
calculated, with the ADG of the controls 
expressed as an index of 100. Feed intake 
was calculated for each pen by subtracting 
the feed remaining in the feeder from the 
amount fed. Feed conversion ratio was 
calculated using the following formula: feed 
intake (kg) ÷ ADG (kg). At 40 kg BW 
(approximately 105 days of age) and 80 kg 
BW (approximately 160 days of age), blood 
was collected from the jugular vein into 
10-mL evacuated tubes containing EDTA 
and stored on ice until assayed. Hematocrits 
were performed by the microhematocrit 
method. White blood cell counts were per-
formed using a light microscope. Neutrophil 
to lymphocyte (N:L) ratio was calculated 
from numbers of neutrophils and lympho-
cytes. The blood samples were then centri-
fuged at 2000g at 4°C for 20 minutes within 
1 hour of collection to separate the plasma, 

and triglyceride and cholesterol assays were 
performed using colorimeteric assays (Bio-
tech Reagent, Bangkok,  Thailand).

Statistical  analysis
Data on growth performance, nutrient digest-
ibility, carcass and visceral organ weights, 
hematological and biochemical values, and 
light microscopic parameters obtained in 
Experiments 1 and 2 were analyzed as a one-
way ANOVA using the general linear models 
procedure of SAS software (SAS Institute 
Inc, Cary, North Carolina), and results were 
expressed as means and pooled standard 
error of the mean. A separate analysis was 
performed employing orthogonal polynomial 
contrasts to determine the effects of graded 
levels of dietary turmeric on growth per-
formance, nutrient digestibility, carcass and 
visceral organ weights, hematological values, 
biochemical values, and light microscopic 
intestinal parameters. A probability < .05 was 
considered significant and < .10 was consid-
ered a  trend.

Results
Experiment  1
Nutrient digestibility. Nutrient digest-
ibility of dry matter and energy did not 
differ significantly among the groups (Table 
2). Digestibility of crude protein, crude fat, 
ash, and the biological value of the protein 
increased with increasing level of dietary 
turmeric, and were higher in the 0.10% and 
0.20% groups than in the control (Table 2). 
Digestibility of crude fiber was also higher in 
the 0.10% and 0.20% groups (Table 2).

Carcass and visceral organs. The weights per 
kg of live body weight of the carcass and vis-
ceral organs (heart, liver, kidney, spleen, lung, 
and stomach), and small intestinal length, did 
not differ among groups (Table 3). Duodenal 
weights were lighter in all treated groups 
(P < .01) and ileal weight was lighter in the 
0.10% and 0.20% groups (P < .05) than in the 
control. The ratio of weight to length in the 
duodenum, jejunum, and whole intestine did 
not differ among treatment groups, but was 
lower in the ileum of groups supplemented 
with turmeric (Table 3).

Table 2: Nutrient digestibility in nursery pigs fed diets supplemented with 
turmeric at 0.00% , 0.05%, 0.10%, and 0.20% (Experiment 1)*

Feed 
parameters

Digestibility of nutrients (%)†
SEM

P‡
Dietary turmeric

0.00% 0.05% 0.10% 0.20% Linear Quadratic
Dry matter 78.97 81.02 81.80 81.96 0.72 > .05 > .05
Crude  
protein 82.60 85.33 86.99 87.42 0.67 < .01 > .05

Crude fat 76.42 81.78 83.01 84.72 1.13 < .05 > .05
Crude fiber 45.0 43.5 54.8 63.5 2.54 < .01 > .05
Ash 34.12 35.97 46.67 48.41 2.83 < .01 < .001
Nitrogen 
free extract 81.39 81.78 83.01 83.40 0.70 > .05 > .05

Energy 80.47 80.78 81.07 80.68 0.32 > .05 > .05
Biological 
value of 
protein

82.02 84.49 86.17 86.27 0.62 < .05 > .05

*    Study period from approximately 50 to 60 days of age to approximately 85 to 90 days 
of age.  Controls received the basal diet (described in Table 1) unsupplemented with 
turmeric. Four castrated males per treatment group (16 pigs total). One replicate repre-
sented by one pig per treatment, with four replicates performed. 

†    In each treatment group, nursery pigs weighing 25 kg were confined in metabolism 
cages for administration of 1% chromic oxide in the feed (3 days) and collection of feces 
(7 days).

‡    Linear and quadratic polynomial contrasts were used to determine the effects of increas-
ing levels of dietary turmeric.

SEM = standard error of the mean.
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Table 3: Measurements of carcass and visceral organs in nursery pigs fed diets supplemented with turmeric at 0.00% , 0.05%, 
0.10% and 0.20% (Experiment 1)*

Parameters
Dietary turmeric

SEM
P†

0.00% 0.05% 0.10% 0.20% Linear Quadratic
Live weight (kg) 32.00 32.38 34.00 31.50 0.43 > .05 > .05
Carcass weight (% live weight) 69.52 66.32 68.33 65.77 0.61 > .05 > .05
Visceral organs (% live weight)
Heart 0.47 0.48 0.43 0.44 0.03 > .05 > .05
Liver 2.58 2.59 2.35 2.34 0.56 > .05 > .05
Kidney 0.57 0.47 0.40 0.39 0.04 > .05 > .05
Spleen 0.17 0.21 0.21 0.22 0.01 > .05 > .05
Lung 1.05 1.13 1.48 1.78 0.09 > .05 > .05
Stomach 0.82 0.75 0.71 0.75 0.19 > .05 > .05
Small intestinal length (cm)
Duodenum 48 53 57 57 2.08 > .05 > .05
Jejunum 1401 1300 1241 1263 31.31 > .05 > .05
Ileum 202 197 193 192 2.08 > .05 > .05
Total 1651 1550 1491 1515 31.31 > .05 > .05
Small intestinal weight (g) 
Duodenum 81 57 56 59 3.16 < .01 < .05
Jejunum 1095 1134 957 922 45 > .05 > .05
Ileum 244 200 181 167 10 < .05 > .05
Total 1420 1392 1195 1149 50 > .05 > .05
Ratio of weight to length of intestine (g/cm)
Duodenum 1.71 1.12 0.99 1.05 0.09 > .05 > .05
Jejunum 0.79 0.87 0.78 0.73 0.03 > .05 > .05
Ileum 1.21 1.01 0.94 0.87 0.05 < .05 > .05
Total 3.71 3.01 2.71 2.65 0.11 > .05 > .05

*    Study described in Table 2. Pigs were euthanized at 30 kg body weight for gross and microscopic examination of the visceral organs and 
intestinal tract. Four replicates performed per group, with one pig per group in each replicate.

†    Linear and quadratic polynomial contrasts were used to determine the effects of increasing levels of dietary turmeric.
SEM = standard error of the mean.

Light microscopic villus measurements. 
Villus height, villus epithelial cell area, crypt 
depth, thickness of total muscle layer, and 
ratio of villus height to crypt depth did not 
differ among groups. Numbers of cell mitoses 
per crypt in the duodenum were lower in 
the 0.10% group (P < .01), but higher in the 
jenunum and ileum of the 0.10% and 0.20% 
groups (Table 4). The total muscle layer 
was thinner in the duodenum of the 0.05%, 
0.10%, and 0.20% groups than in the control 
(P < .05) (Table  4).

Scanning electron microscopic 
observation of epithelial cells on 
the villus apical  surface
Figures 1 to 3 show epithelial cells on the 
intestinal villus apical surface in piglets fed 
0.0%, 0.05%, 0.10%, and 0.20% turmeric 
diets. Compared with the slightly protuber-
ant cells of the duodenum in the control 
(Figure 1A), the cells of all turmeric groups 
protruded into the intestinal lumen, ie, had 
a dome-like appearance (Figures 1B and 1C). 
In addition, cell clusters composed of aggre-
gated protuberant cells were observed in the 
0.20% group (Figure 1D). In the jejunum, 

the control was covered with flat cells (Fig-
ure 2A), but in the 0.05% group, there was a 
distribution of slightly protuberant cells (Fig-
ure 2B), and in the 0.10% and 0.20% groups 
(Figures 2C and 2D, respectively), there 
were clearly protuberant cells. In the ileum, 
the control was covered with flat cells (Fig-
ure 3A), but in the 0.05% and 0.10% groups 
(Figures 3B and 3C, respectively), there were 
distributions of slightly protuberant cells, and 
in the 0.20% group (Figure 3D), there were 
clearly protuberant  cells.
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Table 4: Light microscopic intestinal parameters in pigs fed 0.00%, 0.05%, 0.10% and 0.20% dietary turmeric  
(Experiment 1)*

Parameters
Dietary turmeric 

SEM
P†

0.00% 0.05% 0.10% 0.20% Linear Quadratic
Villus height (µm)
Duodenum 447.70 446.86 449.73 454.53 1.73 > .05 > .05
Jejunum 376.64 381.03 383.33 380.05 1.96 > .05 > .05
Ileum 334.16 332.53 336.95 337.38 1.56 > .05 > .05
Epithelial cell area (µm2)
Duodenum 93.70 92.79 95.16 93.81 0.45 > .05 > .05
Jejunum 75.88 78.51 76.79 76.54 0.68 > .05 > .05
Ileum 73.64 77.50 74.49 75.06 0.72 > .05 > .05
Cell mitoses (number per crypt)
Duodenum 4.16 5.13 2.13 3.03 0.34 < .01 > .05
Jejunum 4.33 4.76 6.88 7.21 0.39 < .001 > .05
Ileum 3.04 4.07 7.37 6.08 0.46 < .001 < .05
Crypt depth (µm)
Duodenum 229.31 226.27 230.29 225.09 2.69 > .05 > .05
Jejunum 207.87 187.19 198.19 199.60 4.78 > .05 > .05
Ileum 183.06 181.12 182.39 179.14 1.08 > .05 > .05
Thickness of total muscle layer (µm)
Duodenum 192.76 180.47 181.49 186.46 2.06 > .05 < .05
Jejunum 168.58 160.55 161.37 160.34 2.03 > .05 > .05
Ileum 148.49 146.28 149.87 145.82 1.46 > .05 > .05
Ratio of villus height to crypt depth
Duodenum 1.95 1.98 1.95 2.02 0.03 ND ND
Jejunum 1.85 2.03 1.93 1.90 0.04 ND ND
Ileum 1.82 1.83 1.84 1.88 0.01 ND ND

*  Study described in Tables 2 and 3. Four replicates performed per group, with one pig per group in each replicate.
†  Linear and quadratic polynomial contrasts were used to determine the effects of increasing levels of dietary turmeric.
SEM = standard error of the mean; ND = not done: not included in statistical analysis.

Experiment  2
Growth performance. Average daily gain 
and feed conversion did not differ among 
the groups (Table 5). Overall feed intake  
was greater in the 0.05% and 0.20% groups 
(P < .05).

Hematological and biochemical values. 
Table 6 shows the hematological and bio-
chemical values of each group at 40 and 80 
kg BW. Mean hematocrits in the treated 
groups did not differ from that of the control 
at 40 kg BW, but hematocrit was lower in 
the 0.10% group at 80 kg BW. Total white 
blood cell count and numbers of eosinophils 
and lymphocytes were greater with increas-
ing levels of dietary turmeric (P < .01). 

Numbers of neutrophils, basophils, and 
monocytes were higher in the 0.10% and 
0.20% groups than in the control group (P 
< .01). Neutrophil:lymphocyte ratio did not 
differ among the groups (Table 6). In 80-kg 
pigs, triglycerides (P < .05) and cholesterol 
concentrations (P < .001) were higher in 
treated groups.

Discussion
Growth performance in broilers was not 
improved after feeding 0.25%, 0.50%, and 
0.75% dietary turmeric.8 In other poultry 
studies, carcass characteristics did not differ 
in 0.1% and 0.2% dietary turmeric groups,10 
but carcass characteristics were better in a 

group fed 0.5% dietary turmeric.11 Growth 
performance in piglets fed a diet containing 
0.02% curcumin was not better than that of 
the control.7 Although in the present study, 
digestibilities of crude protein, crude fat, 
and crude fiber, and the biological value of 
protein, all increased with increasing level of 
dietary turmeric, growth performance and 
carcass weight did not differ among groups. 
One consequence of extracting curcumin 
from turmeric3 was that it required a longer 
period of supplementation to elicit an effect 
when used in lower doses in piglets.7 It is 
possible that the present experimental feed-
ing period of approximately 4 months was 
not long enough to have a significant effect 
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Figure 1: Duodenal villus apical surface of 85- to 90-day-old nursery pigs fed 
diets supplemented with turmeric at 0.00%, 0.05%, 0.10%, and 0.20% (panels A, B, 
C, and D, respectively). Pigs were weaned at 28 days of age and entered the study 
at approximately 50 to 60 days of age. Black arrows: slightly protuberant cells; 
white arrows: protuberant cells; stars: cell clusters. Bar = 6150 µm.

Figure 2: Jejunal villus apical surface of nursery pigs described in Figure 1 and fed 
diets supplemented with turmeric at 0.00% , 0.05%, 0.10%, and 0.20% (panels A, 
B, C, and D, respectively). Protuberant cells are visible in panels B, C, and D.  
Bar = 6150 µm.

on weight gain. When the ADG of the 
control group (0.63 kg per day) was set at 
100, ADG indexes of the 0.05%, 0.10%, and 
0.20% groups (0.69, 0.65, and 0.67 kg per 
day, respectively) were 110, 103, and 106, 
respectively. For the poultry producer, 2% 
higher daily gain is a sufficient  increase.

In the present study, intestinal weight in 
turmeric groups was lower than that in the 
control  group. In chickens fed high protein 
diets, intestines were short and light com-
pared to controls, and there were higher 
numbers of cell mitoses and protuberant 
cells.15,16 The facts that in this study, digest-
ibility of crude protein was higher, duodenal 
and ileal weights were lower, numbers of 
cell mitoses were higher in the jejunum and 
ileum, and there were more protuberated 
cells in the turmeric groups than in the 
control group, might suggest that turmeric 
stimulates small intestinal  function.

Measurement of hematological parameters 
is essential to evaluate animal health and 
stress. High leukocyte numbers and N:L 
ratios indicate a stress response.17 In pigs fed 
metapyrone, a drug used to diagnose adrenal 
insufficiency and to block cortisol synthesis, 
percentage of neutrophils increased and 
percentage of lymphocytes decreased; in 
every case, the N:L ratio increased.18 In pigs 
positive for swine influenza by polymerase 
chain reaction, total white blood cell count 
and the N:L ratio decreased.19 Growth 
performance and nutritional digestibility 
in growing-finishing pigs were better when 
fermented garlic powder was added to the 
feed, and immunoglobulins and lymphocyte 
counts were higher.20 Serum triglycerides 
and aortic cholesterol were lower in stressed 
rats than nonstressed controls.21 These 
reports suggest that lower neutrophil counts 
and N:L ratios, higher lymphocyte counts 
and total white cell counts, and higher 
serum triglycerides and cholesterol indicate 
no stress response. In the present study, pigs 
fed turmeric had higher total white blood 
cell counts and triglycerides than did con-
trols. In Balb/c mice, feeding curcumin (the 
major pigment in turmeric3) was associated 
with higher total white cell counts, higher 
circulating antibody titer against sheep red 
blood cells, and greater phagocytic activity 
in macrophages,5 and greater B-lymphocyte 
proliferation in the intestinal mucosa.22 
These reports suggest that ingested turmeric 
improves health in treated pigs because of 
enhanced immunostimulatory  activity.
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Figure 3: Ileal villus apical surface of nursery pigs described in Figure 1 and fed 
diets supplemented with turmeric at 0.00% , 0.05%, 0.10%, and 0.20% (panels A, 
B, C, and D, respectively). Protuberant cells are visible in panels B, C, and D.  
Bar = 6150 µm.

Intestinal histomorphology is markedly 
affected by dietary feed components, and 
changes in intestinal morphology correlate 
well with intestinal function in piglets22-24 
and chickens.25 Intestinal villus height, 
epithelial cell area, and number of cell 
mitoses were lower in pigs fed raw pigeon 
pea seed meal than in untreated controls, 
but values of these parameters were higher 
in groups of pigs fed heated pigeon pea 
seed meal than in pigs fed raw pigeon pea 
seed meal.24 Neither villus height nor 
crypt depth was influenced in 20-day-old 
piglets fed 0.02% dietary curcumin.7 In 
the present study, most light microscopic 
parameters did not differ, with the excep-
tion of cell mitosis numbers, which were 
higher in the 0.10% and 0.20% groups in 
the jejunum and ileum, the most absorp-
tive sections of the intestine. In a study in 
chickens after jejunal or ileal resection,2 
intestinal absorptive function was enhanced, 
and mucosal epithelial cell mitosis numbers 
were higher than in the control. In addition, 
villus-to-crypt ratio was higher in the experi-
mental groups. It is reported that an increase 
in the villus-to-crypt ratio corresponds to an 
increase in digestion and absorption,2 and 
that maximum digestion and absorption 
occur at an increasing distance along the 

crypt:villus axis in the weaned pig.26 These 
results and related reports suggest that the 
intestinal villi would be hypertrophied in pigs 
treated with  turmeric.

More protuberant cells were seen among 
the epithelial cells on the villus apical surface 
in the three dietary turmeric groups than in 
the control group. In addition, cell clusters, 
which are accumulations of protuberant 
cells, appeared in the 0.20% turmeric group. 
These protuberant cells have been observed in 
chickens2 and piglets27,28 in association with 

high digestibility of nutrients, and cell clusters 
were observed in the intestines of chickens 
with greater BW gain than the controls,29 
suggesting that intestinal epithelial cells may 
hypertrophy when turmeric is fed. Hypertro-
phy of epithelial cells might be induced by 
the improved intestinal lumen environment 
associated with the medicinal functions of 
turmeric, eg, antifungal, 4 immunomodula-
tory,5 and antioxidative  activities.3

The results of this study suggest that feed-
ing turmeric to growing swine stimulates 
function of the intestinal epithelial cells, 
and absorbed turmeric may enhance hema-
tological values with resulting optimization 
of general  health.

Implications
•	 Dietary turmeric promotes nutrient 

digestibility, enhances hematological 
values, and induces hypertrophy of 
intestinal mucosal epithelial cells in 
growing  pigs.
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Table 5: Growth performance in pigs fed diets supplemented with turmeric at 
0.00% , 0.05%, 0.10%, and 0.20% at the nursery, grower, and finisher phases of 
production (Experiment 2)*

Dietary turmeric
SEM

P†
0.00% 0.05% 0.10% 0.20% Linear Quadratic

Average daily feed intake (kg)
Nursery pigs 1.05 1.11 1.06 1.09 0.02 > .05 >  .05
Growing pigs 1.66 1.75 1.56 1.78 0.03 > .05 > .05
Finishing pigs 2.31 2.40 2.30 2.29 0.05 > .05 > .05
Overall 1.71 1.78 1.69 1.76 0.02 < .05 > .05
Average daily gain (kg)
Nursery pigs 0.52 0.50 0.48 0.51 0.01 > .05 > .05
Growing pigs 0.66 0.74 0.72 0.71 0.02 > .05 > .05
Finishing pigs 0.67 0.79 0.73 0.74 0.03 > .05 > .05
Overall 0.63 0.69 0.65 0.67 0.01 > .05 > .05
Feed conversion ratio‡
Nursery pigs 2.02 2.22 2.21 2.14 0.06 > .05 > .05
Growing pigs 2.52 2.36 2.17 2.51 0.06 > .05 > .05
Finishing pigs 3.45 3.04 3.15 3.09 0.88 > .05 > .05
Overall 2.71 2.58 2.60 2.63 0.44 > .05 > .05

*    Study period from approximately 50 to 60 days of age to approximately 175 to 185 
days of age.  Controls received the basal diet (described in Table 1) unsupplemented 
with turmeric. Two castrated males and two females per treatment group; one replicate 
was represented by one male and one female per treatment group, with four replicates 
performed. Nursery pigs weighed 15-30 kg, growing pigs weighed 31-60 kg, and finish-
ing pigs weighed 61-90 kg.

†    Linear and quadratic polynomial contrasts were used to determine the effects of increasing 
levels of dietary turmeric.

‡    Feed conversion ratio = feed intake (kg) ÷ body weight gain (kg).
SEM = standard error of the mean
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Table 6: Hematological and biochemical values in growing pigs fed 0.00%, 0.05%, 0.10%, and 0.20% dietary turmeric 
(Experiment 2)*

Parameters
Dietary turmeric

SEM
P†

0.00% 0.05% 0.10% 0.20% Linear Quadratic
Hematocrit (%)‡
40 kg BW 0.38 0.41 0.43 0.47 0.010 > .05 > .05
80 kg BW 0.53 0.48 0.44 0.52 0.010 > .05 < .01
Total white blood cells (×109 cells/L)‡
40 kg BW 0.10 0.06 0.11 0.09 0.010 > .05 > .05
80 kg BW 0.14 0.18 0.37 0.43 0.030 < .001 > .05
Neutrophils (×109 cells/L)
40 kg BW 0.06 0.03 0.06 0.04 0.003 > .05 > .05
80 kg BW 0.35 0.08 0.17 0.16 0.010 < .01 > .05
Eosinophils (×109 cells/L)
40 kg BW 0.001 0.001 0.002 0.003 0.0030 > .05 > .05
80 kg BW 0.005 0.005 0.013 0.024 0.0020 < .001 < .05
Basophils (×109 cells/L)
40 kg BW 0.001 0.003 0.005 0.004 0.0004 > .05 > .05
80 kg BW 0.006 0.006 0.020 0.019 0.0020 < .001 > .05
Monocytes (×109 cells/L)
40 kg BW 0.009 0.006 0.015 0.006 0.0010 > .05 > .05
80 kg BW 0.011 0.016 0.039 0.034 0.0040 < .01 > .05
Lymphocytes (×109 cells/L)
40 kg BW 0.03 0.02 0.04 0.04 0.003 > .05 > .05
80 kg BW 0.05 0.07 0.13 0.19 0.010 < .001 > .05
N:L ratio
40 kg BW 0.02 0.02 0.02 0.01 0.002 > .05 > .05
80 kg BW 0.02 0.01 0.01 0.01 0.001 > .05 > .05
Plasma triglycerides (mmol/L)¶
40 kg BW 1.85 1.65 2.35 1.21 0.160 > .05 > .05
80 kg BW 1.01 2.00 1.89 1.89 0.150 < .05 > .05
Plasma cholesterol (mmol/L )¶
40 kg BW 4.33 3.86 4.20 4.25 0.130 > .05 > .05
80 kg BW 3.39 3.65 3.83 3.73 0.070 < .001 < .001

*    Study described in Table 5. Four replicates performed per group, with two castrated males and two females per group in each replicate. 
Blood samples were collected by jugular venipuncture into evacuated tubes containing EDTA.

†    Linear and quadratic polynomial contrasts were used to determine the effects of increasing levels of dietary turmeric.
‡    Hematocrit was determined by the microhematocrit method, and white blood cells were counted using the chamber method and a light 

microscope.
¶   Plasma triglycerides and cholesterol were assayed using a colorimetric method (Biotech Reagent, Bangkok, Thailand).
SEM = standard error of the mean; BW = body weight; N:L = neutrophil to lymphocyte ratio.


