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Abstract 21 

In the present study, Okara, a soybean by-product from the production of tofu and 22 

soymilk, was processed by solid state fermentation (SSF) with Neurospora crassa Mai 23 

1-1, a filamentous and edible fungus which was firstly isolated in our group. The 24 

proximate composition, dietary fiber content, water-soluble polysaccharides and 25 

antioxidant activity of Okara was investigated. The crude fat and protein, soluble 26 

dietary fiber content and ergosterol content of Okara was significantly increased by SSF 27 

with N. crassa. And the antioxidant activity (evaluated by the ABTS radical cation 28 

scavenging activity and DPPH radical scavenging activity) of Okara was significantly 29 

enhanced by SSF with N. crassa. In addition, emulsion-type sausage was taken as a 30 

model system for farther investigation, sausage with fermented Okara power had 31 

reduced values of thiobarbituric acid reactive substances (TBARS) (p < 0.05), peroxide 32 

value. Therefore, this study demonstrated that fermented Okara showed higher nutrition 33 

value and antioxidant activity compared to the non-fermented Okara counterpart, and 34 

as an additive has good effect on antioxidant of emulsion-type sausage. 35 

36 
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Introduction 37 

In the last decades, large amounts of agro-industrial residues which lead to the 38 

economic loss and socio-environmental problems were produced in the world, 39 

especially in developing countries. In recent years, there has been an increasing interest 40 

in the more efficient utilization of these agro-industrial residues, which could provide 41 

an effective way to reduce the production economic loss and solve many environmental 42 

hazards (Li et al., 2013; Vong & Liu, 2016a). Therefore, great global attention has been 43 

paid to search for alternative uses and value-add of agro-industrial residues. Okara, the 44 

byproduct of soybean curd, soy protein and soymilk manufacturing, is discharged as an 45 

agro-industrial waste with little market value (Shi et al., 2012). Okara is a large amount 46 

of production, cheap and porous available resource in Asian countries such as Japan 47 

and China (Shi et al., 2012; Zhu et al., 2008). For example, the amount of produced 48 

Okara in Japan, Korea and China was 800,000, 310,000 and 2,800,000 tons, 49 

respectively, during the manufacturing of soybean curd (Vong & Liu, 2016b). Okara is 50 

generally discarded and considered as waste, which have aggravated burden of the 51 

industry on waste treatment. However, many nutritional constituents such as 52 

polysaccharides, monosaccharides, oligosaccharides, dietary fiber, protein, and mineral 53 

composition were found in Okara as well, suggesting that it is a potential source of low-54 

cost vegetable nutrition for human consumption (Mateos-Aparicio, Redondo-Cuenca, 55 

Villanueva-Suárez, 2010; Vong & Liu, 2016b; Zhu et al., 2008). In the past years, there 56 

has been growing interest in ways of reusing the Okara. Several health-stimulating 57 

effects of Okara have also been demonstrated in recent years. Many studies have 58 

reported that the utilization of Okara to produce value-added food products, such as 59 

soluble dietary fiber, polysaccharides, and natural antioxidant sources (Mateos-60 

Aparicio, Redondo-Cuenca, Villanueva-Suárez, 2010; Li et al., 2013; Vishwanathan, 61 
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Singh & Subramanian, 2011). In addition, Okara can also be used as an ingredient in 62 

various foodstuffs (Vong & Liu, 2016a). Thus, value-added and full utilization of this 63 

soybean by-product (Okara) is of interest to the soybean industry.  64 

 Previous studies have demonstrated that the biochemical modification by 65 

submerged and solid state fermentation (SSF) directly contributes to many 66 

advantageous properties of products (Shi et al., 2012; Xiao et al., 2015b). In recent 67 

years, SSF with filamentous fungi was observed to serve as an efficient approach to 68 

enhance the nutritional value and health-stimulating effects of pulse products. During 69 

the SSF process, many enzymes were produced by the microbes which could hydrolyze 70 

its constituents and contribute to the development of a product with improved nutrition, 71 

flavour, and aroma. Therefore, SSF may be an economic and environmental friendly 72 

technique to reuse the agro-solid waste Okara (Vong & Liu, 2016a). 73 

N. crassa is an edible filamentous fungus generally recognized as safe. N. crassa, 74 

as a model of model microbes for biochemical genetics and molecular biology, has also 75 

been seen as a valuable organism for biotechnological applications (Dogaris et al., 2009; 76 

Rao et al., 1985). Besides, N. crassa is a well-known fungus that has been used for 77 

fermentation of agricultural residues substrates, sorghum bagasse, wheat straw, 78 

brewer’s spent grain and orange peels (Dogaris et al., 2009; Mamma, Kourtoglou & 79 

Christakopoulos, 2008; Romero et al., 1999; Xiros et al., 2008) has been investigated 80 

previously. However, to the best of our knowledge, no investigation is available on the 81 

effect of SSF with N. crassa on the production of antioxidant activity, and nutritional 82 

properties of Okara. 83 

As is known to all, pork is the most favorable meat in China, pork-based emulsion-84 

type sausage is one of major processed pork products, preferred by Chinese consumers, 85 

In order to produce the special texture and flavor, pork fat is usually added into the 86 
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sausage. However, high animal fats have negative impacts on human health. are 87 

gradually associated with several types of obesity, hypertension, cardiovascular 88 

diseases and coronary heart diseases (ÖZvural & Vural, 2008; Serrano et al., 2007; 89 

Javidipour & Vural, 2002). Fermented Okara with abundant dietary fibers and plant 90 

protein, is taken for making a balanced diet in emulsion-type sausage. Adding 91 

Fermented Okara power to sausages would supply the requisite quantities of Okara and 92 

natural antioxidants, known to prevent tissue damage and “oxidative stress” related 93 

diseases (Chen et al., 2013). It may extend the shelf-life of food products (Gedrovica & 94 

Karklina, 2013). Therefore, the objective of this study was to investigate effect of 95 

fermented Okara power on textural, color and lipid peroxidation properties of pork 96 

sausage and provide a novel method for developing the sausage that contains dietary 97 

fiber. 98 

Materials & Methods 99 

Preparation of fermented Okara 100 

200 g soybean soaked in water at 25 °C for 10 h was ground with 1.5 L water by 101 

a soybean milk machine (FP-4116, Deer Electric Appliance Co., Ltd. Guangdong, 102 

China), and filtrated. The fresh raw Okara was sterilized at 108 °C for 15 min in an 103 

autoclave, and then cooled and inoculated with 2% (v/w) spore suspension of the sterile 104 

Okara. After mixing, aliquots (200 g) of the inoculated Okara were transferred into 105 

glass culture dish (15 cm in diameter, 2.5 cm in depth) and incubated at 28 °C for 48 h 106 

in an incubator with continuous white light (SPT-P--A, Hefei scientific equipment co., 107 

LTD, Hefei, China). Duration of the solid state fermentation was 48 h and samples were 108 

aseptically withdrawn at 0 and 48 h were lyophilized by using a freeze drier (Thermo 109 
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Heto Power Dry LL3000, Thermo Fisher Scientific Inc, Massachusetts, the United 110 

States). And then dried materials were milled to fine flour passing through a 0.5 mm 111 

sieve using a food grinder, the flour was kept at 4 °C for further analyses. 112 

Proximate composition analysis of Okara 113 

The moisture, crude protein, crude fat and ash contents of Okara samples were 114 

determined according to the method of AOAC (1990). The total dietary fiber and 115 

insoluble dietary fiber were determined using the AOAC methods (Association of 116 

Official Analytical Chemists 1994). Soluble dietary fiber was calculated by subtracting 117 

the insoluble dietary fiber proportion from the soluble dietary fiber. The results of crude 118 

protein, crude fat, ash and dietary fiber contents were expressed as grams per 100 g of 119 

dry weight basis. All determinations were made in triplicate. 120 

Ergosterol content measurement 121 

Ergosterol content was determined according to the method of Feng, Eriksson & 122 

Schnürer (2005) with minor modification. Briefly, two grams samples of lyophilized 123 

Okara was mixed with 37.5 mL methanol, 25 mL 95% ethanol and 5 g potassium 124 

hydroxide, and incubating at 100 °C for 15 min. Then the mixture was added with 12.5 125 

mL of distilled water, and gently mixed. The extracts were then centrifuged at 5000 g 126 

for 15 min at 4 °C (TDL-5-A, Anting science instrument factory, Shanghai, China). 127 

After that, 5 ml of supernatant was collected and mixed with 5 mL of pentane using a 128 

vortex for 1 min to extract ergosterol. The upper phase was transferred to a clean tube 129 

when two clear phases appeared in the mixture. The extraction procedure was repeated 130 

twice. The upper phase containing ergosterol was dried through a vacuum rotary 131 

evaporation procedure (Heizbad Hei-VAP, Heidolph Instruments GmbH and Co.KG, 132 

Germany) (30 °C, 100 r/min) and dissolved in 0.5 mL methanol. The ergosterol 133 
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concentration was assayed by HPLC (Waters Separations Module 2695; Japan) 134 

equipped with an Agilent Eclipse plus C18 column (4.6×250mm, 5 µm; USA). Samples 135 

were eluted with 100% methanol at 1.5 mL/min at 25 °C, and ergosterol was detected 136 

by absorption with a photodiode array detector (Waters 2996; Japan) at 282 nm. The 137 

injection volume was 20 µL and the retention time was around 7.25 min. The ergosterol 138 

was quantified by comparing with an ergosterol standard curve in pure methanol. 139 

Emulsion-type sausage model  140 

Prior to preparation of the sausages, the frozen pork was control thawed overnight 141 

in refrigerator (4 °C) immediately, and pork shoulder (70%) and pork back fat (30%) 142 

were minced by a 10 mm perforated plate chopper, then according to the formulation 143 

given in Table 1 the three kind of raw emulsions were prepared. In this study, 20% of 144 

fermented and unfermented Okara was added to research its effects on the emulsion-145 

type sausage. All the ingredients were mixed and cut into a fine emulsion by a bowl 146 

cutter below 12 °C at all times. The raw emulsions were then stuffed into 30 mm 147 

diameter casings and tied into about 150 mm long using a sausage stuffer, giving each 148 

sausage an weight approximate 60 g. At last, sausages were cooked for 30 min and 149 

cooled to room temperature rapidly, then stored at 4 °C, and taken out for determination 150 

of peroxide value after 0, 7, 14, 21 days.  151 

Determination of antioxidant activity  152 

One gram sample was mixed with 20 mL portion of distilled water and then 153 

incubating at 50 °C for 4 h with continuous shaking (150 rpm) in the water bath shaker. 154 

After centrifuged at 5000 g for 15 min (4 °C), the supernatant was collected and pellets 155 

were re-suspension with 20 mL of distilled water and centrifuged. The supernatants 156 

collected from the two centrifugation steps and then were pooled and filtered under 157 

vacuum through a 0.45 µm-membrane. The collected filtrates were evaporated using a 158 
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rotary evaporator (Heidolph Instruments Co., Ltd., Schwabach, Germany) to dryness 159 

under a reduced pressure at 50 °C, and then re-dissolved in a known volume (25 ml) 160 

for further analysis. 161 

The ABTS radical cation scavenging activity of fermented and non-fermented 162 

Okara was evaluated according to the method of Xiao et al. (2015a). ABTS radical 163 

cation solution was generated by mixing with 7 mM aqueous solution of ABTS radical 164 

cation with 2.45 mM aqueous solution of K2S2O8. Before used, ABTS radical cation 165 

solution was conducted in the dark place at room temperature for 16 h. The ABTS 166 

radical cation solution was diluted to an absorbance of 0.7 ± 0.02 at 734 nm by ethanol 167 

and equilibrated at 30 °C. 0.5 mL of Okara samples solution at different concentrations 168 

was mixed with 2 mL diluted ABTS radical cation solution and incubated 6 min. The 169 

absorbance was read using a spectrophotometer at 734 nm., The capability to scavenge 170 

the ABTS radical cation was calculated by using the following equation: 171 

ABTS radical cation scavenging activity (%) = [(Ablank - Asample)/(Ablank] × 100% 172 

The DPPH radical scavenging activity of the test samples was examined according 173 

to the method of Xiao et al. (2014). Briefly, 1 mL of Okara samples solution at different 174 

concentrations was mixed with 1 mL of 0.2 mM DPPH solution. After 30 min of 175 

incubation, the absorbance was read at 517 nm (Asample). The absorbance of the DPPH 176 

solution (ADPPH) was also read at 517 nm. The capability to scavenge the DPPH radical 177 

was calculated in light of the following equation: 178 

DPPH radical scavenging activity (%) = [(ADPPH - Asample)/ADPPH] × 100% 179 

Determination of TBARS values  180 
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On days 0, 7, 14 and 21, the thiobarbituric acid reactive substances (TBARS) 181 

values of randomly selected sausages (n=3) were analyzed as described by Tarladgis, 182 

Watts, & Younathan (1960) and Feng et al. (2013) with minor modification. 5 g samples 183 

were homogenized with 35 mL 0.1% EDTA in 7.5% trichloroacetic acid (TCA), The 184 

mixture was then shaken (150 rpm) for 30 min for better extraction, and filtered twice 185 

by Buchner funnel. After that, 5 mL filtrates were taken out and mixed with 5 mL 0.02 186 

mol·L-1 2-thiobarbituric acid solution (TBA) and then incubated at boiling water bath 187 

for 40 min, After cooled down to room temperature in cold flowing water, absorbance 188 

of the solutions was recorded at 532 nm using a Multiskan GO spectrophotometer 189 

(Thermo Fisher Scientific Co., Ltd., Waltham, MA, USA). Using the following 190 

equation to calculate the capability to scavenge the thiobarbituric acid reactive 191 

substances (TBARS) value:  192 

TBARS value (mg/kg) = A532× 7.8 193 

The results were expressed as mg MDA per kg sausage. 194 

Determination of peroxide values (ferric thiocyanate method) 195 

The peroxide values (POV) were measured by a method modified from the 196 

International Dairy Federation (74A:1991). Samples (2 g) was were homogenized and 197 

diluted to a volume of 10 mL with chloroform–methanol (7 + 3, v/v). 1mL homogenate 198 

was taken into test tube, and mixed with 50 µL ferrous chloride solution (20 mM in 3.5% 199 

HCl), then mixed with 50 µL ammonium thiocyanate solution (300 g/L). After 200 

incubated at room temperature for 5 min, the absorbance of the sample was determined 201 

at 500 nm against a blank that replaced the sample with chloroform–methanol (7 + 3, 202 
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v/v). The contents of lipid hydroperoxides (LOOH) in samples were calculated on the 203 

basis of an iron standard. 204 

Statistical analysis 205 

Each parameter was tested in triplicate samples, results were presented as the average 206 

and standard deviation values. The data were analyzed with SPSS version 18.0. One-207 

way analysis of variance (ANOVA) was used to evaluate the difference between means 208 

followed by Duncan’s test. The graphs were prepared using OriginPro 8 software 209 

(OriginLab Corporation, Northampton, MA, USA).  210 

Results and discussion 211 

Proximate Composition of Okara 212 

The changes in the proximate composition of Okara during SSF are presented in 213 

Table 2. The moisture content is an important parameter during SSF process. It was 214 

found in Table 2 that the moisture content of the Okara increased from 77.90% to 83.36% 215 

during the fermentation period, which could attribute to the metabolism of N. crassa 216 

during fermentation. In addition, Table 2 showed that SSF with N. crassa significantly 217 

increased crude fat, crude protein and ash content, and decreased the carbohydrate 218 

contents of Okara. Previous studies of SSF have also reported a significant increase in 219 

protein content as well as a remarkable decrease of the carbohydrate content when 220 

compared to the non-fermented samples counterparts (Reyes-Moreno et al., 2004; Xiao 221 

et al., 2015b). The increase of protein in the fermented Okara could be attributed to its 222 

accumulation during fermentation. Synthesis of new proteins has been reported to occur 223 

during fermentation in previous studies, and this probably explains this increase (Obeta 224 

1983). In addition, Sparringa & Owens (1999) have reported that fermentation for 72 h 225 

significantly (21.7%) increased the protein content, which may reflect an increase in 226 
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mould biomass. Additionally, the reduction of carbohydrates content might have been 227 

consumed by the N. crassa for its growth.  228 

The main dietary fiber in Okara are plant cell wall polysaccharides (Li, Qiao & Lu, 229 

2012). dietary fiber is an essential component of a healthy diet which has been 230 

established by the scientific community. The health effect of dietary fiber includes the 231 

regulation of the intestinal transit, and the prevention or treatment of diabetes, 232 

cardiovascular diseases and cancer (Macagnan, Silva & Hecktheuer, 2016). The SSF of 233 

Okara with N. crassa is a process by which insoluble dietary fiber is partially broken 234 

down into soluble dietary fiber. Table 2 shows the changes of total dietary fiber, 235 

insoluble dietary fiber, soluble dietary fiber after fermentation. The total dietary fiber 236 

and insoluble dietary fiber decreased from 66.6% to 46.61% and from 61.02% to 237 

40.15%, respectively. However, it was found that soluble dietary fiber increased from 238 

2.27% to 5.08%, which indicated that the dietary fiber of Okara was decomposed and 239 

consumed by N. crassa, and some insoluble dietary fiber was translated into suggested 240 

that N. crassa growth have degraded the Okara DF to produce lower molecular-weight 241 

soluble dietary fiber. Soluble fiber performs certain important physiological functions 242 

and builds up microflora by acting as a substrate food for beneficial microorganisms, 243 

therefore, it acts as a prebiotic and improves host health (Chawla & Patil, 2010). The 244 

increasing soluble dietary fiber content of Okara achieved by SSF with N. crassa is an 245 

interesting research work, which can produce sufficient health components.  246 

Growth of N. crassa during the SSF process 247 

Ergosterol is a specific indicator to fungi, thus, it was widely used as a sensitive 248 

and reliable indicator molecule for the quantitative measure of fungal biomass. In 249 

addition, ergosterol is also a precursor for the synthesis of vitamin D2 with important 250 

biological effects to the human health, so it can also provide the nutritional value for 251 
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fungal fermented food products (Klamer & Bååth, 2004). In this study, ergosterol 252 

content was measured which could use as the biomass quantitative marker of N. crassa 253 

during Okara fermentation. Ergosterol content of different fermentation time of Okara 254 

is shown in Figure 1. There are little ergosterol content in Okara at the beginning of 255 

fermentation (before 12 h), which indicated that N. crassa grown slowly. However, the 256 

ergosterol content was rapidly increased when the fermentation time was longer than 257 

12 h. For instance, the ergosterol content was only 17.35 µg/mg when N. crassa grown 258 

in Okara for 12 h, a significant higher ergosterol content (about 17.3 folds) after 36 h 259 

of fermentation. Li et al., (2015) have also reported the similar ergosterol content 260 

(maximum value was 375.3 µg/mg) of fermented Okara processed with P. aemulans. 261 

In addition, it was fond that there was no statistically significant increase of ergosterol 262 

content of fermented Okara when the fermentation time was longer than 36 h (p < 0.05). 263 

Besides, according to the growth status of P. aemulans. the mycelium of P. aemulans 264 

covered Okara completely after 48 h cultivation continually, as well as emitting a 265 

uniquely fresh flavor during that period. The obtained results indicated that the biomass 266 

of N. crassa reached the peak after 48 h of fermentation.  267 

Antioxidant activities of Okara  268 

At present, many different antioxidant assays with various mechanisms are 269 

employed to measure antioxidant activity (Shahidi & Zhong, 2015). It is very difficult 270 

to compare the results obtained from different assays for the variant in substrates, 271 

probes, reaction conditions and quantification methods (Sreeramulu et al., 2013). 272 

Therefore, in the present study, the two most commonly antioxidant assays (i.e., DPPH 273 

radical scavenging activity and ABTS radical cation scavenging activity) were explored 274 

to determine the antioxidant capacity of fermented and unfermented Okara, and the 275 

results are shown in Figure 1a-b.  276 
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DPPH is a stable nitrogen-centered and lipophilic free radical which is widely used 277 

in determining the free radical scavenging activity in a relatively short time as compared 278 

to the other assays. Through electron transfer or hydrogen atoms donation, antioxidant 279 

compounds neutralize the DPPH free radical character and thus violet colour of the 280 

reaction mixture is changed to yellow (Bhanja, Kumari & Banerjee, 2009).  281 

In the present investigation, the fermented Okara showed higher DPPH radical 282 

scavenging activity than unfermented Okara at different concentration. The 283 

concentration of fermented Okara increased from 1 mg/mL from 20 mg/mL resulted in 284 

significantly increased from 40.87 % to 82.37 % in DPPH radical scavenging activity, 285 

and when the concentration of fermented Okara continue increased to 40 mg/mL, DPPH 286 

radical scavenging activity increased insignificantly to 84.83%. But the DPPH radical 287 

scavenging activity of unfermented Okara keep in a low value, from 5.4% to 10.97%, 288 

did not markedly increase with increasing concentration like with fermented Okara. 289 

The ABTS radical cation solution possesses a distinctly blue green color which 290 

disappears quickly in the presence of antioxidants. The ABTS radical cation 291 

decolourisation assay also showed quite similar results compared to those results 292 

obtained in DPPH reaction.  293 

As shown in Figure 1a, the ABTS radical cation scavenging activity of fermented 294 

Okara is also higher than unfermented Okara, and was observed on the 20 mg/mL of 295 

concentration (90.88 %) as compared to 1 mg/mL (14.95%). The results were found to 296 

be significant at the p < 0.05 level.  297 

In the present study, both the ABTS radical cation and DPPH radical scavenging 298 

activities were enhanced after SSF with N. crassa. Enhanced DPPH radical and ABTS+ 299 

scavenging effects through microbial fermentation has been observed in many previous 300 

studies (Bhanja et al., 2009; Xiao et al., 2014). Salar, Certik & Brezova (2012) reported 301 
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that maize processed by SSF with the fungus Thamnidium elegans for 5 days 302 

significantly (p < 0.05) enhanced DPPH radical and ABTS radical cation scavenging 303 

activity, which might be associated to the release of more soluble bioactive compounds. 304 

Basically, SSF is a complex and mysterious biochemical process to increasing 305 

antioxidant activity. For instance, Angulo-Bejarano et al., (2008) and Xiao et al., 306 

(2015b) reported that chickpea processed by SSF with Rhizopus strains or Cordyceps 307 

militaris improved their nutritional properties with enhanced essential amino acids and 308 

in vitro protein digestibility. Li et al. (2013) have demonstrated that Okara processed 309 

by SSF with Morchella esculenta enhanced the antioxidant activity for the produced 310 

potent antioxidant polysaccharides. Shi et al. (2012) found that polysaccharides from 311 

fermented Okara showed strong antioxidant activity. In recent, Vong & Liu (2016b) 312 

have also reported that the health benefits and nutritional quality of Okara were 313 

enhanced by fermentation, and the fermented Okara is also an inexpensive substrate for 314 

extraction of bioactive substances. Therefore, fermented Okara with good antioxidant 315 

activity can be obtained by SSF. 316 

Change of lipid oxidative of sausages during storage 317 

Meat products are susceptible to lipid oxidation, because the process involves the 318 

oxidation of membrane-abundant polyunsaturated fatty acids (Murphy et al., 1998). 319 

POV is the most common method to measure hydroperoxides, which are the primary 320 

products of lipid oxidation. TBARS is a measure of malonaldehyde (MDA) a secondary 321 

product of lipids oxidation (Zaborowska et al., 2001). In this study, the lipid oxidative 322 

process of emulsion-type sausage was evaluated by the POV and TBARS values in 323 

order to determine how it was affected by the fermented and unfermented Okara powder 324 

at different storage time, and the results are shown in Figure 2a-b. The concentration of 325 

POV was significant (p < 0.05) at each storage day in the different treatments, and was 326 
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significant (p < 0.05) during storage in the same treatments. The sausage with fermented 327 

Okara powder addition has a smallest change in POV value after 21 days of storage, 328 

increased from 0.15 to 0.70 meq/kg. During the same period, the POV value of the 329 

sausage with unfermented Okara powder addition increased from 0.76 to 1.65 meq/kg, 330 

and the POV value of the sausage with no addition increased from 0.42 to 1.54 meq/kg. 331 

Similarly, the TBARS values of sausage with fermented Okara powder addition rose 332 

rapidly from 1.69 to 2.58 mg/kg, the TBARS value of the sausage with unfermented 333 

Okara powder addition increased from 0.90 to 4.55 mg/kg, and the TBARS value of 334 

the sausage with no addition increased from 0.85 to 3.79 mg/kg. Both the POV and 335 

TBARS value showed that the addition of fermented Okara powder had good effects 336 

for preventing lipid oxidation of sausage. 337 

Creation of antioxidant foods that can inhibit lipid oxidation, is expected to protect 338 

human health from many geriatric diseases. Lipid oxidation is generally induced by 339 

reactive free radicals and oxygen species (Zhang et al., 2015). Free radical scavenging 340 

antioxidants interfere with the initiation or propagation steps of lipid oxidation 341 

reactions by scavenging lipid radicals and forming low-energy antioxidant radicals that 342 

do not readily promote oxidation of unsaturated fatty acids (Frankel, 1998). The higher 343 

efficiency in prevention of the hydroperoxide formation correlated well with the higher 344 

DPPH and ABTS radical scavenging activities (Maqsood & Benjakul, 2010). Okara 345 

fermented by microbial prevent lipid oxidation has been observed in previous studies 346 

(Masako 1997), Masako reported that the baked goods with addition of fermented 347 

Okara showed reduced lipid oxidation and starch retrogradation during storage. 348 

Chamorro et al. (2015) has reported that grape pomace extracts contain bioactive 349 

antioxidants, can delay lipid oxidation during refrigeration of meat, and extending its 350 
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shelf-life. Therefore, fermented Okara with good antioxidant activity can be used as 351 

additive to prevent lipid oxidation of emulsion-type sausage. 352 

Conclusions 353 

Results of this investigation could obtain fermented Okara powder with both 354 

added nutritive value and good antioxidant activity, have a potential as food ingredient 355 

for developing a novel emulsion-type sausage that contains dietary fiber. Since the 356 

product with better functionality, lower cost, more nutritional benefit and longer storage 357 

life, is very importance for the emulsion processing industry. Meanwhile, the work may 358 

also be significantly beneficial toward waste treatment for the tofu processing industry. 359 

360 
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Fig. 1 Changes of ergosterol content of Okara fermented by N. crassa. The values 507 
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each bar indicate significant differences among different samples. ND = not detected. 509 

 510 

Fig. 2 ABTS radical cation scavenging activity (a) and DPPH radical scavenging 511 

activity (b) of Okara and fermented Okara at different concentration. The values shown 512 

represent means ± SD of triplicate assays (n = 3). Means with different letters were 513 

significantly different among different concentrations in the same sample (p < 0.05). 514 
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Fig. 3 Changes of lipid oxidation (TBARS) in emulsified pork sausages during 3 weeks 516 
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each storage day (p < 0.05) or storage weeks (a-d) in each treatment (p < 0.05). FS, 519 
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Table 1 523 

Formulation for sausage batters. 524 

Ingredients CK(g) US(g) FS(g) 

Pork shoulder 840 770 770 

pork back fat 360 330 330 

Unfermented Okara / 20 / 

Fermented Okara / / 20 

Water 240 320 320 

Salt (NaCl) 18 18 18 

Sodium nitrite 0.048 0.048 0.048 

Sodium tripolyphosphate 2.88 2.88 2.88 

Sodium pyrophosphate 1.92 1.92 1.92 

Aginomoto   2.4 2.4 2.4 

 525 

Table 2 526 

The changes of the proximate composition of Okara after incubation with N. crassa. 527 

  Unfermented Okara Fermented Okara 

Moisture (g/100g) 77.90 ± 0.24a 83.36 ± 0.39b 

Crude fat (g/100g) 6.67 ± 0.43a 9.52 ± 0.31b 

Crud protein (g/100g) 17.52 ± 0.22a 24.54 ± 0.28b 

Ash (g/100g) 2.81 ± 0.05a 3.86 ± 0.08b 

Total dietary fiber (g/100g)  66.60 ± 0.94b  49.28 ± 0.87a 

Insoluble dietary fiber (g/100g) 64.23 ± 1.03b  44.2 ± 0.7a 

Soluble dietary fiber (g/100g) 2.36 ± 0.19a 5.08 ± 0.51b 

Results are presented as the Mean ± SD (n = 3). Lowercase letters (a,b) in the same row 528 

indicate significant differences from each other (p < 0.05). The results of crude protein, 529 

crude fat, ash and carbohydrate contents were calculated based on the dry matter and 530 

expressed as grams per 100 g of dry basis. The moisture was calculated based on the 531 

wet matter and expressed as grams per 100 g of wet basis. 532 
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