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Abstract

The aim of this study was to assess the effects of graded levels (0, 3, 6, 9 and 12 g/kg) of

dry Sea buckthorn (SB) berries on growth performance, gastrointestinal tract (GIT) develop-

ment, jejunal histomorphology, bird antioxidant status and caecal short-chain fatty acid con-

centration when fed to female Ross 308 broiler chickens. In addition, expression of

cytokine biomarker genes in the jejunum was evaluated. The five experimental diets were

fed from 7 to 21 days age to 8 pens (two birds in each) following randomisation. Feeding

SB did not influence bird growth performance (p > .05). There was a linear decrease in

butyric, acetic and valeric acid concentrations in caecal digesta (p < .05) and a decrease

(p < .05) in crypt depth. The expression of IFNG and CD40LG responded quadratically

(p < .05), peaking at 6–9 g/kg dietary inclusion of SB, respectively. Other studied variables

were not affected by dietary SB inclusion (p > .05). Feeding dry SB berries up to 12 g/kg of

diet did not improve the zootechnical variables of healthy commercial-strain broilers in this

study.
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1 | INTRODUCTION

The use of medicinal plants, such as herbs, spices and their extracts in

poultry feed, is popular for their beneficial applications relating to

immunomodulation and their natural antioxidant activity (Pirgozliev

et al., 2021; Whiting et al., 2022; Yeung et al., 2019). Sea buckthorn

(Hippophaes rhamnoides; SB), is a thorny, dioecious plant which usually

grows in dry areas (Biswas et al., 2010). The berries of SB contain vari-

ous active components, including vitamins, phenols, terpenes and tan-

nins that have been used for medicinal and nutritional purposes in

Europe and Asia for many centuries (Biswas et al., 2010).

SB has been used as a poultry feed supplement (Biswas

et al., 2010; Pirgozliev et al., 2022), but the growth response of birds

is variable and inconsistent between experiments. In some studies,

feeding SB flavones improved broiler performance (Ma et al., 2015); in

other studies, it reduced feed intake (FI; Zhao et al., 2012), or even

lowered overall bird performance (Ben-Mahmoud et al., 2014).

Research by Tkacz et al. (2019) and Tudor et al. (2019) showed that

SB berries are rich in antioxidants and other bioactive ingredients,

although their impact on the antioxidant status of poultry needs fur-

ther investigation (Hsu et al., 2009; Solcan et al., 2013). There is also

limited information on the impact of SB on gastrointestinal tract (GIT)

development and caecal fermentation when fed to broiler chickens

(Panaite et al., 2022; Umirbekova et al., 2019). Increasing evidence

suggests that through interactions with the immune system, flavones

of SB can modulate immune responses (Diandong et al., 2016; Mishra
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et al., 2008). Since antibiotics should not be prescribed to promote

animal growth, or substitute for poor husbandry/ hygiene, dietary

immunomodulation is a key tool contributing to the enhancement of

productivity and supporting gut health of farm animals (Kumar

et al., 2011; Munyaka et al., 2012).

The mode of action and efficacy of dietary SB in relation to poul-

try gut health and production performance appears to be poorly

understood and inconsistent. Thus, the primary objectives of this

study were to compare broiler growth performance, including FI,

weight gain (WG) and feed conversion ratio (FCR) and antioxidant sta-

tus when feeding graded levels of a well-characterised sample of dried

SB berries. GIT development, jejunal histomorphology and short-chain

fatty acid (SCFA) concentrations in caecal digesta were also evaluated.

In addition, the experiment examined the effect of SB on local expres-

sion of biomarker genes in the jejunum that may indicate modulation

of the immune response and intestinal health of growing commercial-

strain broiler chickens.

2 | MATERIALS AND METHODS

2.1 | Diets

Five wheat-maize-soy-based diets were offered to the birds during the

experiment from 7 to 21 days age. The basal diet was formulated to

meet breeder's recommendations (Aviagen Ltd.; Table 1). The basal diet

was then split into five batches, and one of the batches was used as a

control diet (C). The remaining four diets were the C supplemented with

dry and milled SB berries at 3, 6, 9 or 12 g/kg at the expense of the basal

diet. The SB berries were collected from the Troyan region of the Balkan

Mountains, Bulgaria. Whole berries were air-dried and then preserved

frozen (�20�C) for 3 months before being used in the experiment.

2.2 | Animals and experimental design

The study procedures were approved by Harper Adams University

Reserach Ethics ommittee and reportted here in accordance with the

ARRIVE 2.0 quidelines (Percie du Sert et al., 2020). Ninety-day-old

female Ross 308 broiler chicks were obtained from a commercial

hatchery (Cyril Bason Ltd.). On arrival, the chicks were housed in a

concrete-based common floor pen measuring 140 cm � 150 cm, bed-

ded with wood shavings, and fed a wheat-based proprietary starter

mash until 7 days of age. Experimental diets were offered at 7 days of

age, when 80 birds, excluding ill and malformed, were individually

weighed and distributed into 40 cardboard bedded pens

(0.4 m � 0.4 m; two birds per pen). Each diet was offered ad libitum in

meal form to birds in eight pens following randomisation (with spatial

blocking) using a random number generator. Rearing conditions met

breeders' recommendations (Aviagen Ltd.). The experiment continued

for 14 days, from 7 to 21 days of age. FI, WG and FCR of each pen

(unit of replication) were determined for the experimental period.

Birds were monitored regularly to ensure health and welfare. Sample

size was determined a priori to detect a 5% difference in WG based

on the method of Berndtson (1991).

2.3 | Sample collection

Bird FI, WG and FCR were determined on a pen basis at 7 and 21 days of

age. At the end of the study, one bird per pen, selected at random, was

electrically stunned and blood from the jugular vein was collected directly

into heparin-coated tubes (BD Vacutainer®). The GIT organs, including the

proventriculus and gizzard (PG), duodenum, pancreas, jejunum, ileum, ceca

and liver, were weighed. Approximately 3 cm of the middle part of the

jejunum, between the point of bile duct entry and Meckel's diverticulum,

of each bird was fixed in 10% neutral buffered formalin for 24 h, before

further processing and analysis of morphometry. Samples from the same

part of the jejunum of each bird were collected and stored in RNAlater®

(Sigma-Aldrich) at �80�C before RNA extraction. Individual bird liver was

weighed, freeze-dried, milled and stored at�80�C before antioxidant anal-

ysis. A pooled digesta sample from both ceca was collected from one bird

in each pen, freeze-dried and stored at �80�C for SCFA analysis.

TABLE 1 Ingredient composition (g/kg ‘as fed’) of the basal diet.

Ingredient Composition g/kg (8–21 days)

Maize 381.90

Wheat 200.05

Rapeseed ext ‘00’ 50.00

Soya hipro 290.04

Soya oil 35.00

Lysine 3.00

Methionine 3.00

L Threonine 1.00

Monocal phosphate 15.00

Limestone 12.50

Salt 2.00

Sodium bicarbonate 2.50

Vitamin/mineral premixa 4.00

Phytase (Quantum Blue 5 g) 0.01

1000

Calculated composition

Metabolisable energy (MJ/kg) 12.69

Crude protein (g/kg) 211.1

Lysine (g/kg) 13.9

Methionine + cysteine (g/kg) 9.6

Calcium (g/kg) 9.7

Available phosphorus (g/kg) 4.8

Sodium (g/kg) 1.7

aProvided per kg feed: 2160 μg retinol, 75 μg cholecalciferol; 25 mg

α-tocopherol, 1.5 mg menadione, 5 mg riboflavin, 8 mg pantothenic acid,

10 μg cyanocobalamin, 1.5 mg pyridoxine, 1.5 mg thiamine, 0.5 mg folic

acid, 30 mg niacin, 60 μg biotin, 0.8 mg I, 10 mg Cu, 80 mg Fe, 0.3 mg Se,

80 mg Mn and 80 mg Zn (Target Feeds Ltd., Whitchurch, UK).
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2.4 | Analysis of dietary nutrients and antioxidants

Dry matter (DM) and proximate analysis (crude protein, oil as

ether extract and gross energy [GE]), in feed and SB samples were

determined as previously described (Whiting et al., 2022; Yang

et al., 2020). Non-starch polysaccharides (NSP) content in the

basal diet and SB samples were determined following the methods

of Englyst et al. (1994). Minerals in the basal diet and SB samples

were determined following the method described by Tanner

et al. (2002).

Determination of carotenoids, vitamin E and coenzyme Q10 in

feed and liver samples was analysed as per Karadas et al. (2014).

The glutathione peroxidase (GSH-Px) concentration in blood

plasma was measured following manufacturer recommendations

(Randox Laboratories Ltd.).

2.5 | GIT development, jejunal morphometry and
SCFAs in caecal digesta

Following humane killing, morphometric measurements, empty

weight of GIT segments and liver weight of birds were obtained

(Abdulla et al., 2016; Woods et al., 2021). Caecal digesta SCFA

concentrations were analysed as described in Pirgozliev

et al. (2021).

2.6 | Total RNA extraction, reverse transcription
and quantitative real-time PCR

Extraction of RNA from macro-dissected jejunal tissue, subse-

quent reverse transcription and quantitative real time PCR were

performed as per Pirgozliev, Mansbridge, Rose, Lillehoj, et al.

(2019) with the following modifications: homogenisation used

600 μL QIAzol lysis reagent; lysates were centrifuged for 5 min at

room temperature to pellet debris (no chloroform or pegGold Pha-

seTrap steps); RNA integrity (RIN) was >9 for all samples; 500 ng

of RNA were reverse transcribed; reactions were pipetted roboti-

cally using a CAS-1200™ (Corbett Life Science); amplification

parameters were: 95�C for 5 min followed by 40 cycles of 95�C

for 5 s, 60�C for 1 s in a Rotor-Gene Q (Qiagen); genes of interest

included cytokine/immune-related (CD40LG, IFNG, IL2, IL4, IL6,

IL10 and IL18), mucin (MUC2) and tight junction related (CLDN4

and OCLN); additional assays (Table 4) were designed by qStan-

dard (www.qstandard.co.uk) and were tested for specificity by

electrophoresis, efficiency >95%, sensitivity to 10 copies/rxn, and

linearity over 7 log by qPCR; three reference genes were identi-

fied (ACTB, B2M and PPIA).

2.7 | Statistical analysis

Data were analysed using Genstat (18th Edition) statistical soft-

ware (IACR Rothamsted). Comparisons among studied variables

were performed by one-way ANOVA (with spatial blocks) incor-

porating orthogonal polynomial contrasts for linear (L) and qua-

dratic (Q) responses to graded levels of SB in diets. In all

instances, differences were reported as significant at p < .05. All

data were checked for homogeneity of variances and normality

before ANOVA.

3 | RESULTS

No mortalities occurred during the study. There were no significant

differences in live weight at 7 days old (156.4 ± 11.09 g) across the

treatment groups, before study commencement.

The analysed chemical composition of SB and the basal diet are

presented in Tables 2 and 3. Feeding SB did not influence (p > .05)

any of the growth performance variables (Table 3). There were no

(p > .05) deviations from linear and quadratic relationships for any

studied variable. Feeding SB did not affect (p > .05) the relative weight

of GIT organs (Table 5). There was a linear increase in crypt depth

(CD) (p < .05) with SB inclusion level and overall linear decrease in vil-

lus height/crypt depth ratio (VH:CD) (Table 6). Feeding SB did not

change the hepatic antioxidants or the concentration of blood plasma

GSH-Px (p > .05) (Table 7). Increasing the dietary levels of SB linearly

reduced (p < .05) the concentration of caecal acetic acid (AA), butyric

acid (BA) and valeric acid (VA), but did not affect propionic acid

(PA) (p > .05) (Table 8).

Genes for IL2, IL4, IL6, IL10 and CLDN4 either failed to amplify

or were below the detection limit and are not included in the results.

One sample failed the QC and was excluded from all analyses.

CD40LG gene expression (copies per reaction) responded quadrati-

cally (p = .033), peaking at 9 g/kg SB inclusion (Table 9). Similarly,

IFNG gene expression also responded quadratically (p = .034), peak-

ing at 6 g/kg. There were no effects of SB dietary inclusion on cyto-

kine gene (IL18), mucin (MUC2) or tight junction (OCLN) expression

(Table 8).

TABLE 2 Determined chemical composition of basal diet and
dried Sea buckthorn (SB) berries.

Determined values Basal diet SB

Dry matter (g/kg) 884 903

Gross energy (MJ/kg) 16.89 23.62

Crude fat (g/kg) 62 233

Crude protein (g/kg) 214 180

Coenzyme Q10 (μg/g) 1.3 3.1

Vitamin E (μg/g) 34.4 45.0

Total carotenoids (μg/g) 2.6 346.8

Ca (g/kg) 11.90 0.73

P (g/kg) 8.07 2.18

PIRGOZLIEV ET AL. 3
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4 | DISCUSSION

All birds remained healthy during the study. However, their weight

was 19.5% below the Ross 308 female broiler target weight, possibly

due to being fed mash rather than pelleted feed and being kept in

small groups (Pirgozliev et al., 2016; Yang et al., 2020). This was not

considered to be detrimental to the experimental objectives.

The determined chemical composition of SB agreed with previous

reports (Biswas et al., 2010; Panaite et al., 2022; Tkacz et al., 2019;

Tudor et al., 2019). It is recognised that SB product composition natu-

rally varies, likely due to different climate and soil conditions, cultivars,

geographical regions, processing and laboratory analysis techniques.

The popularity of food with high antioxidant content is increasing;

thus, the observed levels of total carotenoids (347 μg/g) in SB may be

used to enhance standard poultry diets based on white maize (Ortiz

et al., 2021).

Zhao et al. (2012) found that feeding SB flavones from leaves,

included at 0.03%–0.10%, decreased daily FI without affecting the

growth performance of broilers. Ma et al. (2015), reported the oppo-

site, that supplementing SB phenols from berries from 0.05% to

0.10% increased FI and bird growth. Phenolic compounds in SB

berries may vary between 0.06% to about 0.90% (Mihova &

Ivanova, 2020; Tkacz et al., 2019). This suggests that at least in the

diets with 9 and 12 g/kg SB supplementation in the reported study,

we could expect dietary phenol levels similar to those by Zhao et al.

(2012) and Ma et al. (2015), although no growth responses were

observed. Interestingly, when incorporating 50 g/kg SB berries in

broiler diets, Ben-Mahmoud et al. (2014) reported lower performance

compared to the control. The reason for the observed inconsistency

in bird response may be due to different dietary inclusion levels and

the use of birds with different genotypes, different rearing systems,

different experimental designs and feeding berries from different

origins.

TABLE 4 RT-qPCR assaysa for quantification of gene expression in Gallus gallus jejunal tissue.

Gene symbol Gene Accession number Primer sequences (50-30) Product length, bp Location

MUC2 Mucin 2 NM_001318434 S—AGGAATGGGCTGCAAGAGAC 77 S—Exon 19

A—GTGACATCAGGGCACACAGA A—Exon 19

OCLN Occludin NM_205128 S—GTGGAGGAGTGGGTGAAGAAC 78 S—Exons 3 and 4

A—CTTCTCCGAGTAGGCAAGCGT A—Exon 4

Abbreviations: A, anti-sense primer; S, sense primer.
aPrimer sequences are provided in the interest of transparency but remain the intellectual property of qStandard (www.qstandard.co.uk).

TABLE 5 Effect of dietary Sea Buckthorn (SB) inclusion level
(g/kg) on broiler chicken growth performance from 7 to 21 days age.

Treatment BW (g/b) FI (g/b/d) WG (g/b/d) FCR

SB (g/kg)

0 776 63.5 44.3 1.436

3 761 61.0 43.3 1.414

6 772 62.2 43.8 1.421

9 775 62.9 44.1 1.425

12 748 61.6 42.3 1.455

SEM 15.7 1.25 0.92 0.0181

Probabilities

SB 0.679 0.646 0.570 0.568

L 0.399 0.623 0.299 0.411

Q 0.665 0.529 0.608 0.524

D 0.540 0.360 0.453 0.925

CV% 5.8 5.7 6.0 3.6

Abbreviations: BW, final body weight; CV%, coefficients of variation; D,

deviations; FCR, feed conversion ratio; FI, daily feed intake; L, linear

response; Q, quadratic response; SEM, pooled standard errors of mean;

WG, daily weight gain.

TABLE 3 Carbohydrates in different sugar fractions of the Sea Buckthorn (SB) berries and the basal diet (BD) (g/100 g)a

Carbohydrates rha fuc ara xyl man gal glu GlcA GalA g/100 g

Soluble NSP (SB) 0.10 0.00 0.60 0.30 0.10 0.35 0.40 0.20 1.80 3.85

Insoluble NSP (SB) 0.10 0.00 1.00 4.40 0.40 0.35 4.70 0.00 0.30 11.25

Total NSP (SB) 0.20 0.00 1.60 4.70 0.50 0.70 5.10 0.20 2.10 15.10

Soluble NSP (BD) 0.10 0.10 0.80 0.30 0.10 0.80 0.50 0.10 0.44 3.24

Insoluble NSP (BD) 0.00 0.00 1.10 1.30 0.30 0.70 2.20 0.00 0.34 5.94

Total NSP (BD) 0.10 0.10 1.90 1.70 0.40 1.50 2.80 0.10 0.78 9.38

Abbreviations: ara, arabinose; fuc, fucose; gal, galactose, GalA, galacturonic acid; GlcA, glucuronic acid; glu, glucose; man, mannose; NSP, non-starch

polysaccharides; rha, rhamnose; xyl, xylose.
aAll data are the results of a chemical analysis conducted in duplicate.

4 PIRGOZLIEV ET AL.
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The positive effects of SB on liver protection and treatment of

liver diseases is well documented (Hsu et al., 2009; Solcan

et al., 2013; Ting et al., 2011). Kalia et al. (2018) found that feeding

flavones extracted from SB improved overall antioxidative status of

broilers reared at high altitude under cold climate. Zhao et al. (2012)

reported that dietary supplementation with SB protected/decreased

the meat flavour loss in birds exposed to heat stress. Feeding SB

berries or seed oil, increased GSH-Px in the blood serum of children

suffering from diabetes (Nemes-Nagy et al., 2008) and hepatic GSH-

Px in mice with carbon tetrachloride-induced hepatic damage (Hsu

et al., 2009; Ting et al., 2011). However, the lack of response of

hepatic antioxidants and blood plasma GSH-Px to dietary SB in our

study may be explained by the good health of the birds and absence

of disease challenge in the rearing environment.

In the reported study, the length of the jejunal villi of the birds

was in the expected range for broilers of this age (Abdulla et al., 2016;

Pirgozliev, Mansbridge, Rose, Mackenzie, et al., 2019). In an experi-

ment with rats, Umirbekova et al. (2019) feeding SB berries in high-

caloric fat diets mitigated some partial destructive changes in the

small intestine linked to high-fat diets. Panaite et al. (2022) found an

increase in duodenal and jejunal VH when feeding 20 g/kg SB meal to

laying hens for 28 days. However, unlike the duodenum, there were

TABLE 6 Effect of dietary Sea Buckthorn (SB) inclusion level (g/kg) on the relative organ weight and the jejunal villus morphometry of broiler
chickens.

Treatment BW (g) PG (%) P (%) SI (%) C (%) Liver (%) VH (μm) VW (μm) CD (μm) VH:CD MLT (μm)

SB (g/kg)

0 783 2.78 0.43 4.23 0.40 2.53 1581 124 114a 13.9 132

3 821 2.86 0.46 4.01 0.47 2.75 1599 127 115a 14.0 133

6 789 2.78 0.41 4.07 0.41 2.55 1637 116 123b 13.3 134

9 795 2.75 0.43 4.08 0.43 2.61 1568 131 119ab 13.2 144

12 754 2.79 0.41 4.24 0.37 2.71 1632 116 123b 13.3 134

SEM – 0.079 0.020 0.115 0.026 0.095 19.8 4.8 2.0 0.25 3.6

Probabilities

SB – 0.875 0.404 0.518 0.089 0.393 0.075 0.126 0.004 0.113 0.154

L – 0.723 0.341 0.812 0.398 0.457 0.266 0.451 0.001 0.022 0.227

Q – 0.908 0.707 0.106 0.056 0.947 0.841 0.625 0.089 0.467 0.150

D 0.601 0.232 0.624 0.136 0.177 0.027 0.043 0.057 0.408 0.119

CV% 8.0 13.1 9.8 18.0 10.2 3.5 11.0 4.7 5.1 7.5

Abbreviations: BW, body weight of dissected birds; C, caeca; CD, crypt depth; CV%, coefficients of variation; D, deviations; L, linear response; MLT,

muscle layer thickness; P, pancreas; PG, proventriculus and gizzard; Q, quadratic response; SEM, pooled standard errors of mean; SI, small intestine; VH,

villus height; VW, villus width.
a,bMeans within a column with no common superscripts differ significantly (P < 0.05).

TABLE 7 Effect of dietary Sea
Buckthorn (SB) inclusion level (g/kg) on
hepatic and blood antioxidant
concentration of broiler chickens.

Treatment Vit E (μg/g) Q10 (μg/g) Carotenoids (μg/g) GSH-Px (U/g HB)

SB (g/kg)

0 35 360 3.7 748

3 37 316 3.5 705

6 31 347 3.6 775

9 47 353 4.3 681

12 40 365 3.5 763

SEM 4.3 23.9 0.33 30.1

Probabilities

SB 0.140 0.626 0.439 0.173

L 0.160 0.544 0.751 0.954

Q 0.772 0.330 0.570 0.452

D 0.084 0.538 0.197 0.059

CV% 31.8 19.4 25.4 11.6

Abbreviations: Carotenoids, hepatic carotenoids; CV%, coefficients of variation; D, deviations; GSH-Px,

blood glutathione peroxidase; L, linear response; Q, quadratic response; Q10, hepatic coenzyme Q10;

SEM, pooled standard errors of mean; Vit E, hepatic vitamin E.
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no significant differences in CD and VH: CD in the jejunum (Panaite

et al., 2022). Broilers in the present study fed up to 12 g/kg SB berries

did not differ in VH, unlike in the study of Panaite et al. (2022), though

there was a small increase in CD. The observed changes in CD due to

SB in the reported study were relatively small to have biological

significance.

Fermentation of dietary fibre by the microbiota in the distal part

of the small intestine and ceca produces SCFA that has been related

to overall gut health and small intestinal villus development (Thanh

et al., 2009). Panaite et al. (2022) found that the inclusion of SB meal

in laying hen diets increased the relative abundance of Lactobacillus

spp., which could explain the linear reduction in acetic acid and

increase in CD in the present study, as it is metabolised to lactic acid.

The corresponding reduction in Bacteroidetes relative abundance

(Panaite et al., 2022), may also account for the linear reduction in

acetic acid in the present study confirming that SB addition may mod-

ulate intestinal morphology and hind gut bacterial fermentation in

poultry.

In porcine IPEC-J2 cells, cytokine expression has been shown to

be dose-dependent on SB polysaccharides (Zhao et al., 2020). We

have also previously shown that supplemental phytogenic feed addi-

tives modulate CD40LG expression of caecal tonsil tissue (Pirgozliev,

Mansbridge, Rose, Lillehoj, et al., 2019). In the present study, although

there is not enough evidence that SB inclusion modulated immune

cytokine expression (IFNG and CD40LG), there was a quadratic peak

in these jejunal tissue cytokine expression at 6 and 9 g/kg diet,

respectively. This peak in CD40LG and IFNG could indicate immuno-

modulation and a pro-inflammatory effect. Similarly, Patial et al.

(2013) reported mild swelling and hyperplastic changes in the lining

epithelial cells of villi in the jejunum of Japanese quail (Coturnix

TABLE 8 Effect of dietary Sea
Buckthorn (SB) inclusion level (g/kg) on
the caecal production of short-chain fatty
acids (mmol/L) in 21-day-old broiler
chickens.

Treatment Acetic acid Butyric acid Valeric acid Propionic acid

SB (g/kg)

0 378 56 6 48

3 286 57 6 36

6 256 48 4 44

9 220 40 3 40

12 188 26 1 35

SEM 52.2 9.7 1.1 5.6

Probabilities

SB 0.132 0.162 0.031 0.412

L 0.012 0.017 0.002 0.203

Q 0.566 0.444 0.567 0.969

D 0.925 0.974 0.844 0.316

CV% 55.6 60.7 77.4 38.8

Abbreviations: CV%, coefficients of variation; D, deviations; L, linear response; Q, quadratic response;

SEM, pooled standard errors of mean.

TABLE 9 Effect of Sea Buckthorn
(SB) inclusion level (g/kg) on jejunal gene

expression Log10 normalised copy
number per reaction (normalised copy
number per reaction), when fed to broiler
chickens from 7 to 21 days age.

SB inclusion
(g/kg) CD40LG IFNG IL18 MUC2 OCLN

0 1.61 (41.1) 1.56 (38.5) 2.43 (279) 3.12 (1424) 2.88 (920)

3 1.63 (42.6) 1.69 (50.2) 2.62 (414) 3.34 (2261) 2.94 (914)

6 1.74 (55.5) 1.84 (72.8) 2.52 (340) 3.17 (1786) 3.05 (1631)

9 1.76 (60.1) 1.71 (56.6) 2.57 (383) 3.08 (1308) 3.01 (1208)

12 1.62 (42.2) 1.56 (40.6) 2.56 (390) 3.28 (1962) 3.23 (1814)

SEM 0.047 0.0954 0.066 0.111 0.1533

p Value

SB 0.093 0.247 0.383 0.447 0.585

L 0.309 0.92 0.321 0.852 0.143

Q 0.033 0.034 0.338 0.94 0.764

D 0.245 0.756 0.321 0.179 0.808

CV% 5.6 11.4 5.2 6.9 10.1

Abbreviations: CV%, coefficients of variation; D, deviations; L, linear response; Q, quadratic response;

SEM, pooled standard errors of mean.
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japonica) supplemented with 2% powdered SB leaves compared to

unsupplemented control-fed birds. In general, SB dietary inclusion in

the present study did not significantly influence cytokine, mucin or

tight junction gene expression. Based on the data, it is likely SB is safe

for dietary inclusion at the levels studied but may not always be effi-

cacious at improving the performance of healthy birds.

5 | CONCLUSIONS

It is concluded that the inclusion of dried SB berries at levels of

between 3 and 12 g/kg diet, did not significantly affect broiler chicken

growth performance, antioxidant status or intestinal health, with the

exception of increased jejunal crypt depth and linear reductions in

caecal concentrations of acetic, butyric and valeric acids. Research

with higher dietary SB inclusion levels and/or SB extracts focusing on

microbiome and immunomodulation may be warranted due to the

inconsistency of study reports.
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