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Abstract: Tempeh, a traditional Indonesian fermented soybean food, has recently been focused
because of its superior nutritive qualities and metabolic regulatory functions. However, this tempeh
can only be kept for 3 days and the overripe tempeh normally been discarded as waste or used as
animal feed. Despite of this, the overripe tempeh can be processed into useful functional ingredients
such as tempeh flour, defatted flour, soy protein isolated and protein hydrolysate. The present study
was carried with the aims to determine the phenolic acid content, flavonoid content and antioxidant
activities during the preparation of tempeh protein hydrolysate prepared from overripe soybean
tempeh. Sample consisted of all form of overripe tempeh by products which are tempeh flour (TF),
defatted flour (DTF), sot protein isolate (SPI) and the final product itself protein hydrolysate (PH).
The total and individual phenolic acids and flavonoids were determined by using high performance
liquid chromatography (HPLC). The determination of antioxidant activities (AOA), scavenging
capacity on 1, 1-diphenyl-2-picrylhydrazil (DPPH) radicals, ferric reducing antioxidant power
(FRAP) and B-carotene bleaching assays. A significant amount of flavonoids, phenolic acids, and
antioxidant activities were observed in the samples. The results showed five out of seven flavonoid
compounds detected in all samples where catechin (22.22 — 227.81 mg/g dry weight) and epicatechin
(106.74 — 283.11 mg/g dry weight) were the most abundant compounds identified. Nevertheless,
total flavonoid content showed significant increment (p<0.05) during the preparation of tempeh
protein hydrolysate from 198.53 mg/g to 680.11 mg/g dry weight. The trend was also observed in
phenolic acid content where it increased significantly (p<0.05) from 23.62 mg/g to 77.36 mg/g dry
weight for tempeh protein hydrolysate and the most abundant phenolic acids was found to be ferulic
acid. Correlations showed that increased in flavonoid and phenolic acid content contributed to the
high antioxidant properties where tempeh protein hydrolysate exhibited the highest antioxidant
properties compared to other form of samples resulted from PH processing. Therefore, PH can be
considered as potential functional food ingredients that can be used in food and pharmaceutical
applications.
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Introduction

Soybean (Glycine max cv. Merit) is a good source of proteins and bioactive compounds, such as vitamins,
carotenoids, saponins and phenolics. The benefits of soybean based foods for human health are well known, and
nowadays the demand for soybean products has increased because of the renewed interest in functional food.
Soybeans contain a high concentration of phenolic compounds (1), phenolic acids and flavonoids, among them
the most abundant are isoflavones, the health benefits of which are well recognised in the world (2). Tempeh is a
traditional food which is made by fermentation. The fermentation process of tempeh is to form it with a higher
digestibility, because its components have been broken down into simpler molecules. Fermentation is an ancient
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technology that remains one of the most practical methods for enhancing the nutritional and organoleptic
qualities of foods. It has been reported that the fermentation causes a general improvement in the nutritional
value of legumes (3). In general, fermentation of legumes leads to an improvement in their nutritional value,
such as in protein quality, increased palatability, increased levels of B vitamins (4). This process also decreases
the levels of antinutritional factors present in legume seeds, as phytic acid and flatulence-causing oligo-
saccharides a-galactosides (5). It has been reported that fermentation processes caused a significant increase in
the free radical scavenging capacity of legumes, which could be associated with changes in the phenolic
composition (6,7). This process also produced an increase in vitamin E, peroxyl-radical trapping capacity and
inhibition of per-oxidation, when soybean seed was fermented with different inoculum, as Aspergillus oryzae,
Rhizopus oryzae and Bacillus subtilis (8). Tempeh, a traditional Indonesian fermented soybean food, has
recently been focused on among the many fermented soybean foods, because of its superior nutritive qualities
and metabolic regulatory functions (9). Processing soybeans into tempeh by  fermenting with
the fungus Rhizopus ~ microsporus  var.  oligosporus improves  the texture, flavour and aroma
of the product. Fermentation improves the digestibility of many foods, increases nutritional values, and provides
important living enzymes and beneficial microorganisms to human body (10). The fermentation process also
reduces the phytic acid in soybeans (11) and increased its antioxidant activity, which is associated with
increased glucosidase and glucuronidase activities that release potent antioxidant substances by transformation
of flavonoids (12). During fermentation researcher reported that insoluble proteins were converted to soluble
components and increases the level of lysine and vitamin B and C (13). Protein hydrolysates have been
employed to provide nutrients for individuals who experience difficulties in the digestion of intact protein. The
functional and immunological properties of proteins can be improved by modification and thus the modified
proteins can be used in food systems as additives for beverage and infant formula, as food texture enhancers, or
as a pharmaceutical ingredient (21). Compared to acid or alkali hydrolysis, enzymatic hydrolysis of protein,
using selective protease, provides milder process conditions and little or no undesirable side reactions or
products. In addition, the final hydrolysate, after neutralisation, contains less salt and the functionality of the
final product can be controlled by selection of specific enzymes and reaction factors. Therefore, the objective of
this study is to evaluate the effect of each treatment on the antioxidant activity, phenolic acids and flavonoids
content for all the samples.

Materials and Methods
Tempeh

Soybean (Glycine max (L.) Merr.) was purchased from Country Organic Farm Selangor, Malaysia. Tempeh
inoculum (Rhizopus oligosporus) in powdered form was bought from Malaysian Agricultural Research and
Development Institute (MARDI), Serdang, Selangor, Malaysia.

Chemicals

Flavourzyme was purchased from NOVO Industri A/S (Copenhagen, Denmark). Solvents used were HPLC
grade. The HPLC grade standard compounds for phenolic acids were gallic acid, chlorogenic acid, caffeic acid,
vanillic acid, p-coumaric, sinapic acid and ferulic acid. The flavonoids compounds, catechin, epicatechin, rutin,
myricetin, quercetin, naringenin and kaempferol were purchased from Merck (Darmdstadt, Germany). The 1,1-
diphenyl-2-picryl-hydrazyl (DPPH), butylated hydroxyanisole (BHA), glacial acetic acid and butylated
hydroxytoluene (BHT) were purchased from Sigma Chemical Co. (St. Louis, MO).

Sample preparation

Tempeh stored for 3 days (72 hours) was submerged into liquid nitrogen before grinding. For tempeh flour
preparation, tempeh was ground using a grinder (Panasonic MX 7985), sifted 100 mesh and kept in polythene
bags and frozen (-20 °C) until further analysis. Defatted tempeh flour was prepared by immersing twice using
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hexane, 1:3 samples to solvent ratio with continuous stirring at 300 rpm for 30 minutes. Defatted sample was air
dried overnight in the hood while the SPI from defatted tempeh flour was prepared according to the method by
Chang-Qing and Hai-We (22).

Tempeh protein hydrolysate (PH) production

Enzymatic hydrolysis was based on Xiang Zhen et al. (23) with some modifications. Optimisation of the
hydrolysis conditions was carried out by employing the response surface methodology (RSM) using a central
composite rotatable design (CCRD). The CCRD with three factors and five levels was applied. The two
dependent Y-variables evaluated the total flavonoid content (TFC) and glutamic acid content (GAC). Hydrolysis
was carried out in a stirred, thermostatically controlled 500 ml reactor using the pH-stat method in controlled
hydrolysis conditions time (t), pH, temperature (T), enzyme—substrate ratio (E/S) and substrate concentration
(S). During each hydrolysis, pH was maintained constantly at7.5by addition of 2.0 M NaOH. Reactions were
terminated by adjusting the pH of the solution to 4.5. After the reaction period, the mixture was cooled, adjusted
to pH 7.0 with NaOH or HCI solution and was heated at 95 °C for 10 minutes to inactivate the enzyme. Then the
mixture was centrifuged at 10,0009 for 20 minutes at 4 °C in a refrigerating centrifuge. The supernatant was
freeze-dried and stored at -20 °C. The percentage yield of PH was 47.85 %.

Sephadex Column Chromatography

All the samples (TF, DTF, SPI and PH) were fractionated on a Sephadex LH-20 column (2.60 cm, particle size)
25-100 um; Pharmacia, Uppsala, Sweden) using methanol as the elution solvent. Fractions were collected using
an LKB FRAC-100 collector (Pharmacia) and were further analysed by HPLC-DAD.

HPLC Analysis for Phenolic Acids

The identification and quantification of phenolic acid compounds were carried out by HPLC analysis. It was
performed on an Agilent Technologies apparatus composed of a Quat pump and a 996 photodiode array detector
(DAD). The column was a C-18 (4.6-250 mm; Shimpack VP-ODS), and its temperature was maintained at 40
°C. The flow rate was 0.5 mL/min. The mobile phase used was 82 % deionized water (A) versus 18 %
acetonitrile (B) for a total running time of 40 minutes with the injection volume of 20 pl.

HPLC Analysis for Flavonoids

The HPLC system used to analyse the flavonoids consisted of a Quat pump and a 996 photodiode array detector
(DAD). The column employed was a C-18 (4.6-250 mm; Shimpack VP-ODS). A gradient of two solvents, A
and B, was used. Solvent A consisted of 2 % acetic acid in water and solvent B of methanol, acetic acid, and
water (18:1:1). The following proportions of solvent B were used for elution: 0-20 min, 25-100 %; 20-24 min,
100 % and 24-30 min, 25 %. The column temperature was maintained at 30 °C, and the flow rate was 1
mL/min.

DPPH Radical Scavenging Assay

The DPPH (1,1-diphenyl-2-picryl hydrazyl) radical scavenging effect was evaluated according to the method
employed by Na Mee et al. (24). Four milliliters of methanolic solution of varying sample concentration (25, 50,
100, and 150 pg/mL) was added to 10 mL of DPPH methanol solution. After the two solutions had been gently
mixed and left for 30 min at room temperature, the optical density was measured at 520 nm using a Shimadzu
UV-160 A spectrophotometer. The test samples and positive controls ascorbic acid and a mixture of BHA/BHT
were tested over a range of concentrations The antioxidant activities of each test sample and controls were
expressed in terms of concentration required to inhibit 50 % DPPH radical formation (1Cso, pg/mL) and
calculated from the log-dose inhibition curve.
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Ferric Reducing Antioxidant Power Assay (FRAP)

FRAP assay also benefits from electron-transfer reactions. A ferric salt, Fe (1ll) (TPTZ), Cl3(TPTZ= 2,4,6-
tripyridyls-triazine) is utilised as antioxidant (25). The ferric reducing antioxidant power (FRAP) assay is based
on a SET (Single electron transfer) reaction and quantifies the ability of the antioxidant to reduce a ferric 2,4,6-
tripyridyl-s-triazine salt (Fe**-TPTZ) to the blue coloured ferrous complex (Fe?*-TPTZ) at low pH (Jimenez-
Alvarez et al, 2008). In the FRAP assay, excess Fe®" is used, and the rate-limiting factor of Fe?*-TPTZ, and
colour formation show the reducing ability of the sample (26). FRAP values are estimated by measuring the
absorbance increase at 593 nm of the sample and an antioxidant standard solution (trolox solution).

p-Carotene Bleaching Assay

A solution of 3-carotene was prepared by dissolving 2 mg of 3-carotene in 10 mL of chloroform. One milliliter
of this solution was then pipetted into a round-bottom flask. After removal of chloroform under vacuum, using a
rotary evaporator at 40 °C, 20 mg of linoleic acid, 200 mg of Tween 20 emulsifier (Aldrich Chemical, Co.,
Milwaukee, WI) and 50 mL of oxygenated distilled water were added to the flask, which was shaken
vigorously. Aliquots (5 mL) of this prepared emulsion were transferred into a series of glass vials containing
200 ppm of each extract or 200 ppm of BHA/BHT that was used as a positive control for comparative purposes.
As soon as the emulsion was added to each vial, the zero time absorbance was read at 470 nm. Absorbance
readings were then recorded at 15 min intervals until the control sample had changed colour. The absorbance
was then recorded at hourly intervals until the colour of [-carotene in the experimental samples had
disappeared. During the experiment all samples were kept in a water bath at 50 °C. Absorbance decreased
rapidly in samples without an antioxidant, whereas in the presence of an antioxidant they retained their colour.

Statistical Analysis

The data obtained were analysed by using SAS software (Version 9). All data were presented as mean value
with their standard deviation indicated (mean + SD). Variance analysis (ANOVA) was performed, with a
confidence interval of 95 % (p<0.05) and correlation in all samples with the analysis was conducted by using
Pearson correlation.

Results and Discussion
Identification and Quantification of Phenolic Acids

A reverse-phase HPLC technique was used to identify the major phenolic compounds in all sample extracts. The
identification was based on comparisons of the chromatographic retention time in sample extracts with those of
authentic standards. Gallic acid, chlorogenic acid, caffeic acid, vanillic acid, p-coumaric acid, sinapic acid and
ferulic acid were the phenolic acid component identified in the current work and the results are shown in Table
1. In all standards tested, ferulic acid and chlorogenic acid showed the highest concentration, followed by gallic
acid, sinapic acid, p-coumaric acid, vanillic acid and caffeic acid. On the other hand, sinapic acid and ferulic
acid were not detected in TF sample. The results revealed that enzymatic hydrolysis process of PH found to
increase the phenolic acid content as depicted by significantly high concentration of all phenolic acids standards
tested as compared to SPI, DTF and TF. There were an increased in the ferulic acid (100 %), sinapic acid (100
%), p-coumaric acid (81.7 %), and chlorogenic acid (11.24 %) in the SPI when compared to the TF (p<0.05).
The concentration was significantly increased after enzymatic hydrolysis by flavourzyme to form PH. The
enzymatic hydrolysis process of PH caused an increment of 35.76 % in ferulic acid, 12.39 % in chlorogenic
acid, 82 % in gallic acid, 55.63 % in sinapic acid, 45.29 % in p-coumaric acid and 0.58 % in vanillic acid more
than SPI. However, results showed that there were no significant differences in caffeic acid content between all
samples. In total, PH contained the highest concentration of phenolic acids while the TF contained the lowest.
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Thus, the phenolic acid content were in the ascending order PH > SPI > DTF > TF. The data obtained revealed
that the phenolic acids content was found to be increased during the preparatory steps of PH.

Investigation on the effect of enzymatic hydrolysis treatments, on the content of bioactive compounds of the PH
revealed that treatments had a significant increment on the content of phenolic acid compounds. This is
primarily related to the biotransformation of polyphenols from their glycosidic to aglycone forms during
hydrolysis (29). Moreover, enzymatic extraction of phenolic antioxidants from the vegetable matrix may occur
via hydrolytic degradation of the cell wall polysaccharides, which can retain phenolics in the polysaccharide-
lignin network by hydrogen or hydrophobic bonding. Another mechanism may be the direct enzyme catalysed
breakage of the ether and/or ester linkages between the phenols and the plant cell wall polymers, as mentioned
by Pinelo et al. (30). This increment can be explained in terms of the hydrolytic capacity of enzymes to degrade
the main components of the cell wall, releasing sugars from macro-molecules like cellulose, hemicellulose and
pectin. A similar behaviour has been referenced previously by Barzana et al. (31) for the carotenoids extraction
from marigold flowers.

After enzymatic hydrolysis, the active ingredients may also dissolve more easily in the extraction medium.
Previously, Laroze et al. (32) demonstrated that the use of commercial pectinases (Grindamyl™ CA 150;
Danisco, Palo Alto, CA, USA, and Maxoliva®; DSM, Heerlen, The Netherlands) affects the increase of the total
phenolic acids content and the antioxidant activity. Also, after hydrolysis of polyphenol glycosides by using j3-
glucosidase from Rhizopus oligosporus (33,34), it was observed that the phenolic acid content increased by 66
% (from 3.0 to 5.0 mg/g) with the biotransformation of seed cake (5 g of aronia pomace and 5 g of evening
primrose cake) (35). The main mechanisms of enzymatic hydrolysis are the conversion of water-insoluble
components into water soluble materials (36). Heo et al. (37) reported that enzymatic hydrolysis of brown
seaweeds resulted in high bioactive compound yield and showed enhanced biological activity compared to water
and organic extract counterparts. Alrahmany et al. (38) reported that the enzymatic hydrolysis of oat bran
possibility caused an increased in the concentration of total phenolic acids upon treatment with carbohydrases.

Table 1: Phenolic acids profile of TF, DTF, SPI and PH

Samples (mg/g dry weight)

Compounds
TF DTF SPI PH
L 2.86 = D bF C
Gallic acid 0.085C 1.84 +0.15° 2.52+0.12 14.00 + 0.54*
L 15.74 17.51 +
Chlorogenic acid 0.04°A 15.29 £ 0.27°A 0.415A 19.68 £ 0.28%
L 1.05+ E G G
Caffeic acid 0,012 1.11+0.10° 1.05+0.04*¢ 1.01+0.01°
illi i 334+ aB aE aF
Vanillic acid 0.02® 3.43+0.06 3.39+£0.09 3.41+0.15
L 0.67 + o« bD aF
p-coumaric acid 0 13 2.40+0.06 3.66£0.13 6.69 £ 0.39
S
&  Sinapic acid ND 0.30+0.15F  4.25+0.26°C 9.58 +0.57%°
(&)
E o 16.89 %
c cA aA
é Ferulic acid ND 15.15+1.84 1 3408 22.93+1.73 Data  are
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expressed as mean value of replication (n) + SD (standard deviation). Means with different small letter within a
row were significantly different (Duncan’s test, p<0.05). Means with different capital letter in the same column
indicates no significant differences (Duncan’s test, p<0.05).

Identification and Quantification of Flavonoid Compounds

Flavonoids are a group of polyphenolic compounds, diverse in chemical structure and characteristics, found
ubiquitously in plants. The structural requirements for the antioxidant and free radical scavenging functions of
flavonoids include a hydroxyl group in carbon position three, a double bond between carbon positions two and
three, a carbonyl group in carbon position four, and polyhydroxylation of the A and B aromatic rings. Moreover,
flavonoids and flavones are widely distributed secondary metabolites with antioxidant and antiradical properties
(39). Seven standards of flavonoids (catechin, epicatechin, rutin, myricetin, quercetin, naringenin and
kaempferol ) were used in this study. Generally there were significant changes in the flavonoid profiling due to
the preparatory process from TF to PH as shown in Table 2. Overall, flavonoids compound rutin and myricetin
were not detected in all samples.

However, in the present work, it was found that enhancement in some of the flavonoid compounds and
simultaneously reduced in some of them were observed in the DTF as compared to the TF (Table 2). On the
other hand, consulate accumulations of flavonoid acids were observed as a result of enzymatic hydrolysis
process. The results revealed that the enzymatic hydrolysis increased the catechin (82.64 %), epicatechin (41.98
%), quercetin (45.54 %), naringenin (4.49 %) and kaempferol (22.96 %) in the PH sample as compared to the
SPI. Thus it can be suggested that the enzymatic process enhanced the extraction of flavonoid active compound
in PH sample. This statement is strongly proven by the high amount of kaempferol detected (51.25 mg/g of dry
weight), since kaempferol was reported as a rare flavonoid compound found in plants (40). However, there was
no significant difference if naringenin content among TF and DTF, SPI and PH samples. In fact, the flavonoid
content found in PH sample was relatively higher than the other protein hydrolysate especially from fish as
reported by the previous researchers. Zhuang et al. (41) reported undetectable naringenin, quercetin and rutin in
fish protein hydrolysate from Sardinella longiceps. Thus the flavonoid contents were in the ascending order of
epicatechin > catechin > kaempferol > naringenin > quercetin.

The greater flavonoid content observed in the current work as compared to previous work could be due to the
efficiency of the solid phase extraction method by using Sephadex column chromatography used to extract the
active compounds in this study. This extraction method had allowed the specific flavonoid to be extracted
without interference by other complex matrices. Whereas, most of the previous works applied the common
extraction procedure to extract the flavonoid active compounds. Thus, there were possibilities that the flavonoid
acids were not fully extracted in the previous work. Moreover, the greater flavonoid content found in PH may
also be contributed by the stability of flavonoid to heat during hydrolysis. In fact, it was reported that heat and
enzyme substrate during hydrolysis may have allowed more flavonoids out of the cell matrix, since flavonoid
compounds are more stable to the thermal effect than phenolic acids (42). Jun et al. (43) reported that
kaempferol content in green tea increased after conducting enzymatic hydrolysis by using several enzymes
combination where complete bioconversion of two kaempferol glycosides to pure kaempferol occur during
hydrolysis were detected.
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Table 2: Qualitative and quantitative content of flavonoids of TF, DTF, SPI and PH

Samples (mg/g dry weight)

Compounds
TF DTF SPI PH
Catechin 2222£066° 2885328  3953+168°  SoTULE
Epicatechin 137114421 111.87+335% 16426 +4.98%  283.11+383%
Rutin ND ND ND ND
Myricetin ND ND ND ND
Quercetin 13.74+054°  1290+0.40®°  1619+0.16"°  29.73+ 1.40%
< Naringenin 2723 +086%  27.06+0.26®  3526+250C 3692+ 1.21%
o
c_% Kaempferol 21.97+0.68°  2416+104C 3048+ 162%8  51.25: 208
LL

Data are expressed as mean value of replication (n) + SD (standard deviation). Means with different small letter
within a row were significantly different (Duncan’s test, p<0.05). Means with different capital letter in the same
column indicates no significant differences (Duncan’s test, p<0.05).

Antioxidant Activities (DPPH Radical Scavenging Assay, Ferric Reducing Antioxidant Power Assay (FRAP)
and p-Carotene Bleaching Assay)

As a chemical structure of phenolic compounds is responsible for their antioxidant activity (AOA),
measurement and identification total phenolic acid and flavonoid content could be related to antioxidant activity
of investigated material. Plants play an important role in health promotions through free radical scavenging
activity (44). The relatively stable DPPH radical has been widely used as substrate to test the ability of
compounds to act as free radical scavengers or hydrogen donors and thus to evaluate the antioxidant activity
(45). AOA of tempeh flour, defatted tempeh flour, soy protein isolate of tempeh and tempeh protein
hydrolysate is presented in Table 3. The 1Cso values were used to report the DPPH" scavenging capacity of all the
four samples. The ICsq is the required initial concentration of a selected antioxidant sample to quench 50 % of
the free radicals initially in the reaction system; therefore, a higher 1Cso value corresponds to a lower AOA in the
sample (46). There were statistically significant differences (p<0.05) in obtained 1Cs, value according to
samples. 1Cso value, expressed in ug/pl dry weight, ranged from 145.08 to 185.76. Among all the samples
analysed, PH exhibited the highest AOA with the lowest ICs value. The AOA of samples were in correlation
with phenolic acids content as shown in Table 3. With increasing in phenolic acids content, ICso value decreases,
which indicate higher AOA. The PH with highest content of phenolic acid, had a lowest 1Csp value therefore
exhibited highest AOA. The rise in phenolic acids content and flavonoid content of PH may be due to
hydrolysis of some high molecular weight components, and changing these components from insoluble to
soluble ones in the extraction medium. The high scavenging ability of PH may be attributed to its higher
phenolic and flavonoid contents (47). The increased in AOA in alkaline hydrolysed extracts of some medicinal
plants had also been reported by Madhujith and Shahidi (48). Similarly, Qiu et al. (49) found an increased in the
AOA after alkaline hydrolysis of wild rice whole grain. Flavonoids are considered as phenol compounds with
highest AOA due to their chemical structures. Among all flavonoids, catechin and quercetin showed one of the
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highest AOA (50). Positive correlations in all samples were found between phenolic acid content with DPPH,
FRAP and B-Carotene (r>= 0.9219, 0.9898 and 0.9549, respectively) and flavonoid content with DPPH, FRAP
and B-Carotene (r? = 0.7109, 0.9665 and 0.8027, respectively) as shown in Table 4. Therefore, the tempeh PH
showed significantly highest (p<0.05) in phenolic acids content and flavonoid content as well as the highest
AOA in all assays (DPPH = 145.08 ng/ul, FRAP = 33.49 mM TE/g dry and -Carotene = 93.19%) compared to
other samples. TF showed the lowest TPC and TFC content (37.37 mg GAE/g dry weight and 31.03 mg QE/g
dry weight, respectively) exhibited the lowest AOA (p<0.05) in all assays as well. The high scavenging ability
of PH may be attributed to its higher phenolic and flavonoid contents (51).

Ferric reducing antioxidant power (FRAP) method is appropriate to measure the total antioxidant capacity and
state of medicinal herbs before using in phytotherapy (52). There is a positive relationship reported between
phenolic acid compounds and AOA of many plant species. Therefore, PH could act as electron donors and may
react with free radicals and convert them to stable products, hence terminating the radical chain reaction (53).
As shown in Table 2, the antioxidant capacities of samples varied significantly (p<0.05) among all samples. The
PH showed the highest FRAP expressed as mM TE/g dry weight (33.49 + 1.24) followed by SPI1 (15.92 + 0.46),
DTF (8.11 + 0.51) and TF (3.25 + 0.18). Hence, the order of FRAP of the samples were as follows: PH > SPI >
DTF >TF. The good correlation between the two methods employed for the determination of AOA (FRAP and
DPPH?e) suggested that the antioxidant compounds from tempeh PH possessed both reducing power and radical
scavenging capacity. Other authors also found positive correlations between the phenolic content and AOA in
seed cake extracts and indicated that a high level of polyphenols results in high free radical-scavenging activity
(54, 55).

The antioxidant assay using the discoloration of B-carotene is widely employed to measure the AOA of
bioactive compounds, because [3-carotene is extremely susceptible to free radical-mediated oxidation of linoleic
acid (56). In this assay, B-carotene undergoes rapid discoloration in the absence of antioxidant, which results in
a reduction in absorbance of the test solution with increasing reaction time. The presence of antioxidant hinders
the extent of bleaching by neutralising the linoleic hydroperoxyl radicals formed. The AOA of samples as
measured by B-carotene bleaching are reported in Table 3. All samples inhibited the oxidation of B-carotene to
different degrees. PH showed higher ability to prevent bleaching of B-carotene than the SPI, DTF and TF
samples (p<0.05). Furthermore, as can be seen in Table 3 the AOA of PH increased after the hydrolysis process.
These results demonstrated that PH had strong effects against the discoloration of B-carotene. However, the
inhibitions of B-carotene bleaching by PH were lower than that obtained from BHA (95.27%).

Findings from this study revealed that hydrolysis of SPI from tempeh to PH have profound effects on recovery
of antioxidants. Overall, PH had the highest AOA compared to TF, DTF and SPI where the contribution of the
high value is due to the high total phenolic acid and flavonoid content. Moreover, the increased in AOA in all
sample tested also associated with the hydrolysis of glycoside molecules and with the increase of free hydroxyl
groups in the flavonoid ring (57). Due to safety concerns associated with the use of synthetic antioxidants, such
as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA) and t-butyl hydroquinone (TBHQ) as
preservatives during processing of lipid containing foods, therefore, PH from soybean tempeh can be developed
as an alternate to be natural and safer antioxidants from plant sources.
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Table 3: Antioxidant Activity of Tempeh Flour, Defatted Tempeh Flour, Tempeh Soy Protein Isolate and
Tempeh Protein Hydrolysate

Samples/ Standards Antioxidant Activity

DPPH (ICso), FRAP, mM TE/g -Carotene Bleaching
ug/ml) dry weight Assay (% Inhibition)
Butylated hydroxyanisole (BHA)/ 119.00 + 3.14¢ - 95.27 + 1.06?
Butylated hydroxytoluene (BHT)
Ascorbic Acid (AA) 106.5 + 1.26f - -
Tempeh Flour (TF) 185.76 + 4.942 3.25 +0.18¢ 48.83 + 1.36°
Defatted Tempeh Flour (DTF) 161.43 + 1.92° 8.11 + 0.51° 65.62 + 0.62¢
Tempeh Soy Protein Isolate (SPI) 155.70 + 4.85° 15.92 + 0.46° 82.23 + 2.65°¢
Tempeh Protein Hydrolysate (PH) 145.08 + 4.28¢ 33.49 + 1.24? 93.19 + 1.82°

Data are expressed as mean value of replication (n) + SD (standard deviation); the same letter in the same
column indicates no significant differences among samples/standards (Duncan’s test, p<0.05).

Table 4: Pearson correlation of all samples (TF, DTF, SPI and PH) between phenolic acids content and
flavonoid content with antioxidant activity assay

Pearson Correlation DPPH FRAP B-Carotene

Phenolic Acids Content 0.9219 0.9898 0.9549

Flavonoid Content 0.7109 0.9665 0.8027
Conclusion

The present work investigated the changes in phenolic acid content, flavonoid content and antioxidant activity
during preparatory steps of PH. The preparatory steps of PH involved the production of TF, DTF and SPI from
overripe tempeh. There were significant increment in all the 3 components stated (phenolic acid content,
flavonoid content and AOA). Compounds that exhibited in the high AOA are gallic acid, chlorogenic acid,
caffeic acid, vanillic acid, p-coumaric acid, sinapic acid, ferulic acid, catechin, epicatechin, quercetin,
naringenin and kaempferol. Therefore, from these findings PH has the potential to be used as functional
ingredients in the food and pharmaceutical applications.
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