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ABSTRACT. Leucaena leucocephala (lmk.) de Wit) (leed tree) seeds have been fermented by Indonesian as a traditional food 

which is called tempeh. The fermentation products of legume seeds are good functional foods, since they contain many 

bioactive compounds. The objective of this study was to determine the bioactive compound contents of fermented lead tree 

seed, such as total phenolic, ascorbic acid, β-carotene and -tocopherol. Antioxidant activity testing was carried out using 

the thiobarbituric acid reactive substances (TBARS) method. Analysis of total phenolics, ascorbic acid, β-carotene and -

tocopherol were carried out using the folin-ciocalteu method, iodine titration, spectrophotometry and iron (III) chloride-

thiocyanate, respectively. Rhizopus oligosporus was used to ferment lead tree seeds for 0, 1, 2, 3 and 4 days. Fermented 

leed tree seed powder was extracted with petroleum ether followed by ethanol. In comparison to unfermented leed tree seed 

powder, the β-carotene and -tocopherol of the fermented seed powder increased. The greatest enhancement of β-carotene 

and -tocopherol contents were observed at day 2 of fermentation. The highest antioxidant activities of fermented leed tree 

seeds were also obained at day 2 of fermentation with 55.55±4.59 and 74.46±3.49% inhibition in petroleum ether and 

ethanol extracts, respectively. The results show that lead tree seed tempeh has high antioxidant activity due to the bioactive 

compounds contains, such as  phenolics, β-carotene and -tocopherol. Therefore, leed tree seed tempeh could be used for 

possible commercial production of functional food to alleviate oxidative stress.  
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INTRODUCTION  

Fermentation has been applied to enhance the 

nutritional and antioxidant properties of cereal and 

legume seeds (Brou et al., 2009; Jirapa, Jarae, 

Phanee, & Jirasak, 2016; Megat, Azrina, & 

Norhaizan, 2016; Nazarni, Purnama, Umar, & Eni, 

2016; Phattayakorn, Pajanyor, Wongtecha, 

Prommakool, & Saveboworn, 2016). Microbial 

fermentation of cereals and legumes by fungi, yeasts, 

or bacteria has an impact on the releasing or 

increasing phenolic acids, flavonoids, saponins, 

phytosterols, vitamin A and E (tocopherols). The 

changes of protein and phenolic grains composition 

during fermentation are influenced by the metabolic 

activities of the specific starter used, cultivation 

conditions, and the effect of proteinases or other 

enzymes  involved in phenolics and protein 

metabolism (Verni, Verardo, & Rizzello, 2019).  

Several  studies  have  been reported about diversity 

of microorganisms used in fermented foods, such as 

Rhizopus oligosporus, Rhizopus microspores, Bacillus 

sp.,  Lactobacillus  sp.,   Aspergillus  sp.,   Mucor  sp.,  

Actinomucor sp., Bifidobacterium sp. (Rashad, 

Mahmoud, Abdou, & Nooman, 2011; Verni et al., 

2019).  

Fermentation process of soybean produced 

a significant increase in the levels of complex 

biochemical metabolism, mainly phenolic 

compounds, protein and vitamins. Therefore, it affects 

the beneficial biological effects associated with these 

bioactive components (Amadou, Yong-Hui, Sun, & 

Guo-Wei, 2009; Bavia et al., 2012; Duenas et al., 

2012; Bei, Wu, & Chen, 2020). Koji is a fermentation 

product of black beans by Aspergillus sp. and Rhizopus 

sp., which is known for their great nutritious properties 

consist of vitamin E, carotenoids, saponins, 

isoflavones and anthocyanins. The metabolic activities 

rises phenolics and anthocyanins contents which 

causes in increasing antioxidant activities (Kumar et 

al., 2021). In Indonesia, the fermentation product of 

soybean by Rhizopus sp. is called as tempeh. Apart 

from soybean-based tempeh, a variety of legumes and 

seeds, such as barley, chick pea, cowpea, ground 

bean,  horse  bean,  lima  bean,  pea, oats, sorghum, 
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 wheat, corn, rice, lentils have been used as raw 

materials for making tempeh (Astuti, Meliala, Dalais, 

& Wahlqvist, 2000; Vital et al., 2018).  

Leucaena leucocephala (lead tree) is a legume and 

belongs to Fabaceae family, sub family Mimosoideae 

(Muhammad et al., 2019). Lead tree seeds contain 

lipids, protein and carbohydrates and are consumed 

by humans in processed and unprocessed forms. Seed 

and leaf of L. leucocephala contain the same 

compounds, such as apigenin, formic acid, caffeic 

acid, isorhamnetin, luteolin, keampferol, and 

quercetin. However, the compounds in seed are 

higher than the compounds in leaf (Zarina, Ruzaidi, 

Sam, & Al Bakri, 2019).  

To develop health food ingredients, we have 

previously performed germination on L. Leucocephala 

and investigated the antioxidant activity of the sprouts 

(Suryanti, Marliyana, & Putri, 2016). Germination for 

4 days affected the greatest enhancement in 

antioxidant activity by 2.78 fold and affected a 

significant increased in total phenolics content by 

7.29, β-carotene by 3.27, ascorbic acid by 3.81 and 

-tocopherol by 4.58 fold, respect to imbibed seeds. 

The findings suggested that L. leucocephala sprouts 

could be considered as a source of natural 

antioxidant.  

In the present study, we performed fermentation on 

lead tree seeds using R. oligosporus and evaluated 

bioactive compounds such as total phenolics, β-

carotene, ascorbic acid and -tocopherol contents 

during fermentation periods. We also investigated the 

correlation between the antioxidant activity of lead tree 

tempeh and their bioactive contents. 

 

EXPERIMENTAL SECTION 

Materials  

Lead tree seeds were supplied from local market. 

Seeds were cleaned and stored in darkness in 

polyethylene containers at 4°C. All the chemicals used 

were of analytical grade, purchased from Merck 

Chemical Company (Merck, Germany). 

Microorganism  

R. oligosporus was obtained from Inter University 

Centre of Food and Nutrition (Pusat Antar Universitas), 

Universitas Gadjah Mada, Indonesia. Yeast was 

maintained on potato dextrose agar (PDA) and stored 

at 4°C and sub-cultured monthly. For inoculums 

preparation, the culture was streaked onto PDA slant 

and incubated at 30°C for 48 h. Sterilized water (9 mL) 

was added to PDA slant for growing broth culture.  

The media were made from rice grains (50 g) and 

water (50 mL). It was autoclaved at 121°C, 1 atm for 

15 mins for making porridge. After cooling down to 

room  temperature,  It was inoculated with broth 

culture  of  R. oligosporus (1 mL) and incubated at 

30°C on a shaker at 200 rpm for 48 h. After oven-

dried  at 50°C for 6 h, cultured rice flour was 

pulverized using blender to a fine powder. The 

obtained powder culture was used for inoculation of 

lead tree seeds. The powder culture was stored in glass 

containers at 4°C for further use.  

Fermentation and Freeze-Dried 

Lead tree seeds (400 g) were boiled in 2 L water 

for 60 minutes, cooled and cleaned to remove the 

hulls. The de-hulled and cleaned cotyledons were 

soaked in water for 2 days by changing the water two 

times. The water was discarded and the cotyledons 

were washed several times, and drained. The clean 

cotyledons were placed on aluminium foil and then 

autoclaved at 121°C for 15 min. The cotyledons were 

cooled down to room temperature and 80 g of 

cotyledons were placed in a petri dish and then 

inoculated with powder culture of R. oligosporus (1% 

w/w). They were then incubated at 30°C for different 

times of fermentation including 0, 1, 2, 3 and 4 days.  

Fresh tempeh were freeze-dried, milled, and passed 

through a sieve of 0.5 mm. The tempeh flour was 

stored in glass containers at 4°C for further analysis.  

Preparation of Extracts 

The powdered tempeh (20 g) was transferred into 

a Soxhlet apparatus and extracted in the Soxhlet 

extractor using 300 mL petroleum ether for 6 h. The 

residue was sequentially macerated with 100 mL 

ethanol and allowed to stand for 24 h. The samples 

were filtered with filter paper and the residue was 

further macerated twice under the same conditions. 

The collected filtrates were combined and 

concentrated using a rotary evaporator (Bibby RE 200) 

under reduced pressure. The extracts were were kept 

in dry clean black glass bottle at 4ºC for further 

analysis. 

Determination of Total Phenolics Content 

Total phenolics content was determined using the 

Folin-Ciocalteu method (Baba, & Malik, 2015). A 

calibration curve of chlorogenic acid was prepared 

and the results were expressed as chlorogenic acid 

equivalents (mg CAE/g dry matter). In this method, 0.1 

g of extract, Folin-Ciocalteu’s reagent (1 mL) and 

saturated Na2CO3 solution (2 mL) were added into a 

test tube. A control sample was prepared at the same 

time using distilled water (1 mL), Folin-Ciocalteu’s 

reagent (1 mL) and saturated Na2CO3 solution (2 mL). 

Ingredients in test tubes were well mixed using vortex 

and left in a dark place for 2 hours. Absorbance was 

measured at 760 nm using an UV mini 1240 

spectrophotometer (Shimadzu, France).  

Determination of β-Carotene  

β-Carotene content of petroleum and ethanol 

extracts were measured according to Jaramillo et al. 

(2018) with some modification. As much as 0.1 g of 

extract was weighed and dissolved in 5 ml of 

petroleum eter:acetone = 1:1, homogenized in a 

homogenizer at 1000 rpm  for 5 mins. The 

supernatant was taken and measured the absorbance 

at 450 nm. β-Carotene was used as a standard for 

calibration curve. 
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Determination of Ascorbic Acid 

Ascorbic acid concentration was measured by 

redox titration using iodine solution (Ismail & Hussain, 

2014). 0.1 g of extract was dissolved in 100 mL of 

distilled water. 50 mL aliquot of the sample solution 

was pipetted into a 250 mL conical flask and added 2 

mL of 1% starch indicator solution (0.5 g of soluble 

starch and 50 mL of near boiling water were stirred to 

dissolve and cooled before using). The sample was 

titrated with 0.005 M iodine solution (2 g of potassium 

iodide and 1.3 g of iodine were dissolved in 1 L of 

distilled water). The endpoint of the titration was 

identified as the first permanent trace of a dark blue-

black colour due to the starch-iodine complex.  

Determination of -Tocopherol 

-Tocopherol was evaluated according to 

Emmerie-Engel reaction (AOAC, 2019). 0.5 mg of 

extract in 1 ml of ethanol, 3.5 mL of tween 80, 3.5 ml 

of 0.2% 2,2’-bipyridine in ethanol were placed in a 

4-ml glass test tube and were thoroughly mixed. 0.5 

ml of 0.02% M FeCl
3 solution in ethanol was added, 

followed by mixing with a vortex mixer. After 10 mins, 

0.2 ml of 0.001 M H2PO4 solution in ethanol was 

added and the contents of the tubes were again 

thoroughly mixed. Standards of D--tocopherol were 

prepared at the same time. The absorbance of the 

solutions was determined at 520 nm using a 

Gilford model 240 spectrophotometer.  

Determination of Thiobarbituric Acid Reactive 

Substances (TBARS) 

The test was conducted using thiobarbituric acid 

reactive substances (TBARS) assay (Leon and Borges, 

2020). Petroleum and ethanol tempeh extracts (at 50, 

100 and 200 mg/L concentration) were added to 10 

mL of soybean oil. The reaction mixture was then kept 

in the oven at 170ºC for 15 mins.  Sample solution 

(1.0 mL) was added to the 3.0 mL of 2-thiobarbituric 

acid (TBA) solution (solution of 0.375 g 2-

thiobarbituric acid and 15 g of trichloroacetic acid 

(TCA) in 1.5 mL of 0.25 M HCl) and the mixture was 

then made up to 100 mL with distilled water. The 

resulting mixture was vigorously mixed and placed in 

a boiling water bath for 15 mins. After cooling, it was 

then centrifuged at 4000 rpm for 5 mins. Absorbance 

of the supernatant was measured at 530 nm. TBA 

method described antioxidant activity by percent 

inhibition:  

% Inhibition =

Abs of control - Abs of sample

Abs of control

 ×100 

Butylated hydroxytoluene (BHT) was used as a 

standard and the unfermented seed extract was used 

as a control.  

Statistical Analysis 

Experimental results were performed in triplicate 

and the data are expressed as means ±standar 

deviation. The results were compared by one-way 

Analysis of variance ANOVA. A difference was 

considered statistically significant if p ≤ 0.05. 

Gas Chromatography-Mass Spectroscopy (GC-MS) 

The ethanol extract of BR-NI and BR-200 were 

analyzed by Shimadzu QP2010S GC-MS. The GC-MS 

was run using EI 70 Ev ionizing type, Rtx 5 Ms column 

type having diameter of 0.25 mm and column length 

of 30 m, injector temperature of 300°C, column 

temperature of 70°C, split less injection method, 

detector temperature of 300°C and carrier gas He of 

13.7 kPa. 

 

RESULTS AND DISCUSSION  

The powdered tempeh from 0 to 4 days at 24 h 

intervals were taken, identified hereafter as LT0, LT1, 

LT2, LT3 and LT4, respectively. The duration of this 

fermentation period was based on the laboratory 

observation, since lead tree seed tempeh was over 

fermented in longer periods. The complete 

fermentation of seed was reached during the 

approximately 2 days process and mycelium spread 

among the interstice of lead tree seeds (Figure 1). As 

a result, the 2 days fermented lead tree seeds was 

softer, white in colour and had a compact form. After 

2 days, the sensory profiles (such as color and odor) 

of fermented lead tree seeds were developed, because 

mycelium was over grown. At 3 days fermentation, the 

fermented lead tree seed was light brown in colour, 

mushy, slimy and smells bad. 

No single solvent may be reliable to extract all the 

bioactive compounds from samples because of its 

variation in solubility and polarity (Dai and Mumper, 

2010; Zia et al., 2020). In the current study, the 

samples were extracted with petroleum ether and 

sequentially with ethanol. Using different polarity of 

solvents, it was expected there would be different types 

of bioactive compounds present in the extracts. 

The petroleum ether extract showed the presence 

of -carotene and -tocopherol and the absence of 

phenolic compounds and ascorbic acid (Table 1). 

Chlorogenic acid was used for establishing the 

standard curve (0–100 mg/L, Y = 0.0083x+0.0465, 

R
2
=0.9888) for phenolic compounds evaluation. D--

tocopherol was used to obtaine the standard curve (0–

5 μg/L, Y=0.1207x+0.9915, R
2
=0.9915) for -

tocopherol calculation. The deviation standard values 

are less than 10% of means value which are 

acceptable. The ethanol extract show the presence of 

phenolic compounds and the absence of -carotene, 

-tocopherol and ascorbic acid. Murphy (1982) 

observed that tempeh preparation which are grain 

soaking, de-hulling and cooking can result in loss of 

soluble substances, such as minerals, sugar and water 

soluble vitamins, from whole grains. Heat treatment in 

the cooking process causes changes in the nutrition 

and  texture  of the food (Liu et al., 2020). Similar 

result was obtained in this study, ascorbic acid was 

present at 78.10±5.41 (mg/100g) in whole grains LT, 
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Figure 1. L. leucocephala tree (left), seeds (middle) and tempeh (right). 

 

while it was not found in both unfermented seeds 

extracts LT0. Although it was insignificant, tempeh 

preparation reduced the -carotene and phenolic 

compounds contents and increased the -tocopherol 

content from whole grains LT. 

The petroleum ether extract showed the presence 

of -carotene and -tocopherol and the absence of 

phenolic compounds and ascorbic acid (Table 1). 

Chlorogenic acid was used for establishing the 

standard curve (0–100 mg/L, Y = 0.0083x+0.0465, 

R
2
=0.9888) for phenolic compounds evaluation. D--

tocopherol was used to obtaine the standard curve (0–

5 μg/L, Y=0.1207x+0.9915, R
2
=0.9915) for -

tocopherol calculation. The deviation standard values 

are less than 10% of means value which are 

acceptable. The ethanol extract show the presence of 

phenolic compounds and the absence of -carotene, 

-tocopherol and ascorbic acid. Murphy (1982) 

observed that tempeh preparation which are grain 

soaking, de-hulling and cooking can result in loss of 

soluble substances, such as minerals, sugar and water 

soluble vitamins, from whole grains. Heat treatment in 

the cooking process causes changes in the nutrition 

and texture of the food (Liu et al., 2020). Similar result 

was obtained in this study, ascorbic acid was present 

at 78.10±5.41 (mg/100g) in whole grains LT, while it 

was not found in both unfermented seeds extracts LT0. 

Although it was insignificant, tempeh preparation 

reduced the -carotene and phenolic compounds 

contents and increased the -tocopherol content from 

whole grains LT.    

The -Carotene, -tocopherol and phenolics 

contents increased to reach their maximum on the 

second day after fermentation and thereafter an 

insignificant decrease was observed (p>0.05). The 

ethanol  extract  of  LT2 showed a total phenolic 

content of 46.99±1.53 mg CAE/100g dw (dried 

weight) and the  petroleum ether extract of LT2 

exhibited -carotene and -tocopherol contents of 

269.18±10.82 and 488.64±11.37 mg/100g dw, 

respectively. -Carotene, -tocopherol and total 

phenolic compounds in LT2 increased by 3.77, 10.51 

and 4.31%, respectively, compare to the cooked 

unfermented seeds LT0. Statistical analysis revealed 

that -tocopherol content of LT2 was significantly 

higher  from those of LT, LT0 and LT1 (p<0.05) (Table 

1). However, although they were an increased in the 

-carotene and phenolics contents of LT2 respect to 

the cooked unfermented seeds LT0, they were not 

significantly different from those of LT0 and LT1. 

Phenolics are usually found in conjugated forms 

through  hydroxyl  groups with sugar and glycosides 

in plant materials (Metsa¨muuronen, & Sire´n, 2019;  

Bei et al., 2020).  Phenolics compounds possess 

antioxidant activities (Suryanti, Kusumaningsih, 

Marliyana, Setyono and Trisnawati, 2020). During 

fermentation, several enzymes are produced, such as 

-amylase, -glycosidase and xylanase, and catalyse 

the release of the phenolics from  the  lead  tree seeds 

substrate (Oliveira, Cipolatti, Furlong, & Soares, 

2012; Leite, Silva, Salgado, & Belo, 2019) evidenced 

by the gradual increase  observed for 2 days. The 

decrease in the -carotene, -tocopherol and 

phenolics contents after 2 days fermentation probably 

resulted  from degradation of those compounds. 

These results are comparable to previous reports 

which  indicated  that antioxidant compounds 

increases with fermentation duration and decrease 

after certain period of time because of degradation 

(Oliveira et al., 2012; Leite et al., 2019).  

In this  present study, the thiobarbituric acid 

reactive substances (TBARS) assay was used to 

determine  the  antioxidant activity of the extracts. 

Table 2  shows  antioxidant  activity  of  lead  tree  

seeds  during  fermentation period. Although it was 

not significantly different (p>0.05), the antioxidant 

activity of LT0 was lower than that of LT. Possibly, 

because processes used in tempeh preparation such 

as heating of the seeds may degrade certain 

antioxidative  phytochemicals, resulting in the 

decrease  of  antioxidant activity.  During  

fermentation, the antioxidant activity increased to 

reach its maximum on the second day and thereafter 

a slight decrease was observed.  
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Table 1. -Carotene, -tocopherol and total phenolic contents in the tempeh extracts  during fermentation 

period 

 

Samples 

Petroleum Ether Extract Ethanol Extract 

-Carotene 

(mg/100g dw) 

-Tocopherol 

(mg/100g dw) 

Total Phenolics  

(mg CAE/ 100 g dw) 

LT (raw seeds) 262.71±3.26 387.72±17.33 48.84±0.73 

LT0 (day 0) 259.39±16.66 442.16±19.96 45.05±0.53 

LT1 (day 1) 262.97±20.47 460.48±20.01 46.55±1.46 

LT2 (day 2) 269.18±10.82 488.64±11.37 46.99±1.53 

LT3 (day 3) 264.01±17.93 467.75±7.34 45.86±1.80 

LT4 (day 4) 263.35±17.58 442.66±31.34 45.09±5.86 

 

Table 2. Antioxidant activity of tempeh extracts at different fermentation time determined by TBARS assay 

 

Sample 

Antioxidant Activity (% inhibition) 

Petroleum Ether Extract Ethanol Extract 

50 mg/L 100 mg/L 200 mg/L 50 mg/L 100 mg/L 200 mg/L 

LT 

(raw seeds) 
21.05±6.11 33.90±9.52 49.47±1.94 31.66±3.78 40.08±7.61 54.34±2.50 

LT0 (day 0) 19.68±2.44 33.76±2.07 48.40±3.55 33.39±5.73 33.30±5.73 53.19±2.87 

LT1 (day 1) 25.44±3.86 35.49±3.27 50.67±2.39 37.43±3.89 37.43±3.89 62.25±4.93 

LT2 (day 2) 26.79±4.96 40.38±6.53 55.55±4.59 45.79±8.51 45.79±8.51 74.46±3.49 

LT3 (day 3) 25.20±1.75 38.84±4.41 52.46±1.27 44.55±4.10 44.55±4.10 73.17±1.56 

LT4 (day 4) 24.66±8.46 37.15±4.75 51.01±4.01 42.07±4.78 42.07±4.78 72.32±3.56 

 

 

  

Figure 1. GC Spectrum of ethanol tempeh extract. 

 

Table 3. Identified compounds of ethanol tempeh extract by GC-MS analysis. 

Peak number Retardation time 

(mins) 

% area Molecule formula Compound 

8 36.933 4.12 C9H12O2 nonanoic acid  

12 40.465 12.71 C18H32O2 9,12-octadecanoic acid 

 

At 200 mg/L concentration of extracts, the 

antioxidant activities of petroleum ether and ethanol 

extracts were 55.55±4.59 and 74.46±3.49% 

inhibition, respectively. In this case, an increase of 

14.77 and 39.99% of antioxidant activity were 

observed in petroleum ether and ethanol extracts, 

respectively. Both petroleum ether and ethanol extracts 

exposed similar results that the highest antioxidant 

activities of tempeh were achieved after being 

fermented for 2 days. Antioxidant activities of LT2 in 

petroleum ether extract was significantly different from 

LT0 and LT1 (p<0.05). Similarly, antioxidant activity of 

LT2 in ethanol extract was also significantly different 

from LT0 and LT1 (p<0.05). Although it was 
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insignificantly different (p>0.05), the antioxidant 

activity of LT3 was lower than that of LT2. Further 

decrease in the antioxidant activity of tempeh was 

observed at 4 days fermentation. The degradation of 

antioxidant compounds in LT3 and LT4 may occurred, 

following in the decrease of antioxidant activity.  

Overall, the inhibition capacity percentage of the 

polar fraction of ethanol extract was higher than 

petroleum ether one with less polar fraction, which 

might be due to the difference in solvents polarity and 

consequently the type of extracted compounds. There 

is significant difference between petroleum ether and 

ethanol extracts (p<0.05). In this study, we showed 

that antioxidant activity of tempeh extracts were 

dependent on the solvent.  

Antioxidant activities of standard synthetic 

antioxidant Butylated hydroxytoluene (BHT) were 

73.17±1.66, 86.02±0.77 and 92.27±0.86 at 

concentration of 50, 100 and 200 mg/L, respectively. 

Antioxidant activity of the ethanol extract at 

concentration of 200 mg/L at LT2 was equal to the 

antioxidant activity of the positive control Butylated 

hydroxytoluene (BHT) at concentration of 50 mg/L 

(p<0.05). 

The ethanol extract chemical composition was 

further investigated by GC-MS analysis. Although the 

GC spectrum revealed 15 compounds, only 2 

compounds were able to identify based on their 

similarity index of Mass-Spectroscopy library (Figure 

1). They are identified as nonanoic acid and 9,12-

octadecanoic acid (Table 3). The polyunsaturated fatty 

acid, namely 9,12-octadecanoic acid, may give a 

significant contribution in antioxidant activities of 

ethanol extract. Although there is no evidence yet that 

9,12-octadecanoic acid has an antioxidant activity, 

several polyunsaturated fatty acids have been reported 

to have antioxidant activities. Richard et al. (2008) 

provided cellular evidence for the antioxidant actions 

of polyunsaturated fatty acids, namely 

eicosapentaenoic acid. Ambrozova, Pekarova, & 

Lojek (2010) reported that omega-3 (alpha-linolenic, 

docosahexaenoic, eicosapentaenoic) and omega-6 

(arachidonic, linoleic) have antioxidant activities by 

inhibiting reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) formation. 

The variety antioxidant activity of samples can be 

ascribed on the type and polarity of the extracting 

solvent, the isolation procedures, type and purity of 

active compounds and the test system (Altemimi, 

Lakhssassi, Baharlouei, Watson, & Lightfoot, 2017; 

Tzanova, Atanasov, Yaneva, Ivanova, & Dinev, 2020, 

Leite et al., 2019). The results showed a significant 

different in the antioxidant activity of lead tree seeds 

after fermentation in petroleum ether and ethanol 

extracts. Additionally, increase in antioxidant activity 

was found to be significantly dependent on the applied 

solvents. This might be due to difference in solvent 

polarity and consequently type of the extracted 

compounds. 

CONCLUSIONS   

Fermentation of lead tree seeds by R. oligosporus 

for 2 days exhibited the highest bioactive compound 

contents and antioxidant activity. In respect to the 

cooked unfermented seeds, -carotene, -tocopherol 

and total phenolic compounds contents increased by 

3.77, 10.51 and 4.31%, respectively. The results 

suggested that lead tree seeds tempeh obtained from 

day 2 of fermentation could be used for possible 

commercial production of functional foods.  
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