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An experiment was conducted to investigate 

the effects of almond fruit meal fermentation 

using Aspergillus niger on growth 

performance and intestinal morphology of 

broiler chickens. Almond fruit meal was 

fermented in an air-tight plastic bucket for 7 

d after inoculation with 20 ml of spore 

suspension of Aspergillus niger per kg of 

meal. The fermented fruit meal (FAFM) and 

unfermented almond fruit meal (UAFM) 

replaced maize in a control diet at 150 g kg-1 

and fed to 360 d-old broiler chicks in 3 

dietary treatments, 6 replicate groups of 20 

chicks each over a 42 d period.  Broilers fed 

a diet with FAFM had greater daily weight 

gain (P<0.05), daily feed intake (P<0.05) 

than those on UFAM and control group in 

whole period; had an improved feed to gain 

ratio (P<0.05) only at 1-21 d period. The 

retention coefficients of nitrogen and fat 

were significantly increased (P<0.05) in 

broilers fed FAFM and control compared to 

the UAFM. There was no significant 

difference (P>0.05) in fibre retention. There 

were significant increases (P<0.05) in the 

relative lengths of duodenum, jejunum, 

ileum and whole intestinal length of broilers 

fed UAFM compared with either FAFM or 

control broilers. Similarly, small intestinal 

weight was greater in UAFM than FAFM 

broilers. Histological observation revealed 

loss of mucosa gland in the jejunum of 

broilers fed UAFM compared with those fed 

the control and FAFM. The results indicate 

that Aspergillus niger fermented almond 

fruit meal manifested positive influence on 

performance, retention of nutrients and 

intestinal morphology of broilers. 

Keywords: Almond fruit meal” Aspergillus 
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One major constraint to the progressive 

growth of poultry industry in developing 

countries is the dwindling availability of 

conventional dietary ingredients. In Nigeria, 

cereals such as maize grains are in short 

supply because of competition between the 

human and animal food sectors. 

Consequently, there has been increased 

research effort focused on the utilization of 

those feed resources which are not in 

common with human use, especially agro-

by-products as alternative feed sources to the 

traditional cereal grains in poultry diets 

(Iyayi and Fayoyin, 2004, Apata, 2011, 

Hamzat and Adeola, 2011). 

The Almond tree (Terminalia catappa) is 

abundant in the tropics, where it thrives as 

an ornamental or shade tree and belongs to 

the family of Combretacea (Nwosu et al., 

2008). At least 200 species exist in different 

part of the world (Clive 2002). The plant 

forms layers of canopy and branches which 

bears many fruits. The fruit is an indehiscent 

ellipsoid drupe with a hard endocarp that 

enclosed the seed. The fruits vary greatly in 

shape, size and colour. Large quantities of 

the fruit are available and usually left as 

waste in the environment where the tree 

grows. Recently, the fruits are being 

harnessed for use in poultry feeding due to 

the economic recession. According to Apata 

(2011), whole almond fruit meal is 

composed of crude protein 4.7%, crude fibre 

25.5%, fat 5.6%, ash 6% and carbohydrate 

55%. The seed possesses anti-nutritional 

factors such as tannin, oxalate and hydrogen 

cyanide which can be deleterious to 

monogastric animals (Akpabio, 2012). The 

high proportion of fibre has been considered 

a diluent and can limit nutrient utilization, 
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modify the physiological role in the 

digestive tract by interacting with 

gastrointestinal functions (Incharoen et al., 

2010). 

Various techniques such as reduction of 

particle size, supplementation with microbial 

enzyme preparations and fermentation had 

been applied to enhance nutritional value 

and utilization of agro by-products 

(Mavromichalis et al., 2000; Aro et al., 

2008). Solid state fermentation (SSF) is a 

biotechnological tool for breaking down the 

high fibre materials by the action of micro-

organisms, particularly fungi (Iluyemi, 

2006). In addition, it has been shown that 

SSF could reduce the anti-nutritional 

components in plant feed resources 

(Mugendi et al., 2010), production cost 

(Holker, and Lenz, 2005) and use numerous 

agricultural wastes as substrates (El-

Bendary, 2010). In shea nut meal, 

fermentation reduced the concentrations of 

soluble proanthocyanidins and hydrolysable 

tannins to different levels (Dei et al., 2008). 

Studies by Lawal et al., (2013) showed that 

diets containing fibrous rice offal fermented 

with Aspergillus niger culture significantly 

enhanced bioavailability of nutrients and 

improved performance in broilers. Even 

though the effect of Aspergillus niger 

fermented Terminalia catappa on poultry 

productivity and serum biochemical 

variables had been determined (Apata, 

2011), the relationship between the 

fermented product and morphological 

changes of  gastro-intestinal tract in poultry 

has not been reported. 

Therefore, this study was initiated to 

determine the effect of fermentation of 

almond fruit meal using Aspergillus niger on 

the performance, nutrient retention and 

intestinal morphology of broiler chickens.  

 

MATERIALS AND METHODS 

Preparation of solid-state fermented 

almond fruit meal  

Almond fruit was collected within the 

campus of the University of Ilorin, Nigeria. 

Samples (400kg) of the whole almond fruit 

were washed and sun-dried for 10 days and 

then milled. It was divided into two portions. 

One portion was untreated and was referred 

to as unfermented almond fruit meal 

(UAFM), and the other portion was 

subjected to solid state fermentation process. 

The fungus, Aspergillus niger TC-4 used in 

this study was a laboratory strain isolate 

obtained from Microbiology Department, 

University of Ilorin, Nigeria.  

In preparing the suspension, A. niger was 

cultivated on Potato-Dextrose Agar (PDA) 

at 28 ± 1ᵒC for 7 d, after which it was sub-

cultured to obtain a suspension containing 5 

× 104 spore ml -1 following the procedure of 

Hesseltine (1983).  A batch (1kg) of the 

whole Almond fruit meal was autoclaved at 

121ᵒC for 15 minutes.  Autoclaved meal was 

cooled at room temperature (24oC) for 1 

hour, hydrated with distilled water at ratio of 

1 : 1.5 (1 part almond fruit meal to 1.5 parts 

water) and inoculated with 20 ml of spore 

suspension of A. niger per kg of wet meal.  

The mixture was packed in an air-tight 

plastic bucket and sealed with adhesive cello 

tape before being kept in a room at ambient 

temperature. The sample was fermented for 

7 d.  At the end of the fermentation period, 

A. niger fermented Almond fruit meal 

(FAFM) was covered by a thin layer of 

black mycelium which knitted the substrate 

into a cake.  The fresh fermented cake was 

then re-autoclaved at 121ᵒC to destroy A. 

niger and sun-dried for 3 d.  The dried 

product was grounded in the mill, packed in 

polythene sack and sealed until sampled for 

analysis and mixed into diets described 

below. 

Chemical analysis   

Proximate analysis was carried out in 

triplicate samples of UAFM and FAFM for 

their proximate contents by AOAC (2005) 

methods. Tannic acid was determined 

according to the method described by Joslyn 

(1970). Metabolizable energy (ME) was 

estimated by using analyzed values for the 

almond fruit meals and the following 

expression of Pauzenga (1985): 

ME (kcal/kg DM) = (37 x % CP) + (81.8 x 

% fat) + (35.5 x % NFE) 

Diets, chicks and management 

Three experimental diets (Table 1) were 

formulated by replacing part of maize with 

UAFM or FAFM at 150 g kg-1. The diet 

without the test ingredients served as 
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control. Three hundred and sixty day old 

broiler chicks were randomly allocated into 

the dietary treatments of 6 replicates with 20 

broilers per group, following a completely 

randomized design. The chicks were placed 

in cage units for a 42 d feeding trial, 

including 1-21 d and 22-42 d period. All the 

diets were adjusted to be approximately 

isonitrogenous and isocaloric within each 

period. Diets and water were provided ad 

libitum. Routine management and 

vaccination were carried out during the 

study. Throughout the feeding trial, feed 

intake and chick body weight changes were 

recorded at weekly intervals, from which 

feed to gain ratio was calculated for each 

replicate group as unit intake/unit gain.   

Metabolism trial 

On day 35, a metabolism trial of 5 d was 

carried out on each replicate by recording 

feed intake and faecal output at 24 h interval 

to determine nutrient retentions; each 

replicate was considered to be a single unit. 

Droppings collected were weighed and 

stored at 4oC. At the end of the study, the 

daily samples collected from broilers in each 

replicate cage were pooled into 1 sample, 

oven dried (70oC for 20 h), weighed and 

ground with approximately 10% retained for 

analysis. A duplicate sample of the diets and 

dried faeces were analyzed for proximate 

constituents (AOAC, 2005) and the values 

were used to compute nitrogen, ether extract 

and fibre retentions. 

Intestinal measurements and Histological 

procedure 

Six birds from each treatment, selected at 

random at day 42 were weighed and 

slaughtered and the whole small intestine 

removed. The gut was separated into 
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Table 1: Dietary ingredients and nutrient composition of experimental diets for broilers 

                                                                       d 1 -21                                            d 22 - 42              

                                                             Control    UAFMa      FAFMb     Control   UAFMa    

FAFMb  

Ingredients  (g kg-1)       

    Maize 500 350 350 600 450 450 

    Soybean 340 340 340 240 240 240 

    Wheat offal 58 58 58 58 58 58 

    UFAMa - 150 - - 150 - 

    FAFMb - - 150 - - 150 

    Fishmeal 30 30 30 25 25 25 

    Blood    meal 20 20 20 25 25 25 

    DL-Methionine 2 2 2 2 2 2 

    Mineral and vitamin Premixc                  2.5 2.5 2.5 2.5 2.5 2.5 

    Oyster shell 19.5 19.5 19.5 19.5 19.5 19.5 

    Bone meal 25 25 25 25 25 25 

    Salt 3 3 3 3 3 3 

Analysed nutrient contentd g kg-1)        

     Crude  protein 239.6 231.7 230.2 204.9 203.0 203.5 

     Ether extract  3.55 3.84 3.53 3.59 3.12 3.82 

     Fibre  3.76 6.02 5.11 3.31 6.01 4.64 

Metabolizable energy MJ kg-1 11.77 11.44 11.60 11.94 11.81 11.97 
a UAFM, unfermented almond fruit meal                              
b FAFM, fermented almond fruit meal.                                               c  

Provided:Vit A 12000 I.U; Vit D3 2400 I.U: Vit E 27.6mg; Vit K3 2.4 6mg;Vit B1 2.14mg: Vit 

B2 6mg Vit B6 3.6mg; Niacin 3.3mg; Pantothenic acid 9mg; Biotin 0.07mg; Vit B120.02mg; 

Folic acid 0.9mg; chloline chloride 360mg; Manganese 48mg; Iron 24mg; Zinc 36mg; 

copper3.6mg; Iodine 1.2mg; cobalt 0.23mg; selenium 0.23mg; Antioxidant 1.5mg                                                                                                                                     
d Determined values except metabolizable energy(ME) which was calculated from the published 

NRC of the ingredients used and the ME of UAFM and  FAFM estimated from the analytical 

data (Pauzenga, 1985). 
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duodenum, jejunum and ileum. The large 

loop between the gizzard and the end of the 

pancreas tail was considered as duodenum; 

the jejunum was the portion ending at the 

yolk stalk and the ileum at the ileo-caecal 

junction. The contents of the whole small 

intestine and separate sections were 

removed. Measurements of the various 

sections were taken and the values expressed 

per g of body weight.  

The jejunum samples were used for 

histology. These were immersed in 

formaldehyde (10 g kg-1), fixed in Boulin’s 

solution and paraffin embedded. Cross-

sections of the jejunum samples were made 

at a thickness of 5 um, stained by 

haematoxylin-eosin and examined by light 

microscopy. 

Data collected were subjected to one-way 

analysis of variance (ANOVA), if significant 

(P<0.05) differences were found, Duncan’s 

multiple range test (1955) was used to rank 

the group using SPSS version 19.0. (SPSS 

2011). 

 

RESULTS  

Composition of unfermented almond fruit 

meal (UAFM) and fermented almond fruit 

meal (FAFM) are shown in Table 2.  The 

dry matter, crude fibre, crude fat and tannic 

Table 2: Chemical composition of unfermented almond fruit meal (UAFM) and fermented 

almond fruit meal (FAFM) 

Nutrient (g kg-1)   UAFM  FAFM  

Dry matter 99.20 b  96.50a 

Crude protein 7.66 8.01 

Crude fibre 20.00b 11.00a 

Ether extract 5.55 b 3.97a 

Ash 6.00 5.50 

Nitrogen free extractives 59.99a 68.02b 

Metabolizable energy ⃰  MJ kg-1 12.14a 13.22b 

Tannic acid (mg/100g) 61.7 b 23.8a 

UAFM, unfermented almond fruit meal; FAFM, fermented almond fruit meal.              

a-b Means in the same column bearing different superscripts are significantly different 

(P<0.05) Metabolizable energy (ME) of UAFM and FAFM were estimated from the 

analytical data (Pauzenga, 1985). 

 

Table 3: Effect of Aspergillus niger fermented almond fruit meal on growth performance of 

broilers. 

Variable  Diets 

Control           UAFM                   FAFM                  SEM          SL 

Average daily weight gain (g/d)      

               d 1 to 21 14.90±0.35b 12.10±0.49a 17.30±0.66c 1.04 ⃰ 

               d 22 to 42 30.00±0.82b 27.60±0.13a 32.50±0.59c 1.01 ⃰ 

               d 1 to 42 18.80±0.26b 16.40±0.12a 20.40±0.74c 0.82 ⃰ 

Average daily feed intake (g/d)      

               d 1 to 21 31.40±0.27b 26.10±0.23a 33.80±0.79c 1.44 ⃰ 

               d 22 to 42 41.70±.30b 64.20±0.26a 76.90±0.59c 6.15 ⃰ 

               d 1 to 42 51.50±0.53b 43.10±0.30a 55.90±0.83c 2.34 ⃰ 

Feed : gain (g/g)      

               d 1 to 21 2.10±0.06ab 2.16±0.05b 1.95±0.08a 0.07 ⃰ 

               d 22 to 42 2.39±0.06 2.33±0.05 2.37±0.17 0.01 NS 

               d 1 to 42 2.74±0.05 2.63±0.06 2.74±0.06 0.06 NS 
a-c Means in the same column bearing different superscripts are significantly different 

(P<0.05); UAFM, unfermented almond fruit meal; FAFM, fermented almond fruit meal;                                     

SEM, standard error of the mean; SL, significant level ⃰ ;  NS, not significant.  
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acid in almond fruit meal decreased 

(P>0.05) while the nitrogen free extractives 

and predicted metabolizable energy content 

increased (P<0.05) after 7 days 

fermentation. Compared to UAFM, crude 

fibre and tannic acid had reductions of 45% 

and 57.4% respectively. There was a 

marginal increase in crude protein content. 

The broilers fed the FAFM diet had higher 

(P<0.05) average daily weight gains, 

average feed intakes at 1-21, 22-42 and 1-42 

days than those on UAFM and control diets 

(Table 3). However, the feed to gain ratio 

was significantly improved (P<0.05) only at 

1-21 days compared to other periods 

assessed. Broilers fed FAFM diet had 

superior feed to gain ratio compared to 

UAFM and did not differ from the control. 

The retention coefficients of nitrogen and fat 

were significantly increased (P<0.05) in 

broilers fed FAFM and control compared to 

the UAFM group (Table 4). However, the 

fibre retention was reduced in broilers 

receiving the almond based diets but 

increased (P>0.05) in the control group. 

 
Fig.1.Light micrograph of part of a section 

through the jejunum of a broiler fed the 

control diet (maize soyabean) showing 

normal muscular gland (H&E stain, 

magnification x 100) 

Normal muscular coat.              

Normal mucosal gland 

 

There were significant increases (P<0.05) in 

the relative lengths of duodenum, jejunum, 

ileum and small intestine of the broilers on 

UAFM diet compared with FAFM and 

control broilers; small intestinal weight was 

also significantly increased (P<0.05) in 

UAFM (Table 5). Histological observations 

on the jejunum smear of the UAFM fed 

broilers indicated morphological changes 

compared with those fed FAFM and control 

diets. The broilers fed control diet showed 

normal muscular characteristics for the 

muscular coat and mucosal gland (Fig.1). 

The section through the jejunum of a broiler 

fed UAFM diet showed loss of mucosal 

gland accompanied with infiltration of 

lymphoid tissue (Fig.2). The FAFM diet 

jejunum smear showed comparable 

characteristics (Fig.3) to the control group.  

 

 
Fig.2.Light micrograph of part of a section 

through the jejunum of a broiler fed UAFM 

diet showing the replacement of mucosa 

gland with lymphoid tissue (H&E stain, 

magnification x 100)  

Loss of mucosal gland. 

 

 
Fig.3.Light micrograph of part of a section 

through the jejunum of a broiler fed  FAFM 

diet showing normal muscular gland  (H&E 

stain, magnification x 100)   

  Normal muscular coat. 

            Normal muscular coat 

DISCUSSION 

Fermentation changed the chemical 

composition of almond fruit meal (Table 2). 

The decreased crude fibre and ether extract 

could be attributed to the breakdown of 

these components by extra cellular enzymes 

secreted by Aspergillus niger such as 

cellulase, amylase, xylanase and lipase (Nair 

et al., 2008; Santos et al., 2014). During 
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fermentation, enzymes secreted are known 

to metabolise crude fibre and lipids as 

carbon and energy sources (Raumbalt, 

1998). The significant decline in tannic acid 

component after fermentation might have 

been caused by intrinsic activity of tannase 

secreted by Aspergillus niger strains, that 

degrades this anti-nutritive factor to glucose 

and gallic acid (Pinto et al., 2001). The 

present finding is in agreement with Reddy 

and Pierson (1994) and Dei et al., (2008) 

who reported appreciable reduction in tannin 

content of cereals and shea nut meal 

fermented with Aspergillus niger, 

respectively. The superior daily gain and 

feed intake over the entire 42 days and 

improved feed:gain ratio at 1-21 days 

exhibited by broilers fed FAFM compared to 

UAFM and control diets could be ascribed 

to the fermentation process which improved 

the nutritive characteristics of the almond 

fruit meal and caused reduction in  tannin of 

the FAFM. This obviously promotes the 

growth and feed conversion effect of FAFM. 

Lawal et al.,(2013), found improvement in 

body weight gain of growing broilers fed 

diet containing rice husk fermented with 

Aspergillus niger. The inferior performance 

characteristics elicited in broilers offered 

UAFM was due to the adverse effect of the 

inherent tannic acid which is known to affect 

feed intake of animals by inhibiting the 

activities of digestive enzymes and reducing 

the absorptive capacity of feed (Reddy et al., 

1985; Glahn et al., 2002). 

The improved retentions of nitrogen and fat 

in the diets containing FAFM compared with 

UAFM resulted in improved broiler 

performance. A beneficial effect of 

fermentation on nutrient retention has been 

shown in the report of Ari and Ayanwale, 

(2012), in which broilers fed fermented 

African locust bean meal retained more 

nitrogen. In contrast, Adeyemo et al., (2013) 

reported reduction in the retention of crude 

protein and fat in broiler chickens fed 

Aspergillus niger hydrolyzed cassava peel 

based diets. The low fibre retention obtained 

with broilers fed on almond based diets with 

relatively high fibre content (Table 1), is an 

indication of poor digestion of crude fibre 

which might have contributed to its lower 

retention. Consequently, small quantity of 

the fibre was retained.  

Table 4: Retention coefficients of nutrients in broilers fed Aspergillus niger fermented almond 

fruit meal 

Nutrients    Diets 

Control                     UAFM         FAFM 

 

SEM 

 

SL 

Nitrogen  0.78±0.33b 0.67±0.33a 0.80±0.02b 0.03 ⃰ 

Ether extract  0.68±0.33b 0.62±0.01a 0.70±0.01b 0.05 ⃰ 

Fibre  0.51±0.02 0.47±0.01  0.49±0.01 0.01 NS 
a-b Means in the same column bearing different superscripts are significantly different 

(P<0.05); UAFM, unfermented almond fruit meal; FAFM, fermented almond fruit meal;                                     

SEM, standard error of the mean; SL, significant level ⃰⃰ ;  NS, not significant 

 

Table 5: Effect of fermented almond fruit meal on relative intestinal lengths and relative small 

intestinal weight of broilers 

Measurement Diets 

Control          UAFM              FAFM 

SEM SL 

Relative length (cm/100g BW)  

Duodenum 3.12±0.04 a 4.86±0.17b 2.96±0.01a 0.04 ⃰ 

Jejunum 7.70±0.32 a 10.990.26b 7.00±0.20a 0.47 ⃰ 

Ileum 7.76±0.28 a 10.78±0.26b 7.14±0.04a 0.70 ⃰ 

Small intestine length 17.87±0.34a 28.96±0.58b 18.74±0.26a 0.50 ⃰ 

Small intestine weight (100g/BW) 3.41±0.06a 5.63±0.26b 3.19±0.03 a 0.49 ⃰ 
a-b Means in the same column bearing different superscripts are significantly different 

(P<0.05);  UAFM, unfermented almond fruit meal; FAFM; fermented almond fruit meal;                                     

SEM, standard error of the mean; SL, significant level ⃰.  
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The increased relative lengths of duodenum, 

jejunum, ileum, whole small intestine and 

the whole small intestinal weight of the 

broilers offered diet containing UAFM could 

be partly related to the amount of fibre in the 

diet which produces physical distension of 

the walls of the intestinal tract. Hetland and 

Svihus (2001) found that high fibre diets of 

oat hulls generated intestinal distension, 

increased gastro intestinal capacity and gut 

fill in broiler chickens. The weight, volume 

and capacity of rat gastrointestinal tract have 

been shown to increase with increasing 

dietary fibre (Hansen et al., 1992). Apart 

from this, the changes observed could also 

reflect the impact of tannic acid in the 

UAFM which corroborates the earlier report 

of Mansoori et al., (2007) who found that 

dietary tannic acid increased the relative 

weight of the intestine of broiler cockerels. 

The jejunum cells play an important role in 

nutrient digestion and absorption, and are a 

natural barrier against pathogenic bacteria 

and toxic substances in the gastro intestinal 

tract (Soderholm and Perdue, 2001). In this 

study, there was a loss of mucosal gland 

accompanied with infiltration of the 

lymphoid tissue of jejunum histological 

structure in broilers fed UAFM diet. This 

could be ascribed to the effect of inherent 

tannic acid. A report by Zahedi et al., (2013) 

demonstrated that tannins interfered with 

intestinal protective mucus glycoproteins, 

thus increasing the excretion of endogenous 

nitrogen from mucosal gland. The observed 

alterations in the jejunum may be a major 

contributor to the low nutrient absorption 

and retention exhibited by broilers fed on 

UAFM. Similar finding has been reported by 

Al-Mamary et al., (2001) in rabbit fed 

dietary sorghum tannins. 

 

CONCLUSION 

The results of the current experiment 

indicated that fermentation of almond fruit 

meal with Aspergillus niger could improve 

the nutritional characteristics of the feedstuff 

and the fermented almond fruit meal is a 

promising alternative feed source which 

manifested positive influence on growth, 

nutrient retention and intestinal morphology 

when included at 150g kg-1  to replace maize 

in diet for broilers. 
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