Journal of Food and Nutrition Research, 2019, Vol. 7, No. 8, 605-612
Available online at http://pubs.sciepub.com/jfnr/7/8/8
Published by Science and Education Publishing
DOI:10.12691/jfnr-7-8-8

Nutrition Content, Protein Quality, and Antioxidant
Activity of Various Tempeh Gembus Preparations
Diana Nur Afifah1,2,*, Atika Rahma1, Shinta Sarining Nuryandari1, Lola Alviche1, Pipih Indriyamti Hartono1,
Dewi Marfuah Kurniawati1,2, Hartanti Sandi Wijayanti1,2, Deny Yudi Fitranti1,2, Rachma Purwanti1,2
1

Department of Nutrition Science, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia
2
CENURE, Centre of Nutrition, Universitas Diponegoro, Semarang, Indonesia
*Corresponding author: diananurafifah@live.undip.ac.id

Received July 11, 2019; Revised August 15, 2019; Accepted August 23, 2019

Abstract Tempeh gembus is a fermented product of tofu processing that offers fairly good nutritional content at
an affordable price. However, different food preparation techniques can change the nutrient content of this food
product. This study aimed to determine a tempeh gembus preparation method that produces optimal nutrient content,
protein quality, and antioxidant activity. Fresh, fried, steamed, and bromelain-added tempeh gembus samples were
analyzed for moisture, ash, fat, protein and amino acids, protein digestibility, dietary fiber, isoflavone content, and
antioxidant activity and then compared. Fresh tempeh gembus contained 1.87% fat, 11.09% dietary fiber, 4.90%
protein, 89.67% protein digestibility, 14.03% amino acids, 48.07% antioxidant activity, 0.05% genistein, and 0.07%
daidzein. Steamed samples contained less total fat (1.22%), dietary fiber (8.95%), protein (3.90%), protein
digestibility (48.68%), amino acids (13.52%), and antioxidant activity (39.72%) but greater genistein (0.07%) and
daidzein (0.09%) content versus fresh. Fried samples contained more total fat (18.23%), dietary fiber (22.24%),
antioxidant activity (61.00%), and genistein (0.08%) versus fresh but lower total protein (3.92%), protein
digestibility (47.68%), amino acids (4.10%), and daidzein (0.10%). Tempeh gembus with added bromelain contained
1.66% fat, 9.80% dietary fiber, 5.12% protein, 67.16% protein digestibility, 13.99% amino acids, 62.04%
antioxidant activity, 0.06% genistein, and 0.07% daidzein. Addition of bromelain to tempeh gembus produced
optimal nutrient content, protein quality, and antioxidant activity profiles relative to fresh samples, steaming, and
frying.
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1. Introduction
Tempeh gembus is a source of vegetable protein derived
from tofu dregs fermented with Rhizopus oligosporus that
have health benefits [1,2,3,4,5] and fairly good nutrient
content, including complete macro- and micronutrients [6].
In general, tempeh gembus contains 50% carbohydrates,
20-30% protein (39.39% soluble), 10-20% fat, including
both monounsaturated (36.53% oleic acid) and
polyunsaturated (26.83% linoleic acid; 2.46% linolenic
acid) fatty acids (FAs), as well as other minerals and
phytochemicals, such as antioxidant [7] and isoflavones
[8,9,10]. Moreover, the amino acid composition of
tempeh gembus is quite complete and can be a source of
bioactive peptides [11,12]. Bioactive peptides are
specific fragments of primary proteins that are thought to
influence physiological function and health [13], largely
by readily absorbing free radicals [14]. Bioactive peptides
produced by soybeans are known to have various

physiological functions, such as antioxidant and anticancer
activity.
Tempeh gembus is a very popular fermented food
widely consumed in Indonesia due to its affordability and
good taste. Tempeh gembus is usually eaten as a side dish
or as a snack. [15]. Tempeh gembus is usually consumed
after thorough cooking, typically involving heat. Common
cooking methods include steaming and frying in oil.
Steaming is preferable because it maintains the natural
taste, minimizes loss of components and nutrients that
cannot withstand high heat [16] and does not increase the
fat content [17]. Frying, on the other hand, makes the
tempeh gembus more durable and imparts more flavor but
does increase the fat content and can damage essential
FAs and saturated FA formation in the food ([18].
Furthermore, excess heat reduces the protein and amino
acid content in most food products [19]. Another way,
tempeh gembus is processed by adding the bromelain
enzyme. Bromelain catalyzes the breakdown of proteins
into amino acids that are more easily digested by the
body [20] Addition of bromelain will produce protein
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hydrolysates that can be utilized as flavor enhancers and
improve the functional properties of the food [21,22].
Addition of bromelain can increase the number of
available amino acids and may also affect the antioxidant
activity and isoflavone content in tempeh gembus [6].
Because the way in which food is prepared can have very
different effects on its nutrient content, the present study
aimed to determine which tempeh gembus cooking
method commonly used in Indonesia results in optimum
nutrient content, protein quality, and antioxidant activity.

2. Materials and Methods
2.1. Samples
Samples of tempeh gembus processed from local
soybeans were obtained from Semarang, Central Java,
Indonesia. Samples were divided into four groups based
on preparation method: unprepared (fresh), fried, steamed,
and addition of bromelain. Each sample of tempeh gembus
weighed 100 g. Fried samples were prepared in a deep-fat
fryer at 160°C for 6 min, while steamed samples were
prepared at 90°C for 10 min by steam blanching. Samples
with added bromelain were pureed in a blender without
water before adding the enzyme to a final concentration of
500 ppm bromelain per 100 g tempeh gembus then
incubated at 55°C for 6h in a water bath for enzymatic
activation, followed by inactivation at 100°C for 10 min.

2.2. Nutrient Analysis
2.2.1. Moisture Content
Nutritional analysis was performed using several tests.
Determination moisture content based in AOAC 2000. [1]
Dry the empty dish and lid in the oven at 105°C for 3
hours and transfer to desiccator to cool. Weigh the empty
dish and lid. Weigh about 3 grams of sample to the dish.
Spread the sample to the uniformity. Place the dish with
sample in the oven. Dry for 3 hours at 105°C. After drying,
transfer the dish with partially covered lid to the
desiccator to cool. Reweigh the dish and its dried sample.
Calculate based on formula:
Moisture ( % ) =

(W 1 − W 2 )
W1

× 100

W1= weight (g) of sample before drying
W2=weight (g) of sample after drying
2.2.2. Ash Content
Ash was assessed using a drying method. Place about 2
to 4 mgs of sample, accurately weighted, taken in a silica
crucible. Spread the material in an even layer and crucible
keep in muffle furnace allow the temperature to each
600°c and constant for 2 hours, until it is white, indicating
the absence of carbon cool in desiccators and weight. Ash
can be calculated by using formula: Ash value % =
Weight of Ash/Weight of sample x 100 [2].
2.2.3. Fat Content
The multienzyme method (AOAC 1995) was used to
analyze dietary fiber. Heat 220 ml ethanol 95 % to 60°C
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and add to the contents of each beaker. Allow the
precipitate to settle for at least 1 h at room temperature
and then, decanting under slight vacuum, filter through
the prepared glass filter crucibles (wash residues
remaining in the beaker into the crucible with small
amounts of ethanol 78%). Prepare the glass filter
crucibles used as follows: Heat the thoroughly cleaned
glass crucibles for 1 h at 525°C, add approximately
1 g Celite® 545 (ignited overnight at 525°C, cooled, and
stored in a stoppered container), dry overnight at 105°C,
cool and weigh to the nearest 0.1 mg. In order to avoid
negative blank values, new crucibles will need to the
prepared repeatedly as described. Crucibles should be
cooled and stored in a desiccator until required. Wash the
residues with 3 × 15 ml ethanol 78 %, then rewash with
2 × 10 ml ethanol 95% and 3 × 10 ml acetone. Dry
overnight at 105°C, cool and weigh to the nearest 0.1 mg
[3]
2.2.4. Protein Content
Protein content was assessed using the Kjeldahl
method. Two grams of powdered sample was digested
in a Kjeldahl digestion flask by boiling with 20 ml of
concentrated H2SO4 and a Kjeldahl digestion tablet
(catalyst) until the mixture was clear. The digest
was filtered into a 250 ml volumetric flask and
the solution made up to mark with distilled water
and connected for distillation. Ammonia was steam
distilled from of the digest to which had been added
50 ml of 45% sodium hydroxide solution. 150ml of
the distillate was collected in a conical flask containing
100 ml 0.1N HCl and methyl red indicator. The ammonia
that distilled into the receiving conical flask reacted
with the acid and the excess acid in the flask was
estimated by back titration against 2.0M NaOH with
colour change from red to yellow (end point).
Determinations were made on all reagents alone (blank
determinations) [4].
2.2.5. Protein Digesbility
Protein digestibility were analyzed by the in vitro
method. Specimens were placed on ice and midgut gland
were dissected. Samples were immediately stored at
–20°C. Samples of individuals from the same treatment
were pooled. Frozen midgut gland was homogenized in
chilled distilled water and centrifuged for 30 min (10,000
g at 4°C). The lipid layer was removed and total soluble
protein was evaluated in the supernatants, with albumin
from chicken egg white (Sigma) as standard. Total
proteinase activity was assayed using 1% azocasein in 50
mM Tris-HCl buffer, pH 7.5 [5].
2.2.6. Dietary Fiber Content
Amino acid and isoflavone (genistein and daidzein)
content were analyzed using high performance liquid
chromatography (Shimadzu CBM 20A). Fifty milligrams
of dried sample were placed in a test tube with ground
glass stopper and mixed with 5 mL of citrate phosphate
buffer (pH 4.6) containing 10 mg β-glucosidase (37 units).
The sample was hydrolyzed at 37°C for 4 h, and 5 mL of
ethanol was added. After centrifugation for 10 min, 8 mL
of the supernatant was dried in a vacuum evaporator. The
dietary isoflavones were analyzed using HPLC (Shimadzu,
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Kyoto, Japan) equipped with a diode array detector
(260 nm). The compounds were identified by retention
times and spectra in comparison with standards and
quantified by the peak area [6].
2.2.7. Amino Acids Content
FA composition was examined by GC chromatography
was performed with a Shimadzu GC2010 chromatography
system (Shimadzu Scientific Instruments, Columbia, MA,
USA) equipped with an auto sampler and a flame ionization
detector. Helium was used as carrier and make-up gas.
The injection volume was 1 µl, which was used with a
split ratio of 1:50, or alternative ratios as reported elsewhere
in the text. The injection port and detector temperatures
were 240 and 250°C, respectively. The column temperature
program was as follows: temperature was held at 30°C for
2 min, increased to 180°C at 20°C /min, held at 180°C for
2 min, increased to 207°C at 4°C /min, held at 207°C for 3
min, increased to 220°C at 2 °C /min, held at 220°C for 2
min, and then increased to 240°C at 2°C/min before
finally being held at 240°C for 2 min [7].
2.2.8. Fatty Acids Content
Protein fraction profiles were analyzed using SDS-PAGE
method with 12% of acrylamide. Mix the samples with
sample buffer (loading buffer). Heat them in boiling
water for 5-10 min. Load prepared samples into wells and
make sure not to overflow. Don't forget loading protein
marker into the first lane. Then cover the top and connect
the anodes. Set an appropriate volt and run the
electrophoresis when everything's done. As for the
total running time, stop SDS-PAGE running when the
downmost sign of the protein marker (if no visible sign,
inquire the manufacturer) almost reaches the foot line of
the glass plate. Generally, about 1 hour for a 120V voltage
and a 12% separating gel. For a separating gel posessing
higher percentage of acrylamide, the time will be longer
[8].
2.2.2. Genistein and Daidzein Content
Antioxidant activity was analyzed by the diphenyl
picryl hydrazyl hydrate (DPPH) method. Diluted sample
(25 µL) was mixed with DPPH solution (40 µL,
0.4 mg/mL) which was served as a control, then,
filled up with methanol to 250 µL. The mixtures were
incubated at 37°C for 30 min, and then measured at
517 nm. The antioxidant activities were expressed as
the percentage of DPPH radical elimination which was
calculated from the formula: [(Ablank − Asample)/Ablank] ×
100%, where Ablank and Asample were the absorbance
of black DPPH solution with addition of sample,
respectively. Sample concentration providing 50%
inhibition (IC50) was calculated from the graph plotting
the inhibition percentage [9]

2.3. Statistical Analysis
The present study used a descriptive design to
determine the nutritional content and quality of proteins,
amino acids, FAs, isoflavones, and antioxidant activity.
Each sample group was analyzed in duplicate.

3. Results and Discussion
3.1. Moisture Content
Table 1 shows steaming produced the highest water
(65.22%) and fried tempeh gembus had the least water
(44.65%). Steaming temperatures cause breakdown of
carbohydrates, fats, and proteins, allowing water to bind
these damaged compounds [17]. Interestingly, the
moisture content of tempeh gembus prepared with addition
of bromelain was lower (61.64%) than fresh samples
(63.76%). This likely occurred via evaporation during the
incubation process, together with hydrolysis reactions
catalyzed by bromelain that require water as a substrate. It
has been shown previously that a decrease in moisture is
directly proportional to the concentration of the enzyme
added and length of incubation [6]. Furthermore, the high
temperatures used in frying cause evaporation of water on
the food surface, and absorption of oil by food products is
known to replace existing water content [31].
Table 1. Nutrient content and protein quality of various
preparations of tempeh gembus
Bromelain
added
(w/w %)
Water
63.76 ± 0.14 65.22 ± 0.22 44.65 ± 0.35 61.64 ± 0.17
Ash
0.55 ± 0.01 0.63 ± 0.01 0.57 ± 0.00 0.57 ± 0.00
Total Fat
1.87 ± 0.02 1.22 ± 0.02 18.23 ± 0.22 1.66 ± 0.01
Total Protein 4,90 ± 0.01 3.90 ± 0.01 3.92 ± 0.05 5.12 ± 0.04
Protein
89.67 ± 2.71 48.68 ± 0.59 47.68 ± 0.17 67.16 ± 0.04
Digestibility
Total Dietary
11.09 ± 0.20 8.95 ± 0.10 22.24 ± 0.00 9.80 ± 1.11
Fiber
Nutrient
content

Fresh
(w/w %)

Steamed
(w/w %)

Fried
(w/w %)

3.2. Ash Content
As expected, steaming, fried, and bromelain-added
preparations tempeh gembus samples had higher ash
content (0.63%, 0.57%, and 0.57%, respectively)
compared to fresh (0,55%). Higher temperatures increase
ash content by causing the loss of water in food [10]. Thus,
the ash content is likely affected by the moisture present in
tempeh gembus samples; the higher the moisture, the
lower the ash produced [11].

3.3. Fat Content
Table 1 shows the highest fat content was found in fried
tempeh gembus (18.23%). This is not surprising as frying
causes water evaporation and absorption of the cooking oil
by the food; longer and higher frying temperatures will
cause greater oil absorption [12]. Moreover, steamed and
bromelain-added preparations had lower fat content
(1.22% and 1.66% respectively) than fresh (1.87%).
Higher temperatures can affect the level of fat damage
because the properties of fat that cannot heat up can even
evaporate into other components [10].

3.4. Protein Content
The highest protein content was found in tempeh
gembus with added bromelain (5.12%). Degradation
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of proteins by proteases like bromelain produces peptones,
polypeptides, amino acids, ammonia, and other nitrogenous
elements [13], which increases the total protein content
detected. Steamed and fried tempeh gembus had lower
protein content (3.9% and 3.92% respectively) than fresh
(4.9%) likely because proteins coagulate, causing them to
lose their binding power by mild denaturation and release
any bound water [14]. Frying lowers the protein content as
very high temperatures result in the complete destruction
of proteins. In addition, the cooking oil used in frying will
push out and occupy any empty cavities left by the
evaporated water, causing the protein concentration per
unit weight of material to decrease [10].

3.5. Protein Digestibility
Steaming, fried, and bromelain-added preparations
tempeh gembus samples had lower protein digestibility
(48.68%, 47.68%, and 67.16%, respectively) compared to
fresh (89.67%). Protein digestibility illustrates the content
of dissolved amino acids. Protein breakdown into amino
acids by enzymes can increase protein digestibility [15].
However, tempeh gembus with added bromelain underwent
enzymatic inactivation by heating to 100°C, a temperature
actually results in a decrease in protein and amino
acid digestibility. Furthermore, the dissolved protein
content will decrease as more bromelain is added
due to an increase in hydrolysis reactions which
reduce the weight of protein molecules and increase
the number of polar clusters. A greater number of
hydrolyzed peptide bonds means fewer are counted as
soluble proteins [16].
Dissolved proteins, low molecular weight peptides, and
free amino acids will dissolve during the steaming process.
Such easily denatured protein increases the number of
available amino acids and is, therefore, easily digested and
absorbed. Those amino acids that are hard to absorb will
be eliminated from the body [14]. The decrease in
digestibility that occurs in fried tempeh gembus is due to
the Maillard reaction which causes crosslinking so that the
closed side of the protein can be attacked by enzymes. It
may also be due to inhibition of enzyme penetration into
the protein substrate [17].

3.6. Dietary Fiber Content
The level of dietary fiber obtained from the reduction of
residue with protein content and ash content [18]. Frying
tempeh gembus resulted in higher dietary fiber (22.24%)
compared to steaming (8.95%) and bromelain-added
(9.8%) preparations as a result of the Maillard reaction.
This nonenzymatic browning reaction occurs between
reducing sugars with free amino acid groups or nitrogen
components in three main stages. The first involves sugar
and amine condensation followed by Amadori rearrangement.
In the second stage, sugars become dehydrated and
fragmented, and the amino acids are degraded. The third
stage includes condensation of aldehydes, formation of
heterocyclic nitrogen compounds [19], and change of
carbonyl compounds into compounds of high molecular
weight [20].
The reduction of dietary fiber in steamed tempeh
gembus samples is due to hydrolysis, which breaks down
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polymers (polysaccharides) into monomers (monosaccharides)
involving water. Moreover, heating can speed up this
reaction because it is endothermic [21]. The level of
dietary fiber was also lowered by addition of bromelain
compared to fresh tempeh gembus because inactivation of
the enzyme involves warming resulting in hydrolysis.

3.7. Amino Acid Content
All of the tempeh gembus preparations contained 15
amino acids (9 essential, 6 nonessential). Table 2 shows
the amino acid composition of each of the various tempeh
gembus preparations on a dry basis. Overall, fresh,
steamed, and bromelain-added preparations had the
highest levels of both essential and nonessential amino
acids.
The total amount of amino acids in fresh tempeh
gembus on a dry bases was highest. Steaming lowered the
total amino acid content versus fresh because this process
leads to protein denaturation into amino acids. The amino
acids quickly dissolve in the surrounding water, which is
eventually discharged from the food as it condenses,
thereby reducing the amount of amino acids present [22]–
[24]. Frying, however, produced the lowest total amino
acid content of the four preparation methods because the
high temperatures used in this cooking method damage
proteins and amino acids irreversibly. Frying at
temperatures around 160 °C can result in a significant
decrease in nutrient content due to the significant loss of
protein and amino acid content, among other issues [10].
Table 2. Amino acid composition of various tempeh gembus
preparations
Fresh
(w/w %)

Steamed
(w/w %)

Fried
(w/w %)

Bromelain
added
(w/w %)

Histidine

0.47 ± 0.03

0.91 ± 0.66

0.09 ± 0.08

0.44 ± 0.07

Threonine

0.71 ± 0.06

0.70 ± 0.03

0.23 ± 0.00

0.76 ± 0.11

Methionine

0.15 ± 0.06

0.14 ± 0.09

0.05 ± 0.03

0.20 ± 0.03

Valine

0.97 ± 0.11

0.88 ± 0.01

0.28 ± 0.01

0.94 ± 0.13

Phenylalanine

0.82 ± 0.12

0.77 ± 0.00

0.24 ± 0.03

0.76 ± 0.11

Isoleucine

0.89 ± 0.13

0.84 ± 0.01

0.27 ± 0.01

0.87 ± 0.11

Amino acid
type
Essential

Leucine

1.27 ± 0.18

1.20 ± 0.04

0.38 ± 0.03

1.17 ± 0.13

Lysine

1.05 ± 0.08

0.45 ± 0.20

0.22 ± 0.00

0.91 ± 0.04

Arginine

0.64 ± 0.07

0.64 ± 0.04

0.20 ± 0.02

0.37 ± 0.08

Aspartic acid

1.67 ± 0.14

1.69 ± 0.01

0.49 ± 0.01

1.62 ± 0.22

Glutamic acid

2.32 ± 0.21

2.35 ± 0.01

0.70 ± 0.01

2.53 ± 0.36

Serine

0.81 ± 0.04

0.77 ± 0.03

0.24 ± 0.00

0.84 ± 0.12

Glycine

0.72 ± 0.08

0.71 ± 0.03

0.22 ± 0.02

0.74 ± 0.20

Alanine

0.93 ± 0.10

0.87 ± 0.01

0.27 ± 0.01

1.05 ± 0.19

Tyrosine
Amino Acid
Total

0.60 ± 0.07 0.57 ± 0.03
14.03 ±
13.52 ± 0.42
1.49

0.18 ± 0.01

0.75 ± 0.21

4.10 ± 0.13

13.99 ± 2.12

Nonessential

In contrast, addition of bromelain increased the level of
protein and some amino acids (threonine, methionine,
glutamate, serine, glycine, alanine, and tyrosine) in
tempeh gembus samples. While the presence of bromelain
protein itself likely contributed to the increase in total
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protein, addition of higher enzyme concentrations and
longer incubation periods will lead to greater proteolytic
breakdown of the food [25], thereby increasing the total
protein and amino acid content [16]. Furthermore,
steamed and bromelain-added samples had amino acid
contents that did not differ much from fresh, indicating
these preparation methods are best for maintaining
optimal protein and amino acid nutritional content.

3.8. Fatty Acids Content
Table 3 show that the four tempeh gembus preparations
contained saturated, monounsaturated, and polyunsaturated
FAs. Palmitic acid (0.119%) and stearic acid (0.05%)
were found to be the dominant saturated FAs in fresh
tempeh gembus but were lowest in steamed samples. This
is not surprising as steaming is a recommended cooking
method for processing high-fat content [17]. Although
fried tempeh gembus had the highest palmitic acid
(14.744%) and stearic acid (1.247%) content relative to
the other preparation methods, this was a direct result of
the high saturated fat content of the cooking oil [17,32,46].
For example, the palmitic and stearic acid content of palm
oil is about 41.8-45.8% and 4.2-5.1%. Moreover, the level
of palmitic and stearic acids in tempeh gembus with added
bromelain was lower (0.088% and 0.036% respectively)
than in fried and fresh samples but higher than in steamed.
This happened because bromelain works to break lipoprotein

bonds in fatty emulsions; a higher bromelain concentration
results in more broken lipoprotein bonds and therefore,
more fats in the form of oil extracted from the food [26].
The dominant unsaturated FAs in fresh tempeh gembus
were oleic (monounsaturated), linoleic (polyunsaturated),
and linolenic (polyunsaturated) acids. Steaming produced
the lowest levels of these three FAs of all of the
preparation methods due to the nature of this cooking
process as discussed above. The levels of these
unsaturated FAs in tempeh gembus with added bromelain
were lower than in fried and fresh samples but not
steamed. Higher temperatures are known damage FAs in
foods [18], and essential FAs are isomerized when heated
in alkaline solutions, making them sensitive to light,
temperature, and oxygen. Oxidation reactions that occur
during heating cause reduction of unsaturated fatty acid
[17]. Because the oxidation rate is directly proportional to
the degree of unsaturation, linolenic acid (3 double bonds)
is more easily oxidized than linoleic (2 double bonds) and
oleic (1 double bond) [32]. Finally, fried tempeh gembus
contained more oleic, linoleic, and linolenic acids than the
other preparations stemming from the cooking oil; the
oleic, linoleic, and linolenic acid content in coconut oil is
37.3-40.8%, 9.23%, and 0.0-0.6%, respectively [48,49].
FA’s found in fried samples that were not present
in any of the other three preparations (pentadecanoic and
cis-10-heptadecanoic acids) were likely inherent in the
cooking oil and not the tempeh gembus itself.

Table 3. Fatty acid composition in various preparations of tempeh gembus
Fatty acid type

Fresh
(w/w %)

Steamed
(w/w %)

Fried
(w/w %)

Bromelain added
(w/w %)

0.000±0.00

0.081±0.003

0.000±0.00

Saturated
Lauric acid
Myristic acid

0.001± 0.00

0.001±0.00

0.316± 0.014

0.001±0.00

Pentadecanoic acid

0.000±0.00

0.000±0.00

0.013±0.00

0.000±0.00
0.088±0.018

Palmitic acid

0.119± 0.001

0.073± 0.008

14.744± 0.522

Heptadeca-noic acid

0.001±0.00

0.001±0.00

0.031±0.00

0.001±0.00

Stearic acid

0.050± 0.00

0.029±0.003

1.247±0.063

0.036±0.007

Arachidic acid

0.003± 0. 00

0.002±0.00

0.101± 0.01

0.002±0.00

Heneicosa-noic acid

0.000±0.00

0.000±0.00

0.000±0.00

0.000±0.00

Behenic acid

0.004± 0.00

0.002± 0.00

0.018±0.00

0.003±0.00

Tricosa-noic acid

0.001±0.00

0.000±0.00

0.000±0.00

0.000±0.00

Lignoseric acid

0.004± 0.00

0.003± 0.00

0.024±0.004

0.002±0.003

Monounsaturated
Palmitoleic acid

0.001±0.00

0.001±0.00

0.053±0.001

0.001±0.00

Cis-10-Heptadeca-noic acid

0.001±0.00

0.000±0.00

0.009±0.00

0.000±0.00

Oleic acid

0.273±0.006

0.166±0.021

17.287±0.666

0.194±0.045

Elaidic acid

0.001±0.00

0.000±0.00

0.026±0.00

0.001±0.00

Linoleic acid

0.598±0.007

0.306±0.026

4.866±0.214

0.420±0.099

Linolelai-dic acid

0.001±0.00

0.000± 0.00

0.000± 0.00

0.000±0.00

γ-linolenic acid

0.008±0.001

0.005±0.00

0.000±0.00

0.007±0.001

Linolenic acid

0.040±0.00

0.017±0.00

0.134± 0.006

0.026±0.005

Polyunsaturated

Cis-11.14 Eicosedie-noic acid

0.001±0.00

0.000±0.00

0.022±0.008

0.001±0.00

Total fatty acids

1.275±0.042

0.765±0.066

43.915±0.665

0.968±0.197

1.47±0.08

0.96±0.07

49.49±0.40

1.19±0.21

Total fat
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Table 4. Antioxidant activity and isoflavone content of various tempeh gembus preparations
Preparation type

Genistein (w/w %)

Daidzein (w/w %)

Antioxidant activity (%)

Fresh

0.05 ± 0.00

0.07 ± 0.00

48.07 ± 11.03

Steamed

0.07 ± 0.00

0.09 ± 0.00

39.72 ± 3.12

Fried

0.08 ± 0.00

0.10 ± 0.00

61.00 ± 7.05

Bromelain added

0.06 ± 0.00

0.07 ± 0.00

62.04 ± 0.03

3.9. Genistein and Daidzein Isoflavone
Content
Isoflavones are one of the many flavonoid groups
present in bean crops, such as soybeans [50]. Soybeans are
known to contain 12 isoflavone derivatives consisting of
three types of aglycones and nine glucosides. Fermented
soybean products, such as tempeh gembus, have higher
isoflavone-aglycone content than isoflavone-glucosides.
Genistein and daidzein are isoflavones derived from
multiple aglycones contained in soybeans and act as
phytoestrogens with antioxidant activity [51,52,53]
Table 4 shows genistein and daidzein isoflavone
content of each tempeh gembus preparation. The content
of genistein (0.08%) and daidzein (0.10%) was highest in
fried tempeh gembus, followed by steamed (0.07% and
0.09%, respectively), bromelain-added (0.06% and 0.07%,
respectively), and fresh (0.05% and 0.07%, respectively)
samples. Heat and enzymatic treatment are known to
increase soy isoflavone levels [54]. During the bromelain
incubation process, hydrolysis of isoflavone-glucosides
occurs creating isoflavone-aglycones due to β-glucosidase.
β-Glucosidase works optimally in acidic conditions which
is promoted by bromelain’s acidic properties (pH 4.11) [9].
Fresh tempeh gembus also has lower genistein and
daidzein content than soybean tempeh (0.68% and
0.44%, respectively). This difference in nutrient content
between the two types of tempeh is because tempeh
gembus is made from the residue of the tofu making
process [55,56].

The percentage of antioxidant activity in fresh tempeh
gembus (48.07%) was lower than that of soybeans
(72.08%), according to a previous study. Protein content
has been shown to affect antioxidant activity in foods.40
Considering the total protein content in fresh tempeh
gembus is relatively low, previous research analyzing the
composition of nutrients during the process of making
tempeh gembus has shown there is a decrease of total
amino acids from 34.95% in soybean to 6.7% in tempeh
gembus [10].

4. Conclusions
The present study revealed that addition of bromelain to
tempeh gembus had an optimal effect on the nutrient
content, protein quality, and antioxidant activity of this
popular Indonesian food product versus steamed, fried,
and fresh preparations.
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