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Effect of Varying Proportions of Lignin and Cellulose Supplements on

Immune Function and Lymphoid Organs of Layer Poultry (Gallus gallus)
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To determine the benefits of different types or proportions of insoluble fiber components on growth and
immunity, 4-week-old commercial layer pullets were fed supplements containing different proportions of purified
lignin and cellulose or a commercial lignocellulose supplement. The 64 Hy-Line Brown pullets were provided basal
diets supplemented with 1 g fiber per 100 g diet. The supplements included a commercial lignocellulose, Arbocel®

RC fine (group A) with cellulose to lignin ratio of approximately 3:1, cellulose (group Ce), a 3:1 mixture of cellulose:
lignin (group Ce3Lig1), and a 2:1 mixture of cellulose: lignin (group Ce2Lig1). After 3 weeks, innate immune func-
tion was measured in terms of heterophil phagocytosis and oxidative burst (n＝8). After 4 weeks, ex vivo stimulated
lymphocyte proliferation was determined for assessment of cell-mediated immune function (n＝7). All pullets were
killed at 9 weeks of age and lymphoid organs were weighed (n＝16) and small intestinal Peyer’s patches (PP) were
measured (n＝8). Pullets in both A and Ce3Lig1 groups had heavier (P＜0.05) body and bursa of Fabricius weights.
The number of PP in group A was higher (P＜0.05) than in group Ce. The percentage of heterophil phagocytosis in A
and Ce3Lig1 groups were higher (P＜0.05) than in group Ce, and oxidative burst of group A was higher (P＜0.05)
than that of group Ce. Addition of 1% Arbocel or 1% Ce3Lig1 to the diet of layer pullets from 4 to 9 weeks of age
significantly improved their growth and innate immune function compared to group Ce. This suggests that lignin
either modulates the effect of cellulose or has specific mechanisms of action in the gut that improves growth and
immunity. The proportion of lignin to cellulose may also be important for growth and immune function.
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Introduction

The potential of dietary insoluble fiber (IF) to improve
immunity of poultry has been extensively investigated in the
past decade. Although different feed ingredients or supple-
ments have been used as dietary sources of IF (McReynolds
et al., 2009; Faber et al., 2012; Jiang et al., 2014; Sadeghi et
al., 2015; Hussein et al., 2017), the chemical composition
and proportions of the main IF components, namely, lignin
and cellulose, in these ingredients vary considerably (Bach
Knudsen, 1997).
Lignin and cellulose exert beneficial prebiotic effects on

the bacterial species and structure of the intestinal tract of
poultry (Ricke et al., 1982; Yu et al., 1998; Cao et al., 2003;
Shakouri et al., 2006; Baurhoo et al., 2007, 2008; Faber et

al., 2012; Bogusławska-Tryk et al., 2015). The phenolic
units of purified lignin possess antimicrobial characteristics,
and lignin has a beneficial effect on the production and health
of broilers (Baurhoo et al., 2008). Compared to the un-
supplemented controls, lignin affected the gut-associated
lymphoid tissue of poultry by increasing CD4+ and CD8+

lymphocyte subpopulations in the duodenum (Revajová et

al., 2013). Cellulose as a feed supplement increases the
population of beneficial intestinal microflora and decreases
the number of harmful microorganisms, thereby reducing the
deleterious effects of potential pathogens in poultry (Cao et

al., 2003; Shakouri et al., 2006; Saki et al., 2010).
We recently showed that supplementing the diet of layer

pullets with two commercial lignocellulose products of
different fiber compositions elicited beneficial but different
effects on heterophil function, lymphocyte proliferation, and
the number of Peyer’s patches (PP) (Hussein et al., 2017).
However, the effects of feeding IF supplements containing
different proportions of purified lignin and cellulose on the
immune functions of layer pullets have not been investigated.
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Therefore, we aimed to determine whether different pro-
portions of lignin and cellulose added to the diets of 4-week-
old Hy-Line Brown layer strain pullets elicit similar immune
responses to those produced by the commercial lignocellu-
lose supplement, Arbocel® RC fine (Hussein et al., 2017).

Materials and Methods

Experiment Design, Management, and Diets

Sixty-four 4-week-old healthy Hy-Line Brown pullets
were randomly selected from a single shed on a commercial
farm. The pullets were weighed, leg-banded, and randomly
placed into 16 pens (1.8m long×0.9m wide×1.8m high)
with slatted floors. All pens were located in one insulated
closed shed ventilated with a permanent vent in the roof ridge
and an evaporative ventilation and cooling system with in-
ternal distribution via an overhead sausage. The shed had an
ambient temperature between 20 to 23℃ and light interval of
12 h from 07:30 to 19:30 h. The pullets had access to fresh
water and food at all times.
The four treatment groups of 16 birds each, with four

pullets/pen were fed the same basal diet. Pullet starter diet
and grower diet were fed from 4-8 weeks and 8-9 weeks of
age, respectively (Table 1, BarastocTM Chick Starter feed and
BarastocTM Pullet Grower feed, Ridley AgriProducts Pty
Ltd., Australia, http: //www.agriproducts.com.au). For the
four dietary treatments, 1 g of different IF supplements were
added to 100 g of the commercial basal diets. The group A
(the standard or control treatment group) diet was supple-
mented with the lignocellulose product, Arbocel® RC fine (J.
Rettenmaier and Söhne GmbH and Co., Rosenberg, Ger-
many. Manufacturer’s analyses: 65-70 g crude fiber/100 g,
high in insoluble cellulose and ＞20 g lignin/100 g) and that
of Group Ce was supplemented with cellulose (JustFiber®

20, C4042C (100% cellulose), Agri Food Ingredients, N G
Alexander and Co. Pty Ltd, Kew East, Victoria, Australia).
The group Ce3Lig1 diet was supplemented with 3:1 cellu-
lose: lignin mixture and that of group Ce2Lig1with 2:1
cellulose: lignin mixture. The lignin used was annual fiber
soda pulped lignin, which contained ＞98 g lignin/100 g
(ProtobindTM 1000, Greenvalue, SA, USA), and was kindly
supplied by Les Edye and Albert Tietz, BioIndustry Partners
Pty Ltd, Nerang Business Centre, Queensland, Australia.
The crude fiber concentrations (g/100 g diet) analyzed by

FeedTest (Agrifood Technology Pty Ltd., Victoria, Austra-
lia) were A, 3.11; Ce, 3.44; Ce3Lig1, 3.44; Ce2Lig1, 3.43 in
the four starter diets, and A, 5.29; Ce, 5.62; Ce3Lig1, 5.62;
Ce2Lig1, 5.61 in the four grower diets.
Sample Collection and Lymphoid Organ Measurements

Three weeks after starting the experiment, eight blood
samples per treatment (two/pen) were collected for measure-
ment of two heterophil innate immune functions, namely,
phagocytosis and oxidative burst. Four weeks after starting
the experiment, seven blood samples per treatment (1-2/pen)
were collected from pullets other than those used previously,
for measurement of cell-mediated immune function by
mitogen-stimulated lymphocyte proliferation in isolated lym-
phocytes. After five weeks, all pullets were killed with an
overdose of Lethabarb (Virbac Animal Health, Milperra,
NSW, Australia). The lymphoid organs from all pullets were
weighed and the combined jejunum and ileum from eight
pullets/treatment were collected and stored at −20℃ for PP
measurements.
For PP measurements, the thawed intestines were soaked

in an aqueous solution of 5ml acetic acid/100ml deionized
water, stained with an aqueous solution of 0.5 g polychrome
methylene blue (Amber Scientific, Australia)/100ml (Cornes,
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Table 1. Chemical composition (g/100 g) of Barastoc Chick Starter

and Pullet Grower feeds (Manufacture’s information
1
)

Chemical composition2 Chick Starter Pullet Grower

Dry matter 86 86
Moisture 14 14
Protein 19 .5 15 .5
Fat (minimum) 2 .5 2 .5
Fiber (maximum) 6 8
ME MJ/kg3 11 .92 11 .30
Salt (added maximum) 0 .3 0 .3
Total phosphorous (minimum) 0 .65 0 .64
Available phosphorous (minimum) 0 .5 0 .5
Calcium (minimum) 1 1

1 - Ridley AgriProducts Pty Ltd., Pakenham, 3810, Australia.
2 - Feed analysis and ingredients were obtained from the manufacturer but the
quantities used were not disclosed for maintaining confidentiality.
3 - Converted from kcal/kg by multiplying by 4.184.
Ingredients used were: wheat, barley, field peas, meat and bone meal, beef tallow,
canola meal expeller, soybean meal, canola seed, Millrun wheat by-product mix,
oat hulls, limestone, mono-dicalcium phosphate (Biofos MDCP), salt, sodium
bicarbonate, choline chloride, methionine, lysine, vitamin and mineral premix,
phytase, and xylanase.



1965), and photographed. The number of PP in each intes-
tine was recorded from the images and the surface areas of
PP ＞1mm2 were measured (Hussein et al., 2017) using the
AutoCAD® computer software (Autodesk AutoCAD® Design
Suite, 2014, USA). The total areas of PP were calculated for
each sample, which were expressed relative to the surface
area of the combined jejunum and ileum.
Experimental procedures were approved by the Animal

Ethics Committee of La Trobe University (approval number
LTU AEC14-52).
Measurement of Heterophil Phagocytosis and Oxidative

Burst

The methods used have been described in detail in Hussein
et al. (2017) and are briefly described here. Heterophils
were isolated using a discontinuous gradient of Histopaque-
1077® (number 10771, Sigma-Aldrich, Castle Hill, NSW,
Australia) layered over Histopaque-1119® (number 11191,
Sigma-Aldrich), and viability was determined by the trypan
blue exclusion method. On the day of isolation, phagocyto-
sis of latex beads (1.1 μm mean particle size, number: LB11,
Sigma-Aldrich) was performed in duplicate in sterile, 4-
chamber cover glass slides (Lab-TekTM II CC2, Thermo
Fisher Scientific Australia Pty Ltd). After 30min incuba-
tion, the slides were stained with Wright’s stain and ex-
amined under oil-immersion microscopy. Phagocytosis in-
dex (PI) was calculated as the total number of latex beads
phagocytized by the first 100 heterophils counted, and phago-
cytosis percentage (% P) was calculated as the proportion of
100 heterophils that phagocytized at least one latex bead.
On the same day, oxidative burst was measured after in-

cubating heterophils with the mitogen, phorbol 12-myristate
13-acetate (PMA, number P8139, Sigma-Aldrich) and sub-
strate 2′, 7′-dichlorofluorescin diacetate (number D6883,
Sigma-Aldrich) for 1 h. Intensity of the fluorescent product
2′, 7′-dichlorofluorescein was determined using a fluores-
cence microplate reader (EnSpire®, PerkinElmer Co, USA)
at 485-nm excitation and 530-nm emission. Results were
expressed as ΔRFU, a change in relative fluorescent units
(RFU) of PMA-stimulated cells compared to the RFU of
non-stimulated cells (Wan et al., 1993; He et al., 2007).
Measurement of Lymphocyte Proliferation

The methods used have been described in detail in Hussein
et al. (2017) and are briefly described here. Lymphocytes
were separated from peripheral blood using Histopaque-
1.077® and the viability of isolated cells was determined by
trypan blue exclusion. Mitogen-stimulated proliferation of
lymphocytes was assessed using concanavalin A (ConA, 2.5
μg/ml) from Canavalia ensiformis (Type: IV-S, product no.
C5275, Sigma-Aldrich) as a T-lymphocyte agonist, lipopoly-
saccharide (LPS, 3.125 μg/ml) from Escherichia coli 055:B5
(product no. L6529, Sigma-Aldrich) as a B-lymphocyte
agonist, and PMA (1.25 μg/ml) as a T and B lymphocyte
stimulating agonist (Palacios et al., 2007). After incubating
lymphocytes for 2.5 days, alamarBlue® (BUF012B, AbD
Serotec, Oxford, UK) was added and incubated for 8 h. Fol-
lowing reduction of alamarBlue®, absorbance was measured
at 570 nm and 600 nm using an EnSpire® microplate reader.

Proliferation was expressed as a proportionate increase in the
number of mitogen-stimulated lymphocytes relative to non-
stimulated lymphocytes.
Statistical Analysis

There were no significant differences in the mean body
weights among the four pens within the same treatment, and
therefore, all data were analyzed on an individual bird basis.
All normally distributed data were analyzed using one-way
analysis of variance (ANOVA); means were compared using
Tukey’s multiple range test (IBM SPSS 23.0 for Windows,
USA) when there was a significant difference among treat-
ment. Non-parametric Kruskal-Wallis one-way analysis of
variance was used to analyze data that were not normally
distributed. Mann-Whitney U test was used to compare the
means (Gibbons and Chakraborti, 2011) if there were sig-
nificant differences. P＜0.05 indicated statistical signifi-
cance.

Results and Discussion

Lymphoid Organs

The absolute weights of the bursa of Fabricius were higher
(P＜0.05, n＝8) in groups A and Ce3Lig1 than in group Ce,
but not in group Ce2Lig1 (Table 2). The weights and re-
lative weights (RW, g/100 body weight (BW)) of other lym-
phoid organs also differed, although not significant; the
absolute weights of the thymus, spleen, and cecal tonsils, and
the RW of the bursa, thymus, and spleen of group A were
heavier than those of group Ce; the absolute weights of the
thymus and cecal tonsils and the RW of bursa, thymus, and
cecal tonsils of group Ce3Lig1 were heavier than those of
group Ce; the bursal absolute weight of group Ce2Lig1 was
heavier, although not significantly, than that of group Ce
(Table 2).
The reported effects of different sources of IF on the

lymphoid organs of poultry vary (Zhang et al., 2008; Akhtar
et al., 2012), which suggests that differences in the chemical
composition of IF can affect the growth of lymphoid organs
differently. However, we could not identify the specific
causes contributing to the differences in treatments with
different types or proportions of lignin, cellulose, or other
lignocellulose compounds; nonetheless, lymphoid organ de-
velopment may be affected, for example, by changes in the
proportions of beneficial and pathogenic microorganisms in
the gut (Baurhoo et al., 2007; McReynolds et al., 2009;
Bogusławska-Tryk et al., 2015), and improvements in amino
acid absorption (Farran et al., 2017) may increase avail-
ability of arginine (Kwak et al., 1999) and threonine (Corzo
et al., 2007), thereby improving lymphoid organ growth.
The weights (0.94±0.04 g) and RW (0.11±0.01 g/100 g

BW) of the bursa of Fabricius in the 9-week-old pullets in
this study were 77% and 81% lower than those (4.1±0.15 g
and 0.58±0.02 g/100 g BW) observed previously (Hussein et
al., 2017) in 8-week-old pullets of the same strain reared
from 4 weeks of age under the same conditions and fed the
same basal diet and batch of Arbocel® supplement. In con-
trast to the bursae, the weights and RW of the thymus and
spleen in this study were only lower by 14-30% of those
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observed previously (Hussein et al., 2017). The weight dif-
ferences in the bursae are unlikely to be the result of in-
volution due to the age difference of only one week in the
two batches of pullets: the growth rate of the bursa starts to
decrease at about 6-8 weeks of age and although strain
differences can influence the age at which involution occurs,
it has not been reported to affect weight before 12 weeks of
age (Glick, 1956; Ciriaco et al., 2003; Rodríguez-Méndez et
al., 2010; Oláh et al., 2014). Glick (1957) showed that cor-
tisone administration reduced bursal size in young poultry;
however, the pullets in this study were reared under condi-
tions similar to that of the previous experiment, and it is
therefore unlikely that stress elevated adrenal hormone

levels. In addition, cortisone also reduces the weight of the
thymus (Glick, 1957), and in this study, the weight of the
thymus was only 14% lower than that observed previously
(Hussein et al., 2017).
Although Glick and Dreesen (1967) have shown that the

bursa can influence splenic and thymic growth, the relatively
small differences in their weights between this study and our
previous study (Hussein et al., 2017) suggest that the small
size of the bursa had negligible effect on the relative sizes of
the two other lymphoid tissues. In addition, the presence of
small bursa in the pullets used here may not have affected the
growth rate of the pullets, as the mean BW (803.4±6.69 g,
mean±SE, n＝64) at 9 weeks for all pullets was at the upper

Journal of Poultry Science, 56 (1)74

Table 2. Live body weights (BW), measurements of immune organs and tissues, heterophil function, and

lymphocyte proliferation of Hy-Line Brown layer strain pullets administered four diets containing different types

of purified dietary fiber from 4 to 9 weeks of age

Dietary treatment1 A Ce Ce3Lig1 Ce2Lig1 Pooled SEM

Initial BW2 (g) 350 349 346 354 2 .88
Final BW (age - 9 week)† (g) 821a 762b 834a 797ab 6 .69
Absolute weights (g)
Bursa of Fabricius 0 .94a 0 .72b 0 .91a 0 .81ab 0 .025
Thymus 4 .8 4 .3 4 .9 4 .3 0 .13
Spleen 2 .7 2 .5 2 .4 2 .4 0 .06
Cecal tonsils 0 .27 0 .26 0 .29 0 .34 0 .015

Relative weights (g/100 g BW)
Bursa of Fabricius 0 .11 0 .09 0 .11 0 .10 0 .003
Thymus 0 .59 0 .56 0 .58 0 .54 0 .015
Spleen 0 .33 0 .32 0 .29 0 .31 0 .006
Cecal tonsils 0 .033 0 .034 0 .034 0 .043 0 .0018

Area of jejunum + ileum (cm2) 135 .5 133 .6 132 .8 130 .8 2 .52
Small intestinal PP
Number 11 .1a 8 .8b 10 .6ab 9 .1ab 0 .31
Area (cm2) 2 .9 2 .3 2 .6 2 .5 0 .10
Relative area (area of
PP/area of jejunum + ileum)

2 .1 1 .7 2 .0 1 .9 0 .06

Heterophil activity
PI3 (latex beads/100 cells) 420 .3 371 .8 402 .1 394 .6 9 .28
%P4 (proportion of 100 cells
containing 1 or more beads)

80 .4a 73 .5b 77 .8a 76 .6ab 0 .67

Oxidative burst (ΔRFU)5 8850a 7732b 8725ab 7937ab 162 .6
Lymphocyte proliferation6

ConA stimulated 93 .8 80 .4 89 .1 90 .0 2 .12
LPS stimulated 102 .2 98 .6 104 .4 101 .5 1 .71
PMA stimulated 147 .6 146 .5 150 .5 116 .1 7 .32

Data expressed as mean and pooled SEM. n＝16 for BW and immune organ weights, n＝8 for small intestine, Peyer’s patch (PP)
measurements and heterophil activities and n＝7 for lymphocyte proliferation.
a, b - Means within the same row with different superscripts differ significantly (P＜0.05).
1 Dietary treatments - A＝Arbocel® RC fine 1 g/100 g basal diet; Ce＝cellulose 1 g/100 g basal diet; Ce3Lig1＝3:1 mixture of cellulose:
lignin, 1 g/100 g basal diet; Ce2Lig1＝2:1 mixture of cellulose:lignin, 1 g/100 g BW basal diet.

2 Standard ranges of body weights at 4 weeks＝257-273 g, at 8 weeks＝650-690 g, and at 9 weeks＝757-803 g (Hy-Line Brown
International, 2015).

3 PI＝phagocytosis index.
4%P＝phagocytosis percentage.
5
ΔRFU＝change in relative fluorescence units after 1 h incubation with phorbol 12-myristate 13-acetate (PMA) (see methods for
calculation).

6 Lymphocyte proliferation expressed as a percentage of the increase in mitogen-stimulated lymphocytes relative to non-stimulated
lymphocytes. Mitogens: ConA＝concanavalin A, T lymphocyte mitogen; LPS＝lipopolysaccharide from Escherichia coli, B lym-
phocyte mitogen; PMA＝phorbol 12-myristate 13-acetate, mixed T and B lymphocyte mitogen.



weight of the standard range (757-803 g) for the strain (Hy-
Line Brown International, 2015). BW was also higher than
that of the younger 8-week-old pullets (717.5±14.6 g, n＝
12) of the same strain used in Hussein et al. (2017). In this
study, the initial BW at 4 weeks was 349.5±6.4 g (n＝16),
whereas it was 351.9±4.7 g (n＝12) in Hussein et al. (2017);
both values are above the standard range for 4-week-old
pullets (257-273 g, Hy-Line Brown International, 2015).
The number of PP in the jejunum and ileum of group A

pullets was higher (P＜0.05, n＝8) than those of group Ce
(Table 2), and although the numbers were higher in groups
Ce3Lig1 and Ce2Lig1 than in group Ce, the differences were
not significant. Hussein et al., 2017 showed that Arbocel®

RC fine significantly increased PP number, area, and relative
area compared to the un-supplemented controls. The higher
number of PP suggests that the presence of lignin and its
concentration in a fiber supplement is important for the
development of gut-associated lymphoid tissue. However,
we could not identify the mechanism(s) via which the dietary
supplements affected the PP; changes in microbial popula-
tions (Cao et al., 2003; Bogusławska-Tryk et al., 2015),
mechanical effects of fiber on the mucosal surface of the gut
(Baurhoo et al., 2008), increased amino acid availability
(Yokhana et al., 2016; Farran et al., 2017), and cytokine
production (Mendis et al., 2016) may all be contributing
causes.
Heterophil and Lymphocyte Functions

Three weeks after starting the experimental diets, hetero-
phil phagocytosis percentages (% P) in groups A and Ce3Lig1
were higher (P＜0.05, n＝8) than in group Ce (Table 2).
Revajová et al. (2013) used a relatively higher concentration
of lignin (0.5 g/100 g diet) for a shorter time (2 weeks) and
observed no effect on phagocytosis in 4-week-old broiler
chickens compared to the un-supplemented controls. Het-
erophil oxidative burst activity was higher (P＜0.05, n＝8)
in group A pullets compared to that of pullets in group Ce
(Table 2). Although phagocytosis values for groups Ce3Lig1
and Ce2Lig1 were higher than for group Ce, the differences
were not significant.
The mechanism (s) via which heterophil function was

improved could involve the antimicrobial characteristics of
the phenolic fractions of purified lignin, which increased the
proportions of beneficial cecal Lactobacillus and Bifido-
bacterium spp. and decreased that of E. coli, as has been
demonstrated in broiler chicks (Baurhoo et al., 2008). In
addition, Farnell et al. (2006) showed that heterophil oxida-
tive burst and degranulation was improved in broilers ad-
ministered an oral mixture of Lactobacillus and Bifido-
bacterium spp. on the day of hatching. However, the type of
measurements used to determine the effects of the different
IF are not sufficient for understanding the mechanistic effects
of IF on organs and tissues.
The innate functions of heterophils are important defense

mechanisms for young layer poultry, and the results obtained
in this study suggest that phagocytosis and oxidative burst
can be enhanced by administering diets supplemented with
mixtures of purified lignin and cellulose similar to that ob-

tained with the commercial lignocellulose product Arbocel®

but not with cellulose alone. Wang et al. (2009) suggests
that some of the different responses observed when plant
sources of fiber such as oat hulls or alfalfa are used in animal
diets are probably because of the different proportions of the
functional groups of lignin (for example; hydroxyl, methoxy,
carbonyl, and carboxyl groups) in various plants. Thus, it is
possible that the differences observed in response to diets
Ce3Lig1 and Ce2Lig1 were due to differences in the pro-
portions of lignin functional groups.
No significant differences among the treatment groups

were observed with respect to lymphocyte proliferation.
However, proliferation tended to be higher in group A,
followed by groups Ce2Lig1, Ce3Lig1, and Ce (Table 2).
Revajová et al. (2013) have shown that lignin supplementa-
tion increases lymphocyte numbers in the villi of the in-
testinal tract (but not peripheral lymphocytes) and suggested
that beneficial bacteria in the gut (Baurhoo et al., 2007) may
contribute to the observed effect.
In this study, the proliferative response of lymphocytes to

stimulation by the three mitogens was similar to that ob-
served previously (Hussein et al., 2017), in which significant
differences were observed among the three treatments (n＝
8). In this study, only seven replicate pullets/treatments were
used and there were four treatments. Power analysis (Faul et
al., 2009) of the data on ConA-stimulated lymphocytes
shows that at least 13 replicates/treatment are required to
observe significant differences between the treatments.
Live Body Weight

In addition to the effects on the immune system, differ-
ences were observed in live BW. After 5 weeks on experi-
mental diets, BW in groups A and Ce3Lig1 were more (P＜
0.05) than in that in group Ce (Table 2). Ricke et al. (1982)
used a higher lignin concentration in a semi-purified diet (8
g/100 g of the purified Kraft lignin product Indulin) and
showed that weight gain of New Hampshire×Columbian
pullets fed Indulin from 8 to 22 days of age was higher than
that of the controls who did not receive added fiber. How-
ever, their results showed no significant difference in weight
gain in pullets administered the lignin supplement compared
to those administered Solka-Floc®, a product containing
higher ratio of cellulose to lignin (approximately 90 g/100 g
cellulose and 3 g/100 g lignin) than used in this study (Ricke
et al., 1982). A different type of lignin called Alcell lignin
(at either 1.25 or 2.5 g/100 g of the diet), has been shown to
significantly improve broiler weight gain compared to
controls without the additive (Baurhoo et al., 2007). The
proportions of lignin to cellulose in Arbocel® RC fine (based
on the manufacturer’s analysis) are similar to that used for
diet Ce3Lig1, and the beneficial effects of these two diets on
BW (P＜0.05) compared to that of diet Ce suggest that the
presence of lignin in an IF supplement is important. In
previous studies using similar aged Hy-Line Brown pullets,
Yokhana et al. (2016) and Hussein et al. (2017) showed that
Arbocel® RC fine significantly improved BW compared to
un-supplemented controls; this effect may have resulted from
improved proteolytic digestive enzyme activity (Yokhana et
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al., 2016) and protein and amino acid digestibility (Farran et

al., 2017).
Overall, the results of this study suggest that the presence

of lignin in an IF supplement is more beneficial than the
presence of cellulose alone. The proportions of lignin and
cellulose might also be important for improving the immune
function of pullets. Improvements were observed in lym-
phoid organ size, and heterophil immune function and
growth in groups A and Ce3Lig1, compared to the other two
groups (especially that supplemented with only cellulose).
The supplement with 3:1 cellulose: lignin ratio exerted an
effect similar to that of Arbocel® RC fine that has almost
identical cellulose to lignin ratio. The experiment thus con-
tributes to enhance information on the different effects of the
two major components present in insoluble fiber on immu-
nity however, it would have benefitted from an increase in
the number of replicates, increasing the experimental time
pullets were fed the diets and by comparisons between
different batches of the same or different egg-laying strains: a
more detailed analysis of the chemical composition of the
supplements used would have provided a better means of
identifying the biologically active components. Future ex-
periments aimed at understanding the mechanisms underly-
ing the action of different fibers will assist in predicting the
effects of complex natural sources of fiber in poultry feed
ingredients. Determining the contribution of factors such as
hen health, incubation environment, and rearing practices in
the first weeks of life to variations in lymphoid tissue
development between batches of the same strain is also
important as this may aid the poultry industry in improving
the health and disease resistance of layers especially in their
most vulnerable first weeks of life.
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