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 Effects of different Aspergillus niger strains on main nutritional components of grape seed in 

solid-state fermentation were investigated in this study. Grape seeds were fermented with three 

different A. niger strains which are ATCC 9142, ATCC 200345 and ATCC 52172. Fermented 

and unfermented grape seeds were analyzed for crude protein, ether extract, ash, crude fiber, 

neutral detergent fiber (NDF), and acid detergent fiber (ADF). Unfermented grape seeds (control 

group) and fermented groups: FG1 (ATCC 9142), FG2 (ATCC 200345) and FG3 (ATCC 52172) 

were compared each other depending on the results of chemical analyses. Crude protein 

increased (p < 0.001) with fermentation in all groups and the highest increases were observed in 

FG2 and FG3 groups. Ether extract was similar with control in FG1 group but decreased (p < 

0.001) in FG2 and FG3 groups. Ash content increased (p < 0.001) through fermentation in all 

groups, the highest increases were noted in FG2 and FG3 groups. Crude fiber, ADF, NDF and 

nitrogen-free extracts (NFE) were decreased with fermentation in all groups (p < 0.001). 

Whereas the highest decreases of NFE were observed in FG1 and FG2 groups, the highest 

reduction in crude fiber, ADF and NDF were ocurred in FG2 group. These results showed that 

nutritional quality of grape seeds can be improved by A. niger solid-state fermentation and the 

best results were taken from ATCC 52172. 
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1. Introduction 

Grape is one of the most produced fruits in the world 

with 77 million tons of annual production [1]. Grape seed 

is a by-product emerges by processing of grapes in fruit 

juices and wine factories [2]. It is rich in polyphenols 

such as proanthocyanidins (catechin, epicatechin, 

epicatechin-3-O-gallate; [3]). These polyphenols have 

antimicrobial, antioxidant and anticarcinogenic properties 

[4]. 

Positive results have been obtained from animal 

experiments on grape seed. Grape seed has antioxidant 

effects on lamb meat [5] sheep milk [6], poultry meat [2, 

7] and egg [8]. Besides, it enhanced growth performance 

in Eimeria tenella infected broilers [9], increased 

antibody titer against Newcastle Disease Virus [2] and 

inhibit the deterioration of jejunal epithelial cells in the 

bulls exposed to heat stress [10]. 

Grape seed can increase milk production [11, 12], milk 

calcium, iron [12] and fatty acid content [6] in sheep. It 

has been also reported to increase the fatty acid levels in 

egg yolk [13] and chicken meat [14]. 

Grape seed can reduce methane emission from 

ruminants. Studies showed that grape seed can diminish 

methane production by 20% without affecting microbial 

fermentation in rumen [15, 16]. Condensed tannins in 

grape seed can increase the efficiency of feed protein by 

preventing proteins from ruminal digestion [17] and 

reduce blood urea level hereby [18]. 

Grape seed having positive effects on animals with its 

active components has been reported to be used at limited 

level in animal feed because of having less digestibility 

due to high crude fiber content [19, 20]. Fermentation is a 

method that can be used to improve digestibility of 

agricultural by-products [21]. Enzymes produced by 

microorganisms during fermentation can break down 

cellular structure of the substrate and thus increase its 

digestibility [22]. Besides microorganisms can increase 

protein, amino acid, ether extract, mineral and vitamin 
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content of substrate with fermentation [23]. Fermentation 

is divided into liquid-state and solid-state fermentation. 

Solid-state fermentation is preferred method due to low 

cost, suitability for working with agricultural by-products 

and less risk of bacterial contamination [24]. Solid-state 

fermentation refers to microbial reproduction in moist 

substrates without free water [25]. Aspergillus niger is a 

filamentous fungus that can grow rapidly in low-water 

environments [26] and, therefore, used widely in solid-

state fermentation of agricultural by-products [27]. In this 

study, it was aimed to enhance the nutritional 

composition of grape seed by A. niger solid-state 

fermentation for making available to be used in animal 

nutrition. 
 

2. Material and Methods 

2.1 Microorganisms and substrate 

A. niger strains were obtained from the American Type 

Culture Collection (ATCC). The strains were ATCC 

9142 (FG1), ATCC 200345 (FG2) and ATCC 52172 

(FG3). 

Grape seeds were provided from a grape juice factory 

in Turkey and stored at -20 °C till fermentation. 

 

2.2 Solid-state fermentation 

Grape seeds were milled to a size of 2 mm before 

being sterilized by autoclaving at 121 °C for 15 min. The 

nutritional salt (glucose:urea:(NH4)2SO4:peptone: 

KH2PO4:MgSO4.7H2O=4:2:6:1:4:1) were mixed to the 

substrate to encourage microorganism to grow after 

sterilizing phase. Each A. niger strain cultured in Potato-

Dextrose-Agar (PDA) was added to grape seed substrate 

at 104 spores and uninoculated grape seeds were assigned 

as control. Samples were incubated at 60 °C for 48 hours. 

Afterwards, samples were dried at room temperature for 

6 days in which samples reached approximately 90% dry 

matter. Three replicates were prepared for each treatment. 
 

2.3 Main nutritional components analysis 

Ash (method, 942.05), crude protein (method, 976.06), 

ether extract (method, 920.29), crude fiber (method, 

973.18) analyses of grape seeds before and after solid-

state fermentation were conducted [28]. Neutral detergent 

fiber (NDF) and acid detergent fiber (ADF) analyses 

were conducted according to Van Soest et al. [29] using 

the ANKOM2000 fiber analyzer (ANKOM corporation® 

Technology Fairport, NY). Measurement for each sample 

was conducted three times. 
 

2.4 Statistical analysis 

All of the experiments were carried out in triplicate, 

and results were expressed as means with pooled standard 

error of means (SEM). Differences between treatments 

were tested using ANOVA and Duncan’s multiple range 

test (SPSS 21.0 Statistics). p values ≤ 0.05 were 

considered statistically significant. 
 

3. Results and Discussion 

Nutritional changes in grape seed by A. niger solid-

state fermentation are given in Table 1 and photos before, 

during and after fermentation are shown in Figure 1. 

Nutritional composition of grape seeds changed with A. 

niger solid-state fermentation. Crude protein content 

increased (p < 0.001) in all groups whereas the higher 

increases were obtained in FG2 and FG3. Crude fiber 

content was decreased (p < 0.001) in all groups and the 

highest reduction was observed in FG2. Ether extract 

content was decreased in FG2 and FG3 but remained the 

same in FG1. Ash content was increased in all groups 

with the higher increases in FG2 and FG3. Nitrogen-free 

extract (NFE) was decreased in all groups with the higher 

decreases in FG1 and FG3. NDF and ADF were 

decreased in all groups, and the higher decreases 

occurred in FG2 and FG3. 

 

  

  

  
Figure 1. Photos before, during and after fermentation, a) 

unfermented grape seed, b) fermentation stage, c) grape seed 

fermented by ATCC 9142 (FG1), d) grape seed fermented by 

ATCC 200345 (FG2), e) grape seed by fermented ATCC 52172 

(FG3) 

Table 1. Nutritional changes in grape seed by Aspergillus niger 
solid-state fermentation 

Composition (%) G FG1 FG2 FG3 SEM P 

Crude Protein 10.13c 25.94b 29.50a 29.49a 2.415 *** 

Ether Extract 12.50a 13.21a 9.82c 11.68b 0.394 *** 

Ash 3.88c 7.99b 8.72a 8.84a 0.614 *** 

NFE 26.06a 13.17c 15.72b 12.71c 1.632 *** 

Crude Fiber 47.43a 39.69b 36.25d 37.30c 1.325 *** 

NDF 64.01a 52.30b 48.98c 49.13c 1.857 *** 

ADF 57.14a 47.85b 43.21c 43.34c 1.708 *** 

***: <0.001; a,b,c: Means having different superscripts differ (p < 0.05) 

G: unfermented grape seed, FG1: grape seed fermented by ATCC 9142, 

FG2: grape seed fermented by ATCC 200345, FG3: grape seed 

fermented by ATCC 52172 

(a) (b) 

(c) (d) 

(e) 

274                    Altop et al., International Advanced Researches and Engineering Journal 02(03): 273-277, 2018 



        Altop et al., International Advanced Researches and Engineering Journal 02(03): 273-277, 2018 
 

 
Nutritional composition of agricultural by-products can 

be enhanced with solid-state fermentation [30]. Aderemi 

and Nworgu [31] reported that cassava root and peels’ 

crude protein content increased while crude fiber, NDF, 

and hemicellulose content decreased with fermentation. 

Similarly, cassava starch residues’ crude protein, ether 

extract, ash content increased and crude fiber, NDF, ADF 

content decreased with fermentation [21]. Similar 

findings were reported in the studies on olive leaves [30] 

and Gingko biloba leaves [23, 27]. In this study, 

nutritional composition of grape seed was improved by A. 

niger solid-state fermentation with increases in crude 

protein, ether extract and ash content, decreases in crude 

fiber, NDF, ADF and NFE content. 

Structural carbohydrates such as cellulose, 

hemicellulose, and lignin reduce digestibility of feeds 

because they are difficult to digest by animals [39]. For 

this reason, structural carbohydrate content is an 

important sign for estimating the feed’s digestibility [30]. 

In this study, structural carbohydrate content of grape 

seeds such as crude fiber, NDF, and ADF decreased by 

fermentation. A. niger has been reported to produce 

cellulase in solid-state fermentation [30] It is thought that 

cellulase degraded the structural carbohydrates and it 

caused reduction in crude fiber, NDF and ADF content. 

Similar results were obtained from the studies on cassava 

pulp and peels [31], cassava starch residues [21] and shea 

nut [36]. However, these results are different from the 

results of the studies on cassava peels [35] and sour 

cherry kernel [38]. Differences in the results may be due 

to the fact that different strains were used in the studies or 

fermentation conditions were different. Indeed, Güngör et 

al. [38] reported that different strains had different effects 

on the same substrate. 

Increase in ash content is line with the studies on 

cassava peels [35], cassava starch residues [21], shea nut 

[36] and sour cherry kernel [38] but not in line with the 

study that cassava pells’ ash content was not changed 

with fermentation [21]. 

It has been reported that different A. niger strains affect 

substrate differently with regard to ether extract content 

[38]. Similarly, grape seed was affected differently by 

different A. niger strains in this study. Ether extract was 

decreased in FG2 and FG3 while remained at the same 

level in FG1. These results are consistent with the studies 

on cassava [35], pomegranate peel and creosote bush 

leaves [40] and sour cherry kernel [38]. However it was 

reported that the ether extract content was increased with 

fermentation of shea nut [36] and cassava [21], unlike our 

study. 

Soluble carbohydrates are firstly preferred to other 

nutrients for carbon sources by fungi [41]. In fact, NFE 

level of grape seed decreased with fermentation in this 

study. This result is in an agreement with the studies on 

cassava peels [21, 35] and cassava bagasse [33]. 
 

4. Conclusion 

Nutrient enrichment in the grape seed was achieved by 

fermentation. Crude protein and ash contents were 

increased with fermentation, and higher increases were 

obtained from ATCC 200345 and ATCC 52172. Crude 

fiber, ADF, and NDF contents were reduced in all groups 

and the highest reduction was obtained by ATCC 

200345. Ether extract level remained at the same level in 

ATCC 9142 used group but decreased by ATCC 200345 

and ATCC 52172. NFE level decreased in all groups; the 

higher decreases occurred by ATCC 9142 and ATCC 

200345. These results showed that A. niger can improve 

nutritional composition of grape seed. Also, different A. 

niger strains (ATCC 9142, ATCC 200345, ATCC 52172) 

had different effects on grape seed, suggesting that 

ATCC 200345 may be used for nutritional enrichment of 

grape seed. 
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