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Abstract
In the last decade, fermented soybean called tempeh has gained popularity globally as a healthy food especially for ve-
gan/vegetarian and organic food enthusiasts. In order to improve the functionality of tempeh, Spirulina platensis, which 
is known to have high antioxidant activity is added to tempeh. Due to the unpleasant odour of Spirulina, the supplemen-
tation level of Spirulina on tempeh needs to be optimized to obtain tempeh product which has good nutrition and func-
tionality as well as acceptability by the consumers. In this study, Spirulina was added at 5–40 g/kg and the fermentation 
varied from 24 to 72 h. The nutritional values of Spirulina tempeh was then analyzed, including proximate composition 
as well as antioxidant, α-amylase inhibition, and angiotensin I-converting enzyme (ACE)-inhibition activity. To evaluate 
the influence of Spirulina addition on tempeh sensory, hedonic and intensity tests were performed. The result of the 
study showed that the best fermentation time was 48 h, no difference of nutrition was observed with different addition of 
Spirulina. However, the Spirulina addition on tempeh increased the antioxidant, α-amylase inhibition, and ACE-inhibi-
tion activities by 39–104.7%, 12.2–33.5% and 28.2–46.5% compared to tempeh without Spirulina addition. The highest 
antioxidant, α-amylase inhibition, and ACE-inhibition activities were obtained with addition of 40 g/kg, 40 g/kg, and 
20 g/kg, respectively. The overall likeness was in the range of 5.07–6.98 from 1–9 scales, the value decreasing along with 
the increase of Spirulina addition. Based on the nutrition, bioactivity, and sensory test, addition of 20 g/kg of Spirulina 
is suggested. The result reveals that Spirulina tempeh is a potential functional food.
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Introduction

Recently, there has been a raising concern about func-
tional foods since the pandemic has increased public 
health awareness. Globally, the sales of fortified foods/
functional food reaches up to $267 billion, in which 
the sales in US reaches $63 billion (Sloan 2020; Soocial 

2024). China has the highest potential market of forti-
fied food in Asia followed by Indonesia, Japan, Hong 
Kong, India, Vietnam, Saudi Arabia, Mexico, Malay-
sia, and Brazil (Mascaraque 2018; Sloan 2020). Func-
tional food in Asia Pacific generated 14 billion USD in 
2017 and predicted to reach 21,45 billion USD in 2023 
(Wunsch 2020).

Copyright Wikandari, et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Emirates Journal of Food and Agriculture 37: 1–11 
doi: 10.3897/ejfa.2025.154102

RESEARCH PAPER

mailto:rachma_wikandari@mail.ugm.ac.id
https://creativecommons.org/licenses/by/4.0/


Wikandari, et al.: Functional properties of Spirulina tempeh2

Emirates Journal of Food and Agriculture

Tempeh has been gaining more popularity as a po-
tential functional food worldwide. The global market of 
tempeh increased by 15.50% during the forecast period of 
2022–2029 (DataBridge Market Research 2022). It is made 
from boiled soybean fermented with fungi Rhizopus sp. In 
its origin country, Indonesia, tempeh is the staple protein. 
Tempeh consumption in a week reach 0.139 kg/capita, 
which is higher than that of beef (0.009 kg/capita) and 
chicken (0.124 kg/capita) (BPS 2020). Tempeh has an af-
fordable price with a meat-like flavor. In addition, tempeh 
contains several antioxidant compounds such as isofla-
vone, superoxide dismutase, and tocopherol (Syukri et al. 
2022). Antioxidant compounds combat free radicals, thus 
preventing degenerative diseases such as atherosclerosis, 
coronary heart disease, diabetes mellitus, etc. (Phanien-
dra et al. 2015). There are several factors affecting the nu-
tritional quality of tempeh, such as raw materials, type of 
inoculum, tempeh making process, degree of sanitation, 
fermentation conditions, and fermentation time (Mujian-
to 2013; Rizal et al. 2022).

In order to improve the functionality of tempeh, the 
addition of other compounds with high antioxidant con-
tent is beneficial. One of such compounds is Spirulina, a 
microalgae with a spiral form and high nutritional value 
and bioactive compounds such as phycocyanin (Moraes et 
al. 2011). Rahim et al. (2021) reported that Spirulina con-
tains dry matter (77.54 g/100 g), protein (53.31 g/100 g), 
lipid (9.25 g/100 g), and carbohydrate (23.38 g/100 g). 
Moreover, Spirulina also contains some phytopigments 
with potent antioxidant, including chlorophyll a, chloro-
phyll b, carotenoids, C-phycocyanins, allophycocyanins, 
and phycoerythrin. Therefore, Spirulina is often added in 
food products such as yoghurt and ice cream to improve 
the antioxidant capacity of the product (Barkallah et al. 
2017; Szmejda et al. 2018).

Nowadays, Spirulina is produced worldwide with a 
production of 3000 tonnes per year (Shimamatsu 2004). 
In a tropical country such as Indonesia, Spirulina has 
abundant availability due to the easy cultivation and suit-
able climate. It is usually cultivated in a beach and has a 
short cultivating period with higher productivity and pro-
tein content compared to other commodities. Although it 
has health benefits, its application on food products is still 
limited due to its undesirable sensory properties. There-
fore, it can be added to food products at certain levels 
that can improve the health benefit of the product with-
out changing the sensory properties. This study aimed 
to investigate the effect of Spirulina on physicochemical, 
functionality and sensory of tempeh as well as to deter-
mine the best Spirulina addition and fermentation time to 
obtain the highest functionality and sensory score of Spir-
ulina tempeh. It also has been reported that prolonging 
the fermentation can enhance the production of bioactive 
compounds, which plays a role in the product’s function-
ality (Starzyńska-Janiszewska et al. 2016). Therefore, this 
study investigated the potential functionality of Spirulina 
tempeh including antioxidant activity, antidiabetic activi-
ty, and antihypertension activity.

Material and methods
Material

Grobogan local non-GMO soybeans were purchased from 
Attempe, which is the local producer of organic tempeh 
in Prambanan, Special Region of Yogyakarta. The Spir-
ulina powder was obtained from Attempe. The inoculum 
used was Rhizopus oligosporus obtained from Biotech-
nology Laboratory, Faculty of Agricultural Technology, 
Special Region of Yogyakarta. The enzyme used in this 
study included α-amylase enzyme (A3306), 1,1-Diphe-
nyl-2-picryl-hydrazyl (DPPH), N-Hippuryl-His-Leu hy-
drate, Angiotensin Converting Enzyme from rabbit lung 
(A6778) were purchased from Sigma Aldrich. All of other 
reagents used in this research were all in analytical grade.

Spirulina tempeh production

Tempeh was made by washing the soybeans two times 
followed by soaking with a soybean-to-water ratio of 1:3 
for 24 h. Subsequently, the soaked soybean was rinsed 
and boiled for 30 min, and then dehulled. The dehulled 
soybeans were soaked again for 24 h, then washed and 
steamed for 30 minutes. The next stage was draining 
the cooked soybeans and inoculation with 0.02% starter 
(mixed culture) followed by the addition of Spirulina pow-
der (5, 10, 20 and 40 g/kg). The soybeans were wrapped in 
perforated plastic (2 cm distance between holes) and incu-
bated at room temperature for 36 hours.

Proximate analysis

The water content in Spirulina tempeh was analyzed ther-
mogravimetrically, the protein content was determined 
by the micro-Kjeldahl method, the fat content was deter-
mined by the Soxhlet method, the ash content was deter-
mined by thermogravimetry, and the carbohydrate con-
tent was calculated by difference (AOAC 2005).

Analysis of antioxidant activity

Antioxidants in Spirulina tempeh were extracted by the 
method described by Xu et al. (2007). Sample was pre-
pared by grind them in mortar and pestle until fine paste. 
Sample was extracted in 80:20 (v/v) methanol:water and 
stirred by magnetic stirrer for 3 hours. Samples were then 
extracted by placing them in 18 hours in a dark room at 
room temperature. Samples were centrifuged afterwards 
at 3000 rpm at 4 °C for 10 minutes. The supernatants were 
collected and further analyzed. DPPH scavenging activity 
was assayed by the method described by Starzyńska-Ja-
niszewska et al. (2016) with some modifications. As much 
as 0.2 mL of extracts were mixed in 2.8 mL DPPH solu-
tion (0.1 mmol/L in 80% methanol). The mixtures were 
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incubated in dark room for 30 minutes and the absorption 
was measured at 517 nm against 80% methanol as a blank. 
The antioxidant activity was calculated as follows.

α-amylase inhibition assay

The inhibition of α-amylase was assayed by the method de-
scribed by Apostolidis et al. (2007) with minor modification. 
As much as 500 μL of tempeh water extract (0.1 mg/mL) 
and 500 μL α-amylase (Sigma Aldrich) 2.0 U/mL in 0.02 
M sodium phosphate buffer (pH 6.9 with 0.006 M sodium 
chloride) were incubated at 25 °C for 10 minutes. After 
pre-incubation, 500 μL of 1% starch solution in 0.02 M so-
dium phosphate buffer (pH 6.9 with 0.006 M sodium chlo-
ride) was added at timed interval and incubate at 25 °C for 
10 minutes. The reaction was stopped by adding 1.0 mL of 
dinitrosalicylic acid color reagent, and the mixture was in-
cubated in boiling water for 5 minutes. The test tubes were 
cooled to room temperature. The mixture was diluted in 
10 mL distilled water. A blank control was prepared, using 
distilled water in place of the sample. The absorbance was 
measured at 540 nm and calculated as follows.

Angiotensin I-converting enzyme (ACE)-inhibi-
tion assay

ACE inhibition activity was assayed by the method of 
Chaudhary et al. (2013) and Cushman and Cheung (1971) 
with a little modification. As much as 50 μL of sam-
ple (100 mg/L) with 50 μL of ACE at 25 mU/mL (Sigma 
Aldrich) was pre-incubated at 37 °C for 10 minutes. Subse-
quently, 150 μL of substrate hippuryl-L-histidyl- L-leucine 
(HHL) (Sigma Aldrich) in 5 mM in 50 mM potassium bo-
rate buffer pH 8.3 containing 0.5 M NaCl was added and 
incubated for 30 minutes at 37 °C. The reaction was termi-
nated by 250 μL of 1.0 M HCl. The hipurric acid formed was 
then extracted by 1.5 mL of ethyl acetate by vortex mixing 
vigorously for 2 minutes. The solution was centrifuged at 
4000 rpm for 5 minutes and 1.0 mL of ethyl acetate layer was 
transferred to clean test tube. The supernatant was heated at 
100 °C in boiling water bath for 30 minutes. The hippuric 
acid was redissolved in 3.0 mL distilled water and the ab-
sorbance was measured at 228 nm using a UV-VIS spectro-
photometer (Thermo Scientific Genesys 10). The ACE inhi-
bition activity was calculated using the following formula:

where:
A = absorbance at 228 nm with ACE, without inhibitor
B = absorbance at 228 nm with ACE and inhibitor
C = absorbance at 228 nm without ACE and inhibitor

Sensory test

The samples were subjected to hedonic and subjective in-
tensity of attributes including colour, colour intensity, salt-
iness, umami, bitterness, firmness and rancidity. The sen-
sory test was conducted by 68 untrained panelists with 9 
point scale for hedonic (1-dislike extremely to 9-extremely 
like) and subjective intensity (1-very low to 9-very in-
tense). Tempeh was sliced to a 4×5×1 cm size, marinat-
ed in 7% NaCl brine solution for 5 min before deep fried 
at 170 °C for 3 min. The five samples were monodically 
presented in a white paper plate, coded with a three-digit 
random number, and served at room temperature to the 
panels. Samples were served in a balanced order to coun-
teract first-order carry-over effects. Mineral water and cu-
cumber were provided for rinsing palate between samples.

Statistical analysis

All of the data are presented as mean±SD (standard devia-
tion), which were calculated by Microsoft Excel 2013. The 
data was analyzed using one-way analysis of variance (ANO-
VA) in IBM SPSS 25, followed by Duncan’s Multiple Range 
Test (DMRT) for multiple comparison means (p < 0.05).

Results and discussion
Physicochemical properties of Spirulina tempeh

Effect of fermentation time
Rhizopus oligosporus produces several enzymes during 
fermentation thus causing composition changes dur-
ing fermentation. Table 1 shows that the fat content 
decreased during fermentation, meanwhile the carbo-
hydrate content increase during fermentation. A previ-
ous study by Rizal et al. (2022) obtained similar results 
that the fat content of tempeh decreased along with the 
length of fermentation. This could be due to the enzy-
matic activity which was able to hydrolize triglycerides 
into glycerol and free fatty acids to support the growth 
of Rhizopus oligosporus during fermentation. This cur-
rent study also revealed that tempeh protein increased 
along with the length of fermentation and reached its 
maximum value at 60 h incubation (Table 1). During 
fermentation, Rhizopus oligosporus produces intracel-
lular, extracellular and cellwall-bound proteases which 
degrades protein into free amino acids resulted in high-
er protein content (Heskamp and Barz 1998; Starzyńs-
ka-Janiszewska et al. 2015). It has been reported that 
approximately 25% of the initial protein was degraded, 
in which 65% becomes amino acids, 25% is assimilated 
into mold biomass, and the rest is oxidized (Sparringa 
and Owens 1999). The protein content obtained in this 
study (45.29–49.91 g/100 g) fulfil the requirement of In-
donesian National Standard and higher than that of re-
ported by Hidayah et al. (2012) (40.23–44.96 g/100 g). 
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Spirulina powder is known to contain 59–63% of pro-
tein which is considered a potential protein source 
(Grosshagauer et al. 2020). These results indicated that 
increasing the length of fermentation to a certain extent 
could improve the quality of the product, however if the 
fermentation is extended, it changed the sensory such 
as texture which become soft and release unpleasant 
odour (Rizal et al. 2022). Therefore, according to nutri-
tional value and sensory, the recommended fermenta-
tion time is 48 h.

Effect of Spirulina addition
The effect of Spirulina addition on the nutritional value 
of tempeh is presented in Table 2. The results showed that 
in general, the addition of Spirulina did not significant-
ly affect the moisture, ash, fat, protein, and carbohydrate 
content of tempeh. This may be attributable to the micro-
bial activity during fermentation, which primarily utilize 
the nutrient compounds for supporting their growth. A 
slight increase in protein and carbohydrate were obtained 
at the addition of 20 and 10 g/kg Spirulina, respectively. 
The similar value of tempeh with or without addition of 
Spirulina could be explained by the low concentration 
of Spirulina added which might not cause a change in 
physicochemical composition of the tempeh. However, 
there is a significant increase in ash content by the addi-
tion of 20 and 40 g/kg Spirulina. Several previous studies 
demonstrated that the addition of Spirulina increase the 
ash content of the final products, such as yogurt, snack, 
and ice cream (Barkallah et al. 2017; Lucas et al. 2018; Sz-
mejda et al. 2018). This could be due to the high amount 
of mineral in Spirulina, which is correlated with the ash 
content. Rahim et al. (2021) reported that Spirulina was 
rich in minerals, particularly potassium, phosphorus, 
calcium, magnesium and iron, having several essential 
roles in human body.

Functional property of Spirulina tempeh

Effect of fermentation time
The effect of fermentation times on antioxidant and anti-
diabetic activities is presented in Table 3. The antidiabetic 
activity was measured by α-amylase inhibition assay. The re-
sults showed that antioxidant activity increased along with 
the length of fermentation. A previous study by de Marco 
Castro et al. (2019) demonstrated that fermentation signif-
icantly increased the antioxidant activity of Spirulina. The 
antioxidant activity of fermented Spirulina achieved the 
maximum content at 24 h of fermentation and diminished 
afterwards. Spirulina contains phenolic compounds, γ-to-
copherol, phycocyanin, β-carotene and xanthophyll, which 
are responsible for the antioxidant activity (Rodríguez De 
Marco et al. 2014). Moreover, prolonged fermentation time 
also caused an increase in antioxidant activity of tempeh. 
Several compounds, which are known to have potential an-
tioxidant activity in tempeh, such as daidzein, genistein, and 
glycitein are usually formed during fermentation (Yoshari 
et al. 2023). However, increasing the fermentation time did 
not significantly affect the α-amylase inhibition in Spirulina 

Table 1. Nutritional value (g/100 g in dry weight) of tempeh with the addition of Spirulina at concentration 5 g/kg 
in five different fermentation times.

Fermentation time (h) Moisture Ash Fat Protein Carbohydrate
24 61.82 ± 1.24a 2.64 ± 0.01ab 20.15± 0.24b 46.33 ± 4.84ab 30.88 ± 4.60a

36 64.93 ± 0.85a 2.64 ± 0.01ab 14.70 ± 2.15a 45.29 ± 1.92a 37.38 ± 4.08b

48 62.44 ± 3.31a 2.69 ± 0.04bc 17.74 ± 0.99a 45.29 ± 5.17a 34.28 ± 4.21ab

60 63.17 ± 0.10a 2.60 ± 0.03a 13.43 ± 0.37a 49.91 ± 3.75b 34.05 ± 4.08ab

72 64.38 ± 3.13a 2.75 ± 0.02c 13.18 ± 2.33a 46.85 ± 3.03ab 37.22 ± 0.68b

a-cValues with different superscript alphabet in one column are significantly different based on Duncan’s test (p < 0.05).

Table 2. Nutritional value (g/100 g in dry weight) of tempeh with the addition of Spirulina in five different concen-
trations.

Addition of Spirulina (g/kg) Moisture Ash Fat Protein Carbohydrate
0 59.03 ± 1.47a 2.05 ± 0.11a 21.14± 1.13a 48.07 ± 1.31bc 28.74 ± 1.13ab

5 59.10 ± 0.47a 1.98 ± 0.05ab 19.45 ± 0.54a 46.89 ± 2.28ab 31.67 ± 0.54bc

10 58.68 ± 0.55a 2.10 ± 0.06a 19.38 ± 0.42a 45.03 ± 1.57a 33.49 ± 0.42c

20 58.57 ± 0.96a 2.32 ± 0.09b 20.34 ± 2.01a 49.98 ± 1.30c 27.36 ± 2.01a

40 57.70 ± 1.51a 2.41 ± 0.11b 19.18 ± 0.22a 47.85 ± 1.13bc 30.57 ± 0.22abc

a-cValues with different superscript alphabet in one column are significantly different based on Duncan’s test (p < 0.05).

Table 3. Antioxidant and antidiabetic activities of tem-
peh with the addition of Spirulina at concentration 
5 g/kg in five different fermentation times.

Fermentation time 
(h)

Antioxidant activities 
(%)

α-amylase inhibition 
(%)

24 23.93 ± 0.99a 9.00 ± 0.23a

36 33.97 ± 1.96b 9.89 ± 0.83a

48 43.93 ± 2.54c 13.19 ± 1.05b

60 53.45 ± 0.90d 11.98 ± 0.88ab

72 49.92 ± 1.48d 10.49 ± 1.64ab

*Values with different superscript alphabet in one column are signifi-
cantly different based on Duncan’s test (p < 0.05).
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tempeh. Astawan et al. (2023) obtained a different result, re-
porting that over-fermented tempeh exhibits higher antidia-
betic activity. Several compounds have been reported to have 
inhibitory effect on α-amylase such as phenolic compounds, 
peptides, nonstarch polysaccharides, and lipids (Gong et al. 
2020). The results revealed that the best fermentation time 
for Spirulina tempeh based on the functionality is 60 h.

Effect of Spirulina addition

Antioxidant activity
The effect of Spirulina addition on antioxidant activity is 
presented in Figure 1. The results show that the antioxidant 
activity is rising along with the increasing concentration of 
Spirulina added on tempeh. The addition of Spirulina re-
sulted in a 39–104.7% improvement of antioxidant activity. 
The highest improvement was achieved with the addition of 
40 g/kg of Spirulina which increased the antioxidant activity 
by two times. These findings are in accordance with several 
previous studies (Barkallah et al. 2017; El-Anany et al. 2023; 
Şahin 2020; Szmejda et al. 2018), reporting that supplemen-
tation of Spirulina enhance the antioxidant activity in vari-
ous food products. El-Anany et al. (2023) studied the effect 
of Spirulina addition (10–50 g/kg) on chicken mortadella 
and demonstrated similar results that the antioxidant activ-
ity of the chicken increased in response to the higher level of 
Spirulina addition. Recent studies have explored the antiox-
idant potential of microalgae, including Spirulina. This anti-
oxidant properties primarily derived from their abundance 
in various free radical scavengers (Barkallah et al. 2017). 
Fithriani et al. (2015) reported that Spirulina has antioxidant 
activity with IC50 of 518.94 ppm. Spirulina contained several 
phytochemical compounds which are responsible to the an-
tioxidant activities, including phenolic (7.00 mg GAEs/g), 
flavonoid (1.00 mg QEs/g), carotenoid, C-phycocyanins 
(18.25 mg/g), allophycocyanins (5.34 mg/g), and phyco-
erythrin (3.47 mg/g) (Rahim et al. 2021). Therefore, the 
addition of Spirulina could improve the antioxidant activity 
of tempeh. This improvement is higher than those reported 
in other food products, such as yogurt and ice cream sup-

plemented with Spirulina (Barkallah et al. 2017; Szmejda et 
al. 2018). However, the mechanisms underlying the anti-
oxidant activity of Spirulina are rarely discussed in earlier 
studies. Phycocyanin and β-carotene are considered the 
major contributors to the antioxidant activities of Spirulina. 
These compounds help to protect against oxidative stress by 
scavenging free radicals, inhibiting lipid peroxidation, and 
modulating several key signaling pathways (Wu et al. 2016).

α-amylase inhibition activities
Similar to antioxidant activity, the addition of Spirulina in-
creased the α-amylase inhibition activity, which is related 
to its antidiabetic potential. The higher the Spirulina add-
ed, the higher α-amylase inhibition activity was observed 
(Figure 2). The highest α-amylase inhibition activity was 
obtained at 40 g/kg Spirulina with the value of 14.06%. 
This value is in the range of the reported studies, in which 
α-amylase inhibition activity of Spirulina varied from 5% to 
96% depending on the addition level and extraction solvent 
used (Agustiar et al. 2022). Extraction of Spirulina leads to 
a higher α-amylase activity, since in this study the Spirulina 
was added as a whole biomass without extraction this might 
explain the lower α-amylase inhibition activity. However, 
the earlier studies mostly focused on the discussion about 
the antidiabetic activity of pure microalgae biomass. More-
over, the mechanism underlying the antidiabetic activity of 
Spirulina has not yet been completely understood, but sev-
eral studies have discussed the potential mechanisms, such 
as enzyme inhibition, the prevention of oxidative stress, and 
the improvement of insulin sensitivity (El-Sakhawy et al. 
2023; Vieira et al. 2021). Spirulina has been reported to have 
antioxidant compounds, such as phycocyanin and carote-
noids, which can prevent the oxidative stress, which in turn 
may lower the risk of metabolic disorders, including diabe-
tes (Kumar et al. 2022). Therefore, the increased α-amylase 
inhibition activity may be attributable to the antioxidant ac-
tivity of Spirulina tempeh. The α-amylase inhibition activ-
ity also could be affected by the high amount of ω-6 PUFA 
in Spirulina, such as linoleic acid (144.81 mg/100 g) and 
γ-linolenic acid (1866.27 mg/100 g), which are responsible 
for antidiabetic activity (Guldas et al. 2021). Moreover, the 

Figure 1. Antioxidant activities of tempeh with the addition of Spirulina in five different concentrations.
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presence of bioactive peptides in Spirulina may contribute 
to the antidiabetic activity. Hu et al. (2019) identified several 
bioactive peptides (GVPMPNK, RNPFVFAPTLLTVAAR 
and LRSELAAWSR) from Spirulina platensis, which exhibit 
potent inhibition on α-amylase. Tempeh also contains pep-
tides, insulinotropic amino acids, isoflavones, genistein and 
daidzein which have been reported to play a role in antidia-
betic activity (Yoshari et al. 2023). Therefore, Spirulina addi-
tion on tempeh at the highest concentration could increase 
33.52% of α-amylase inhibition activity.

ACE inhibition activity
The effect of Spirulina addition on ACE inhibitory activity 
of tempeh is presented in Figure 3. The result shows that the 
addition of Spirulina increased 28.2–46.5% of ACE inhib-
itory activity. The highest ACE inhibition activity was ob-
tained at 20 g/kg Spirulina with the value of 86.11%. Bleak-
ley and Hayes (2021) revealed that Spirulina inhibited ACE 
by 91.04% at concentration 1 mg/mL. Spirulina contains 
bioactive peptides derived from phycobiliproteins, which 
are known to have ACE-inhibitory activity (Anekthanakul 
et al. 2019). Angiotensin-converting enzyme (ACE) is es-
sential hormone system responsible for controlling blood 
pressure (Lu et al. 2021). ACE inhibitory activity lowers the 
blood pressure by reducing the production of angiotensin 
II (Ma et al. 2019). The peptides inhibit ACE by binding 

with the active site of ACE via hydrogen bonds (compet-
itive inhibition) or binding to the enzyme–substrate com-
plex and the inhibitor does not compete with the substrate 
(non-competitive inhibition) (Lu et al. 2021). Similarly, 
tempeh has been reported to contain bioactive peptides 
which are responsible for the increase of ACE-inhibition 
activity. These peptides include alanin-valin, glycine-leu-
cine, isoleucine-alanine-lysine, etc., which has ACE inhib-
itor activity (Tamam et al. 2019). This could be due to a 
combination of several compounds both in tempeh and 
Spirulina which improved the ACE-inhibitory activity.

Several studies has reported that microalgae exhibit anti-
hypertensive properties due to its bioactive peptide content 
(Barkia et al. 2019; Ochoa-Méndez et al. 2016; Suetsuna and 
Chen 2001). Miczke et al. (2016) demonstrated a hypoten-
sive effect by lowering the systolic and diastolic blood pres-
sure after three months of Spirulina supplementation at a 
daily dose of 2 g to a total of 40 patients with hypertension. 
Another study by Martínez-Sámano et al. (2018) exhibited 
a significant decreased in systolic blood pressure from 140.0 
to 126.5 mmHg after 12-weeks treatment of Spirulina max-
ima at a dose of 4.5 g per day. These antihypertensive effects 
depends on the microalgal species and peptides (Jiang et al. 
2021). The consumption of Spirulina with valuable antioxi-
dant and antihypertensive activity potentially lower the risk 
of cardiovascular disease and other metabolic disorders.

Figure 2. α-amylase inhibition activities of tempeh with the addition of Spirulina in five different concentrations.

Figure 3. ACE inhibition activities of tempeh with the addition of Spirulina in five different concentrations.
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According to antioxidant activity, it was found that the 
higher the Spirulina concentration and the longer the fer-
mentation time, the higher the antioxidant activity due to 
the presence of antioxidative compounds, such as phenolic, 
phycocyanin and carotenoid. In regard to α-amylase inhib-
itor activity, it was found that the higher the Spirulina con-
centration and the longer the fermentation time, the high-
er the α-amylase inhibitor activity, which may be related 
to the prevention of oxidative stress by antioxidative com-
pounds. Based on ACE inhibitor test, the results showed 
that the ACE inhibitor activity of all Spirulina tempeh was 
higher than the control due to the presence of bioactive 
peptides. These results indicate that the addition of Spir-
ulina and the duration of fermentation have a significant 
effect on the functional properties of Spirulina tempeh, es-
pecially in the presence of bioactive peptides and phenolic 
compounds present. From this study, Spirulina tempeh has 
good potential to be developed as a functional food.

Nowadays, microalgae is commerciallized as a super-
food supplement in numerous forms, such as powder, 
flakes or capsule. It can be either consumed directly or in-
corporated into various types of food (Lafarga et al. 2020). 
A number of earlier studies have investigated the effect 
of microalgae enrichment on many food products, such 
as ice cream, yogurt, cheese, kefir, cookies, bread, pasta 
and fermented soy drink (Barkallah et al. 2017; Csatlos 
et al. 2023; Falcão et al. 2023; Kahraman Ilıkkan and Bağ-
dat 2023; Khemiri et al. 2020; Lucas et al. 2018; Niccolai 
et al. 2019; Şahin 2020; Szmejda et al. 2018). In general, 
the addition of microalgae (Spirulina platensis, Chlorella 
vulgaris, Dunaliella salina) enhance the physicochemical 
and the bioactivity properties, especially the antioxidant 
activity. In terms of the sensory acceptability, those prod-
ucts exhibited varied appreciations. For instance, the in-
corporation of 0.25% Spirulina improved the protein and 
dietary fiber content, the antioxidant activity, and the tex-
tural properties without negatively affecting the sensorial 
acceptance. On the contrary, the incorporation of Spiruli-
na at concentration >7.5% increased the protein content 
of extruded snacks, but decreased the overall acceptability 
(Morsy et al. 2014).

There has been recent studies explored the synergistic 
potential of Spirulina with certain additives to further im-
prove its functional properties. Jalili et al. (2024) reported 
the mutual effect of Spirulina platensis (3%), Chlorella vul-
garis (1.467%), and curcumin (1%) in cheese, resulting in 
enhanced antioxidant activity and iron content with min-
imized amount of fat and acceptable sensory profile. Spir-
ulina platensis and Chlorella vulgaris primarily affected the 
iron content and antioxidant activity, meanwhile curcumin 
had impacts on iron and phenolic content. Another study 
by Paternina et al. (2024) investigate the nutritional and 
functional synergism of Spirulina and acai in gummy can-
dies, which exhibited synergistic effects in improving the 
nutritional content and antioxidant activity with positive 
sensory acceptance. Moreover, Spirulina also demonstrat-
ed synergistics interaction with Bacillus subtilis for enhanc-
ing folate production (Rehman et al. 2024). These provide 
new insights to stimulate the exploration and broaden the 
developmental prospect of Spirulina as functional food.

Sensory characteristics of Spirulina tempeh

In order to evaluate the sensory aspect, Spirulina tempeh 
was subjected to two different evaluations including in-
tensity and hedonic test. The intensity of several attributes 
of Spirulina tempeh was evaluated by the panels and the 
results are presented in Table 4. Tempeh without addition 
of Spirulina was used as control. The results showed that 
the higher addition of Spirulina increased the intensity of 
the colour. This could be due to the phycocyanin pigment 
from Spirulina which is responsible for green blue colour. 
Spirulina is among the main sources of phycocyanin since 
it contained 54.65 mg phycocyanin/g biomass (Khandual 
et al. 2021). However, since it cannot be homogenously dis-
tributed during solid state fermentation in tempeh making, 
this causes a lower score of uniformity of the product colour 
along the increase of the concentration added to tempeh.

The addition of Spirulina affects the intensity of the 
taste. The higher the Spirulina added, the higher the bit-
ter taste was detected. This might be due to bioactive pro-

Table 4. Profile of sensory attribute intensity of Spirulina tempeh.

Intensity
Spirulina addition (g/kg)

0 5 10 20 40
Colour 2.14 ± 1.77a 3.42 ± 1.52b 4.06 ± 1.82c 4.84 ± 1.95d 6.71 ± 2.04e

Colour homogeneity 8.14 ± 1.11d 6.30 ± 1.72bc 5.71 ± 1.93ab 5.27 ± 2.08a 6.49 ± 2.20c

Saltiness 6.01 ± 1.92ab 6.22 ± 1.53b 5.54 ± 1.83a 5.48 ± 1.94a 5.80 ± 1.99ab

Umami 6.23 ± 1.64ab 6.43 ± 1.44b 6.11 ± 1.65ab 5.77 ± 1.71a 5.87 ± 1.89ab

Bitterness 2.47 ± 1.88a 2.79 ± 1.52a 3.56 ± 2.26b 4.16 ± 2.20bc 4.51 ± 2.33c

Fishy smell 2.44 ± 1.92a 3.81 ± 1.91b 4.30 ± 2.14b 5.04 ± 2.23c 6.23 ± 2.28d

Rancidity 3.32 ± 2.42a 3.48 ± 2.02a 3.94 ± 2.13ab 4.68 ± 2.11bc 4.93 ± 2.30c

Beany flavour 2.48 ± 2.40a 3.89 ± 1.88b 4.59 ± 2.19b 5.65 ± 2.02c 6.06 ± 2.25c

Oily 4.74 ± 2.09ab 5.43 ± 2.00b 4.67 ± 1.80a 4.83 ± 2.09ab 4.64 ± 2.07a

Firmness 6.35 ± 1.77a 5.88 ± 1.71a 6.30 ± 1.71a 6.25 ± 1.82a 6.12 ± 1.78a

Compactness 7.21 ± 1.52b 6.78 ± 1.48ab 7.04 ± 1.48ab 7.29 ± 1.28b 6.62 ± 1.86a

Raw tempeh colour 3.03 ± 1.94a 5.19 ± 1.73b 6.13 ± 1.53c 6.78 ± 1.45d 8.26 ± 1.11e

Homogeneity of raw tempeh colour 8.21 ± 1.03b 6.30 ± 1.83a 6.03 ± 1.74a 5.97 ± 2.07a 6.06 ± 2.19a

a-eValues with different superscript alphabet in one column are significantly different based on Duncan’s test (p < 0.05).
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teins and peptides in Spirulina which have been reported 
to be responsible for bitter taste (Rajmohan and Bellmer 
2019). On the other hand, the umami and saltiness are not 
affected. Although Spirulina is naturally salty, it is added 
at low concentrations, which may not be not be notice-
able to the panelists, especially since 7% brine was used 
to marinate all samples prior frying. The addition of Spir-
ulina increases the intensity of fishy smell, rancidity, and 
beany flavors. The higher Spirulina added, the higher the 
afore-mentioned unpleasant odour intensity. The fishy 
smells could be due related to the mineral content of the 
Spirulina. Spirulina contains ash as much as 23.08% (Mos-
tolizadeh et al. 2020). The rancidity odour could be relat-
ed to long-chain polyunsaturated fatty acids of Spirulina, 
which can be oxidized and release rancidity flavour (Ab-
bas et al. 2021). These unpleasant odours become the limit 
of Spirulina addition. The addition of Spirulina did not 
significantly affect the texture of tempeh, such as firmness 
and compactness. One possible reason for this could be 
the low concentration of Spirulina, which was insufficient 
to alter the structure of Spirulina tempeh.

The hedonic test showed that in general, the hedonic 
score decreased along with the increase concentration of 
Spirulina added to the tempeh (Table 5). The significant 
decrease of the hedonic score was observed in colour at-
tributes which decline from like very much for the con-
trol to dislike slightly at 40 g/kg Spirulina added. With 
regard of colour, the maximum Spirulina added is 10 g/kg 
which resulted in 6.30 score (light slightly). This result 
is in accordance with the intensity attribute test showed 
that higher Spirulina added caused higher intensity of 
the colour which decrease the hedonic score since panels 
perceived the colour of tempeh should be white. Similar-
ly, the hedonic score of fishy smells, rancidity, and beany 
flavors also declined with the elevating concentrations of 
Spirulina. The lower hedonic score is due to the increas-
ing intensity of the unpleasant odours. The maximum 
amount of Spirulina added to tempeh was 10 g/kg, which 
produced tempeh that was liked slightly by the panelists. 

No difference was observed on the hedonic score of oily, 
firmness and compactness of tempeh. This is in accord-
ance with the similar score of intensity of these attributes 
which shows that addition of Spirulina did not affect these 
attributes. The result showed that the overall likeness of 
Spirulina tempeh decreased with the increase of Spirulina. 
The maximum Spirulina added to the tempeh is 10 g/kg 
and this produces tempeh which like slightly by the panels.

Conclusions
Fermentation time affects the functionality of Spirulina 
tempeh. The best fermentation time to obtain the highest 
functionality is 48 h. Addition of Spirulina could enhance 
the functional properties of tempeh. The antioxidant, anti-
diabetic and antihypertension increase by 39–104.7, 12.2–
33.5 and 28.2–46.5% with addition of 5–40 g/kg of Spiruli-
na. However, it is not desirable in terms of sensory, which 
could reduce the hedonic score from like very much to 
dislike slightly, especially for the colour and odour. There-
fore, the optimum concentration of Spirulina in terms of 
functionality and sensory is 20 g/kg. This study reveals that 
Spirulina tempeh is a potential functional food product due 
to its valuable protein and bioactive compounds. Further 
investigation is needed to understand the functional effect, 
such as antidiabetic, antihypertensive and anti-inflamma-
tory effects of food products enriched with Spirulina.

Author contributions
Rachma Wikandari: Conceptualization, funding acquisi-
tion, supervision, writing – original draft and writing – 
review and editing. Jocelyn Tanya: Data curation and for-
mal analysis. Nadia Salwa Rahmadina: Data curation and 
formal analysis. Atris Suyantohadi: Funding acquisition 
and writing – review and editing. Dwi Larasatie Nur Fibri: 
Data curation and supervision.

Table 5. Hedonic test of tempeh at different Spirulina concentrations.

Hedonic
Spirulina addition (g/kg)

0 5 10 20 40
Colour 8.01 ± 1.53d 6.82 ± 1.51c 6.30 ± 1.68c 5.46 ± 2.12b 4.23 ± 2.36a

Colour homogeneity 8.15 ± 1.23d 6.79 ± 1.51c 6.19 ± 1.90bc 5.87 ± 2.04ab 5.46 ± 2.44a

Saltiness 6.79 ± 1.85bc 6.97 ± 1.58c 6.23 ± 1.98ab 6.01 ± 2.10a 5.80 ± 2.28a

Umami 6.86 ± 1.73c 7.03 ± 1.49c 6.57 ± 1.75bc 5.96 ± 1.97ab 5.68 ± 2.25a

Bitterness 6.48 ± 2.57bc 6.75 ± 2.15c 5.83 ± 2.36ab 5.32 ± 2.44a 5.16 ± 2.59a

Fishy smell 6.86 ± 2.40b 6.51 ± 1.82b 6.14 ± 2.27b 5.26 ± 2.34a 4.49 ± 2.60a

Rancidity 6.12 ± 2.70c 6.15 ± 2.24c 5.87 ± 2.38bc 5.01 ± 2.30a 5.10 ± 2.43ab

Beany flavour 6.17 ± 2.81c 6.21 ± 1.99c 5.56 ± 2.29bc 5.00 ± 2.25ab 4.49 ± 2.37a

Oily 5.92 ± 2.32a 5.73 ± 2.09a 6.11 ± 1.96a 5.52 ± 1.98a 5.72 ± 2.08a

Firmness 6.83 ± 1.63a 6.81 ± 1.70a 6.64 ± 1.85a 6.22 ± 1.98a 6.39 ± 1.78a

Compactness 7.20 ± 1.36b 6.94 ± 1.75b 6.87 ± 1.71b 6.22 ± 1.92a 6.75 ± 1.71ab

Colour appearance 8.08 ± 0.97d 6.89 ± 1.18c 6.50 ± 1.55c 5.83 ± 1.87b 5.13 ± 2.32a

Raw tempeh colour 7.89 ± 1.34e 6.51 ± 1.73d 5.26 ± 1.86c 4.38 ± 1.96b 3.74 ± 2.37a

Homogeneity of raw tempeh colour 8.21 ± 1.03c 6.76 ± 1.64b 5.76 ± 1.94a 5.16 ± 1.94a 5.55 ± 2.25a

Overall likeness 7.54 ± 1.27d 6.98 ± 1.27c 6.21 ± 1.49b 5.59 ± 1.62a 5.07 ± 2.30a

a-cValues with different superscript alphabet in one column are significantly different based on Duncan’s test (p < 0.05).



Emir. J. Food Agric ⋅ Volume 37 ⋅ 2025 9

Emirates Journal of Food and Agriculture

Conflict of interest
The authors declare that there is no conflict interest in the 
publication.

Acknowledgements
This work was financially supported by Faculty of Agri-
cultural Technology, Gadjah Mada University through 
Synergy Research Grant 2020 [grant number 1850/UN1/
FTP.1.3/SET-D/KU/2020].

References
Abbas MS, Bandar LK, Alkhilani FMH (2021) Effect of using different 

levels of Spirulina Algae (Spirulina platensis) in The diet on concen-
tration, types of fatty acids, oxidation indicators, and sensory char-
acteristics of broiler carcasses. IOP Conference Series: Earth and 
Environmental Science 910(1): 12044. https://doi.org/10.1088/1755-
1315/910/1/012044

Agustiar AA, Rairat T, Zeng M, Praiboon J (2022) Effect of different ex-
tracting solvents on antioxidant activity and inhibitory effect on dia-
betic enzymes of Chlorella vulgaris and Spirulina platensis. Journal of 
Fisheries and Environment 46(3): 10–26.

Anekthanakul K, Senachak J, Hongsthong A, Charoonratana T, Rueng-
jitchatchawalya M (2019) Natural ACE inhibitory peptides discov-
ery from Spirulina (Arthrospira platensis) strain C1. Peptides 118: 
170107. https://doi.org/10.1016/j.peptides.2019.170107

AOAC (2005) Official Method of Analysis of The Association of Official 
Analytical of Chemist. Association of Official Analytical Chemist.

Apostolidis E, Kwon YI, Shetty K (2007) Inhibitory potential of herb, 
fruit, and fungal-enriched cheese against key enzymes linked to type 
2 diabetes and hypertension. Innovative Food Science and Emerging 
Technologies 8(1): 46–54. https://doi.org/10.1016/j.ifset.2006.06.001

Astawan M, Cahyani AP, Wresdiyati T (2023) Antioxidant activity and 
isoflavone content of overripe Indonesian tempe. Food Research 7: 
42–50. https://doi.org/10.26656/fr.2017.7(S1).16

Barkallah M, Dammak M, Louati I, Hentati F, Hadrich B, Mechichi T, 
Ayadi MA, Fendri I, Attia H, Abdelkafi S (2017) Effect of Spirulina 
platensis fortification on physicochemical, textural, antioxidant and 
sensory properties of yogurt during fermentation and storage. LWT 
84: 323–330. https://doi.org/10.1016/j.lwt.2017.05.071

Barkia I, Al-Haj L, Abdul Hamid A, Zakaria M, Saari N, Zadjali F (2019) 
Indigenous marine diatoms as novel sources of bioactive peptides 
with antihypertensive and antioxidant properties. International Jour-
nal of Food Science and Technology 54(5): 1514–1522. https://doi.
org/10.1111/ijfs.14006

Bleakley S, Hayes M (2021) Functional and bioactive properties of pro-
tein extracts generated from Spirulina platensis and isochrysis gal-
bana T-Iso. Applied Sciences (Switzerland) 11(9): 3964. https://doi.
org/10.3390/app11093964

BPS (2020) Statistik menurut Subjek. https://www.bps.go.id/id/statis-
tics-table?subject=523

Chaudhary SK, Maity N, Nema NK, Bhadra S, Saha BP, Mukherjee PK 
(2013) Angiotensin converting enzyme inhibition activity of fennel 
and coriander oils from India. Natural Product Communications 
8(5): 671–672. https://doi.org/10.1177/1934578X1300800531

Csatlos NI, Simon E, Teleky BE, Szabo K, Diaconeasa ZM, Vodnar DC, 
Ciont C, Pop OL (2023) Development of a fermented beverage with 
Chlorella vulgaris powder on soybean-based fermented beverage. 
Biomolecules 13(2): 245. https://doi.org/10.3390/biom13020245

Cushman DW, Cheung HS (1971) Spectrophotometric assay and proper-
ties of the angiotensin-converting enzyme of rabbit lung. Biochemical 

Pharmacology 20(7): 1637–1648. https://doi.org/10.1016/0006-
2952(71)90292-9

DataBridge Market Research (2022) Global Tempeh Market – Industry 
Trends and Forecast to 2029.

de Marco Castro E, Shannon E, Abu-Ghannam N (2019) Effect of fer-
mentation on enhancing the nutraceutical properties of Arthrospira 
platensis (Spirulina). Fermentation 5(1): 28. https://doi.org/10.3390/
fermentation5010028

El-Anany AM, Althwab SA, Alhomaid RM, Ali RFM, Mousa HM 
(2023) Effect of Spirulina (Arthrospira platensis) powder addition 
on nutritional and sensory attributes of chicken mortadella. Italian 
Journal of Food Science 35(4): 1–11. https://doi.org/10.15586/ijfs.
v35i4.2368

El-Sakhawy MA, Iqbal MZ, Gabr GA, Alqasem AA, El-Sherbiny At-
eya AA, Ahmed FA, El-Hashash SA, Ibrahim HS, Abu El-Ghiet 
UM (2023) The mechanism of action of Spirulina as antidiabetic: 
a narrative review. Italian Journal of Medicine 17(2). https://doi.
org/10.4081/itjm.2023.1639

Falcão RL, Pinheiro V, Ribeiro C, Sousa I, Raymundo A, Nunes MC 
(2023) Nutritional improvement of fresh cheese with microalga 
Chlorella vulgaris: Impact on composition, structure and sensory 
acceptance. Food Technology and Biotechnology 61(2): 259–270. 
https://doi.org/10.17113/ftb.61.02.23.7851

Fithriani D, Amini S, Melanie S, Susilowati R (2015) Uji fitokimia, 
kandungan total fenol dan aktivitas antioksidan mikroalga Spiruli-
na sp., Chlorella sp., dan Nannochloropsis sp. Jurnal Pascapanen Dan 
Bioteknologi Kelautan Dan Perikanan 10(2): 101–109. https://doi.
org/10.15578/jpbkp.v10i2.222

Gong L, Feng D, Wang T, Ren Y, Liu Y, Wang J (2020) Inhibitors of α-am-
ylase and α-glucosidase: Potential linkage for whole cereal foods on 
prevention of hyperglycemia. Food Science & Nutrition 8(12): 6320–
6337. https://doi.org/10.1002/fsn3.1987

Grosshagauer S, Kraemer K, Somoza V (2020) The true value of 
Spirulina. Journal of Agricultural and Food Chemistry 68(14): 4109–
4115. https://doi.org/10.1021/acs.jafc.9b08251

Guldas M, Ziyanok-Demirtas S, Sahan Y, Yildiz E, Gurbuz O (2021) 
Antioxidant and anti-diabetic properties of Spirulina platensis pro-
duced in Turkey. Food Science and Technology (Brazil) 41(3): 615–
625. https://doi.org/10.1590/fst.23920

Heskamp M, Barz W (1998) Expression of proteases by Rhizo-
pus species during tempeh fermentation of soybeans. Food/
Nahrung 42(01): 23–28. https://doi.org/10.1002/(SICI)1521-
3803(199802)42:01%3C23::AID-FOOD23%3E3.0.CO;2-3

Hidayah N, Setia Adiandri R, Astuti M (2012) Evaluasi Sifat Fisikokim-
iawi Dan Organoleptik Tempe Dari Berbagai Varietas Kedelai. Wid-
yariset 15(2): 357–364.

Hu S, Fan X, Qi P, Zhang X (2019) Identification of anti-diabetes pep-
tides from Spirulina platensis. Journal of Functional Foods 56: 333–
341. https://doi.org/10.1016/j.jff.2019.03.024

https://doi.org/10.1088/1755-1315/910/1/012044
https://doi.org/10.1088/1755-1315/910/1/012044
https://doi.org/10.1016/j.peptides.2019.170107
https://doi.org/10.1016/j.ifset.2006.06.001
https://doi.org/10.26656/fr.2017.7(S1).16
https://doi.org/10.1016/j.lwt.2017.05.071
https://doi.org/10.1111/ijfs.14006
https://doi.org/10.1111/ijfs.14006
https://doi.org/10.3390/app11093964
https://doi.org/10.3390/app11093964
https://www.bps.go.id/id/statistics-table?subject=523
https://www.bps.go.id/id/statistics-table?subject=523
https://doi.org/10.1177/1934578X1300800531
https://doi.org/10.3390/biom13020245
https://doi.org/10.1016/0006-2952(71)90292-9
https://doi.org/10.1016/0006-2952(71)90292-9
https://doi.org/10.3390/fermentation5010028
https://doi.org/10.3390/fermentation5010028
https://doi.org/10.15586/ijfs.v35i4.2368
https://doi.org/10.15586/ijfs.v35i4.2368
https://doi.org/10.4081/itjm.2023.1639
https://doi.org/10.4081/itjm.2023.1639
https://doi.org/10.17113/ftb.61.02.23.7851
https://doi.org/10.15578/jpbkp.v10i2.222
https://doi.org/10.15578/jpbkp.v10i2.222
https://doi.org/10.1002/fsn3.1987
https://doi.org/10.1021/acs.jafc.9b08251
https://doi.org/10.1590/fst.23920
https://doi.org/10.1002/(SICI)1521-3803(199802)42:01%3C23::AID-FOOD23%3E3.0.CO;2-3
https://doi.org/10.1002/(SICI)1521-3803(199802)42:01%3C23::AID-FOOD23%3E3.0.CO;2-3
https://doi.org/10.1016/j.jff.2019.03.024


Wikandari, et al.: Functional properties of Spirulina tempeh10

Emirates Journal of Food and Agriculture

Jalili S, Aryan S, Mousavinezhad SA, Moeini H, Dehnad D (2024) 
Optimizing Spirulina platensis, Chlorella vulgaris microalgae and 
curcumin application in functional cheese production and inves-
tigating its physicochemical properties and sensory evaluation by 
RSM. Journal of Food Measurement and Characterization 18(2): 
1144–1157. https://doi.org/10.1007/s11694-023-02231-w

Jiang Q, Chen Q, Zhang T, Liu M, Duan S, Sun X (2021) The antihy-
pertensive effects and potential molecular mechanism of microalgal 
angiotensin i-converting enzyme inhibitor-like peptides: A mini re-
view. International Journal of Molecular Sciences 22(8). https://doi.
org/10.3390/ijms22084068

Kahraman Ilıkkan Ö, Bağdat EŞ (2023) The effect of kefir enrichment 
with Arthrospira platensis and Chlorella vulgaris on kefir microbiota, 
antioxidant, and physicochemical properties. Journal of Applied Phy-
cology 35(2): 713–720. https://doi.org/10.1007/s10811-022-02892-y

Khandual S, Sanchez EOL, Andrews HE, de la Rosa JDP (2021) Phycocy-
anin content and nutritional profile of Arthrospira platensis from Mexi-
co: efficient extraction process and stability evaluation of phycocyanin. 
BMC Chemistry 15(1): 24. https://doi.org/10.1186/s13065-021-00746-1

Khemiri S, Khelifi N, Nunes MC, Ferreira A, Gouveia L, Smaali I, Raymundo 
A (2020) Microalgae biomass as an additional ingredient of gluten-free 
bread: Dough rheology, texture quality and nutritional properties. Algal 
Research 50: 101998. https://doi.org/10.1016/j.algal.2020.101998

Kumar A, Ramamoorthy D, Verma DK, Kumar A, Kumar N, Kanak 
KR, Marwein BM, Mohan K (2022) Antioxidant and phytonutrient 
activities of Spirulina platensis. Energy Nexus 6: 100070. https://doi.
org/10.1016/j.nexus.2022.100070

Lafarga T, Fernández-Sevilla JM, González-López C, Acién-Fernández 
FG (2020) Spirulina for the food and functional food industries. 
Food Research International 137: 109356. https://doi.org/10.1016/j.
foodres.2020.109356

Lu Y, Wang Y, Huang D, Bian Z, Lu P, Fan D, Wang X (2021) Inhibitory 
mechanism of angiotensin-converting enzyme inhibitory peptides 
from black tea. Journal of Zhejiang University, Science, B 22(7): 575–
589. https://doi.org/10.1631/jzus.B2000520

Lucas BF, Morais MG de Santos TD, Costa JAV (2018) Spirulina for 
snack enrichment: Nutritional, physical and sensory evaluations. Lwt 
90: 270–276. https://doi.org/10.1016/j.lwt.2017.12.032

Ma F-F, Wang H, Wei C-K, Thakur K, Wei Z-J, Jiang L (2019) Three novel 
ACE inhibitory peptides isolated from Ginkgo biloba seeds: Purifica-
tion, inhibitory kinetic and mechanism. Frontiers in Pharmacology 
9: 1579. https://doi.org/10.3389/fphar.2018.01579

Martínez-Sámano J, De Oca ATM, O-Bocardo OIL, Torres-Durán PV, 
Juárez-Oropeza MA (2018) Spirulina maxima decreases endothelial 
damage and oxidative stress indicators in patients with systemic ar-
terial hypertension: Results from exploratory controlled clinical trial. 
Marine Drugs 16(12). https://doi.org/10.3390/md16120496

Mascaraque M (2018) Top 5 Trends Shaping Health and Wellness.
Miczke A, Szulińska M, Hansdorfer-Korzon R, Kręgielska-Narozna M, 

Suliburska J, Walkowiak J, Bogdański P (2016) Effects of Spirulina 
consumption on body weight, blood pressure, and endothelial func-
tion in overweight hypertensive Caucasians: A doubleblind, place-
bo-controlled, randomized trial. European Review for Medical and 
Pharmacological Sciences 20(1): 150–156.

Moraes CC, Sala L, Cerveira GP, Kalil SJ (2011) C-phycocyanin ex-
traction from Spirulina platensis wet biomass. Brazilian Journal of 
Chemical Engineering 28(1): 45–49. https://doi.org/10.1590/S0104-
66322011000100006

Morsy OM, Sharoba AM, El-Desouky AI, Bahlol HEM, Abd El 
Mawla EM (2014) Production and evaluation of some extruded 
food products using spirulina algae. Annals of Agricultural Sci-
ence, Moshtohor 52(4): 495–510. https://doi.org/10.21608/ass-
jm.2014.111899

Mostolizadeh S, Moradi Y, Mortazavi MS, Motallebi AA, Ghaeni M 
(2020) Effects of incorporation Spirulina platensis (Gomont, 1892) 
powder in wheat flour on chemical, microbial and sensory properties 
of pasta. Iranian Journal of Fisheries Sciences 19(1): 410–420. https://
doi.org/10.22092/ijfs.2019.119107

Mujianto (2013) Analisis Faktor Yang Mempengaruhi Proses Produksi 
Tempe Produk UMKM di Kabupaten Sidoarjo. REKA Agroindustri 
1(UMKM Tempe), 57–65. http://ejournal.uwks.ac.id/detailjurnal.as-
px?v=201310540413349173&x=1

Niccolai A, Venturi M, Galli V, Pini N, Rodolfi L, Biondi N, D’Ottavio 
M, Batista AP, Raymundo A, Granchi L, Tredici MR (2019) Devel-
opment of new microalgae-based sourdough “crostini”: functional 
effects of Arthrospira platensis (Spirulina) addition. Scientific Reports 
9(1). https://doi.org/10.1038/s41598-019-55840-1

Ochoa-Méndez CE, Lara-Hernández I, González LM, Aguirre-Bañue-
los P, Ibarra-Barajas M, Castro-Moreno P, González-Ortega O, So-
ria-Guerra RE (2016) Bioactivity of an antihypertensive peptide 
expressed in Chlamydomonas reinhardtii. Journal of Biotechnology 
240: 76–84. https://doi.org/10.1016/j.jbiotec.2016.11.001

Paternina LPR, Moraes L, Lopes LC, Santos TD, Morais MG, Costa 
JAV (2024) Nutritional and functional synergism of Spirulina and 
açai mixtures in gummy candies. Discover Food 4(1). https://doi.
org/10.1007/s44187-024-00142-3

Phaniendra A, Jestadi DB, Periyasamy L (2015) Free Radicals: Prop-
erties, Sources, Targets, and Their Implication in Various Diseases. 
Indian Journal of Clinical Biochemistry 30(1): 11–26. https://doi.
org/10.1007/s12291-014-0446-0

Rahim A, Çakir C, Ozturk M, Şahin B, Soulaimani A, Sibaoueih M, 
Nasser B, Eddoha R, Essamadi A, El Amiri B (2021) Chemical 
characterization and nutritional value of Spirulina platensis culti-
vated in natural conditions of Chichaoua region (Morocco). South 
African Journal of Botany 141: 235–242. https://doi.org/10.1016/j.
sajb.2021.05.006

Rajmohan D, Bellmer D (2019) Characterization of Spirulina-alginate 
beads formed using ionic gelation. International Journal of Food Sci-
ence 2019: 1–8. https://doi.org/10.1155/2019/7101279

Rehman M, Naeem R, Biswas S, Sohail M, Khan S, Arif M, Amjad N, 
Tahir S, Mehmood A (2024) Synergistic Interaction of Spirulina sp. 
and folic acid- producing bacteria for folate production. Current 
Research in Nutrition & Food Science 12(3): 1354–1365. https://doi.
org/10.12944/CRNFSJ.12.3.29

Rizal S, Kustyawati ME, Suharyono AS, Suyarto VA (2022) Changes of 
nutritional composition of tempeh during fermentation with the ad-
dition of Saccharomyces cerevisiae. Biodiversitas 23(3): 1553–1559. 
https://doi.org/10.13057/biodiv/d230345

Rodríguez De Marco E, Steffolani ME, Martínez CS, León AE (2014) 
Effects of spirulina biomass on the technological and nutrition-
al quality of bread wheat pasta. Lwt 58(1): 102–108. https://doi.
org/10.1016/j.lwt.2014.02.054

Şahin OI (2020) Functional and sensorial properties of cookies enriched 
with Spirulina and Dunaliella biomass. Journal of Food Science and 
Technology 57(10): 3639–3646. https://doi.org/10.1007/s13197-020-
04396-4

https://doi.org/10.1007/s11694-023-02231-w
https://doi.org/10.3390/ijms22084068
https://doi.org/10.3390/ijms22084068
https://doi.org/10.1007/s10811-022-02892-y
https://doi.org/10.1186/s13065-021-00746-1
https://doi.org/10.1016/j.algal.2020.101998
https://doi.org/10.1016/j.nexus.2022.100070
https://doi.org/10.1016/j.nexus.2022.100070
https://doi.org/10.1016/j.foodres.2020.109356
https://doi.org/10.1016/j.foodres.2020.109356
https://doi.org/10.1631/jzus.B2000520
https://doi.org/10.1016/j.lwt.2017.12.032
https://doi.org/10.3389/fphar.2018.01579
https://doi.org/10.3390/md16120496
https://doi.org/10.1590/S0104-66322011000100006
https://doi.org/10.1590/S0104-66322011000100006
https://doi.org/10.21608/assjm.2014.111899
https://doi.org/10.21608/assjm.2014.111899
https://doi.org/10.22092/ijfs.2019.119107
https://doi.org/10.22092/ijfs.2019.119107
http://ejournal.uwks.ac.id/detailjurnal.aspx?v=201310540413349173&x=1
http://ejournal.uwks.ac.id/detailjurnal.aspx?v=201310540413349173&x=1
https://doi.org/10.1038/s41598-019-55840-1
https://doi.org/10.1016/j.jbiotec.2016.11.001
https://doi.org/10.1007/s44187-024-00142-3
https://doi.org/10.1007/s44187-024-00142-3
https://doi.org/10.1007/s12291-014-0446-0
https://doi.org/10.1007/s12291-014-0446-0
https://doi.org/10.1016/j.sajb.2021.05.006
https://doi.org/10.1016/j.sajb.2021.05.006
https://doi.org/10.1155/2019/7101279
https://doi.org/10.12944/CRNFSJ.12.3.29
https://doi.org/10.12944/CRNFSJ.12.3.29
https://doi.org/10.13057/biodiv/d230345
https://doi.org/10.1016/j.lwt.2014.02.054
https://doi.org/10.1016/j.lwt.2014.02.054
https://doi.org/10.1007/s13197-020-04396-4
https://doi.org/10.1007/s13197-020-04396-4


Emir. J. Food Agric ⋅ Volume 37 ⋅ 2025 11

Emirates Journal of Food and Agriculture

Shimamatsu H (2004) Mass production of Spirulina, an edible microal-
ga. Hydrobiologia 512(1–3): 39–44. https://doi.org/10.1023/B:HY-
DR.0000020364.23796.04

Sloan AE (2020) The Top 10 Functional Food Trends. https://www.ift.
org/news-and-publications/food-technology-magazine/issues/2022/
april/features/top-10-functional-food-trends

Soocial (2024) 25 Functional Food Statistics To Get You Buzzed About 
Eating Healthy. Soocial.Com. https://www.soocial.com/function-
al-food-statistics/

Sparringa RA, Owens JD (1999) Causes of alkalinization in tempe solid 
substrate fermentation. Enzyme and Microbial Technology 25(8–9): 
677–681. https://doi.org/10.1016/S0141-0229(99)00097-6

Starzyńska-Janiszewska A, Duliński R, Stodolak B, Mickowska B, Wikiera 
A (2016) Prolonged tempe-type fermentation in order to improve bio-
active potential and nutritional parameters of quinoa seeds. Journal of 
Cereal Science 71: 116–121. https://doi.org/10.1016/j.jcs.2016.08.001

Starzyńska-Janiszewska A, Stodolak B, Wikiera A (2015) Proteolysis in tem-
peh-type products obtained with Rhizopus and Aspergillus strains from 
grass pea (Lathyrus sativus) seeds. Acta Scientiarum Polonorum, Tech-
nologia Alimentaria 14(2): 125–132. https://doi.org/10.17306/J.AFS.14

Suetsuna K, Chen JR (2001) Identification of antihypertensive peptides 
from peptic digest of two microalgae, Chlorella vulgaris and Spir-
ulina platensis. Marine Biotechnology 3(4): 305–309. https://doi.
org/10.1007/s10126-001-0012-7

Syukri D, Sylvi D, Ramadani SF (2022) Effect of various cooking methods 
on quality and sensory characteristics of tempeh madefrom soybeans 
and corn. Andalasian International Journal of Agriculture and Nat-
ural Sciences (AIJANS) 3(02): 87–113. https://doi.org/10.25077/ai-
jans.v3.i02.87-113.2022

Szmejda K, Duliński R, Byczyński Ł, Karbowski A, Florczak T, Żyła K 
(2018) Analysis of the selected antioxidant compounds in ice cream 
supplemented with Spirulina (Arthrospira platensis) extract. Biotech-
nology and Food Science 82(1).

Tamam B, Syah D, Suhartono MT, Kusuma WA, Tachibana S, Lioe HN 
(2019) Proteomic study of bioactive peptides from tempe. Jour-
nal of Bioscience and Bioengineering 128(2): 241–248. https://doi.
org/10.1016/j.jbiosc.2019.01.019

Vieira MV, Turkiewicz IP, Tkacz K, Fuentes-Grünewald C, Pastrana 
LM, Fuciños P, Wojdyło A, Nowicka P (2021) Microalgae as a po-
tential functional ingredient: Evaluation of the phytochemical pro-
file, antioxidant activity and in-vitro enzymatic inhibitory effect of 
different species. Molecules 26(24). https://doi.org/10.3390/mole-
cules26247593

Wu Q, Liu L, Miron A, Klímová B, Wan D, Kuča K (2016) The antioxi-
dant, immunomodulatory, and anti-inflammatory activities of Spiru-
lina: an overview. Archives of Toxicology 90(8): 1817–1840. https://
doi.org/10.1007/s00204-016-1744-5

Wunsch N-G (2020) Functional foods market: sales worldwide 2016-
2023, by region.

Xu BJ, Yuan SH, Chang SKC (2007) Comparative analyses of phenolic 
composition, antioxidant capacity, and color of cool season legumes 
and other selected food legumes. Journal of Food Science 72(2). 
https://doi.org/10.1111/j.1750-3841.2006.00261.x

Yoshari RM, Astawan M, Prangdimurti E, Wresdiyati T (2023) The 
production process of tempe protein isolate from germinated soy-
beans and its potential as an antidiabetic. Food Research 7(1): 71–79. 
https://doi.org/10.26656/fr.2017.7(S1).23

https://doi.org/10.1023/B:HYDR.0000020364.23796.04
https://doi.org/10.1023/B:HYDR.0000020364.23796.04
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2022/april/features/top-10-functional-food-trends
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2022/april/features/top-10-functional-food-trends
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2022/april/features/top-10-functional-food-trends
https://www.soocial.com/functional-food-statistics/
https://www.soocial.com/functional-food-statistics/
https://doi.org/10.1016/S0141-0229(99)00097-6
https://doi.org/10.1016/j.jcs.2016.08.001
https://doi.org/10.17306/J.AFS.14
https://doi.org/10.1007/s10126-001-0012-7
https://doi.org/10.1007/s10126-001-0012-7
https://doi.org/10.25077/aijans.v3.i02.87-113.2022
https://doi.org/10.25077/aijans.v3.i02.87-113.2022
https://doi.org/10.1016/j.jbiosc.2019.01.019
https://doi.org/10.1016/j.jbiosc.2019.01.019
https://doi.org/10.3390/molecules26247593
https://doi.org/10.3390/molecules26247593
https://doi.org/10.1007/s00204-016-1744-5
https://doi.org/10.1007/s00204-016-1744-5
https://doi.org/10.1111/j.1750-3841.2006.00261.x
https://doi.org/10.26656/fr.2017.7(S1).23

	Effect of Spirulina platensis addition on physicochemical, bioactivity, and sensory properties of fermented soybean as a potential functional food product
	Abstract
	Introduction
	Material and methods
	Material
	Spirulina tempeh production
	Proximate analysis
	Analysis of antioxidant activity
	α-amylase inhibition assay
	Angiotensin I-converting enzyme (ACE)-inhibition assay
	Sensory test
	Statistical analysis

	Results and discussion
	Physicochemical properties of Spirulina tempeh
	Effect of Spirulina addition

	Functional property of Spirulina tempeh
	Effect of fermentation time

	Effect of Spirulina addition
	Antioxidant activity
	α-amylase inhibition activities
	ACE inhibition activity

	Sensory characteristics of Spirulina tempeh

	Conclusions
	Author contributions
	Conflict of interest
	Acknowledgements
	References

