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ABSTRACT

Purpose: Various plants, herbal medicines, and marine foodstuffs have been used in kimchi preparation to improve its overall 

quality. Teff, which is rich in minerals and starches, facilitates stable blood glucose levels and is well-suited for use in 

gluten-free products; hence, it can be used to reinforce the mineral composition of kimchi. In this study, we probed the 

antioxidant activities of hydrolysates prepared by treatment of brown teff with three proteases under different conditions. 

Methods: The mineral composition of brown teff was determined by inductively coupled plasma spectrophotometry-mass 

spectrometry, and we established optimal hydrolysis conditions by determining the total phenol and flavonoid contents of teff 

hydrolysates obtained using three different proteases (protamax, flavourzyme, and alcalase), two different protease 

concentrations (1 and 3 wt%), and three different incubation times (1, 2, and 4 h). The antioxidant activity of the hydrolysates 

was further investigated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity, total antioxidant capacity (TAC), and 

ferrous reducing antioxidant power (FRAP) assays. Results: Brown teff was rich in I, K, Mg, and Ca, and the highest total 

phenol content (24.16 μg/mL), total flavonoid content (69.08 μg/mL), and TAC were obtained for 1 wt% protamax treatment. 

However, the highest DPPH scavenging activity and FRAP values were observed for hydrolysates produced by alcalase and 

flavourzyme treatments, respectively. Conclusion: Treatment of brown teff with proteases affords hydrolysates with 

significantly increased antioxidant activities and high total phenol and flavonoid contents, and these antioxidant activities of 

teff hydrolysates have the potential to enhance the quality and functionality of kimchi in future applications.
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Introduction

Teff, a fine grain that has been consumed in northeastern 
Africa since ancient times, provides long-lasting satiation 
for hunger1,2 and is predicted to be the next super-grain 
after quinoa3 and an emerging food trend for 2017.4 
Notably, teff is abundant in proteins, vitamin C, dietary 
fiber, and minerals (especially Ca and Fe), shows high 
antioxidant activity, and contains resistant starches while 
being gluten-free; it is widely used in gluten-free products 
for blood sugar level management.5

In the food industry, various types of enzymatic 
hydrolysis have been intensively demonstrated and reported. 
Enzymatic hydrolysis, which is induced by treatment with 
commercial proteases such as protamax, flavourzyme, and 
alcalase, was first used to break peptide bonds of proteins 
and utilized to improve the health benefits of various foods. 

Numerous studies have shown that hydrolysates obtained 
by protease treatment exhibit antioxidant, antigenic, and 
angiotensin-I-converting enzyme (ACE) inhibitory activities. 
For instance, Sung et al. reported that hydrolysis of 
buckwheat by seven commercial proteases resulted in 
antigenicity and allergenicity attenuation,6 while Huang 
et al. reported that gelatin hydrolysate produced by protease 
treatment of milkfish showed antioxidant and ACE 
inhibitory activity.7 The present study is motivated by a 
lack of available information on the application of 
commercial proteases to brown teff. 

Total phenol and flavonoid contents are known to be 
positively correlated with antioxidant activity, since these 
compounds scavenge hydroxyl radicals and thus act as 
antioxidants; hence, they are often used as indicators of 
antioxidant activity in many studies.8-10 For example, 
Forsido et al. revealed that the Ethiopian staple grain teff 
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Fig. 1. The process used for brown teff hydrolysis under different conditions

Enzyme Optimal pH Optimal Temp. Enzyme composition 

Protamax 7.0 50°C Endoprotease, exoprotease

Flavourzyme 7.0 50°C Endoprotease, exoprotease

Alcalase 7.0 50°C Endoprotease

Table 1. Optimal hydrolysis conditions of commercial proteases 

is a valuable food supplement,10 while Inglett et al. 
investigated the antioxidant activities of free and bound 
phenolic compounds in ancient grains such as amaranth, 
quinoa, teff, and buckwheat.11

Recently, kimchi has been regarded worldwide as a 
functional health food, and the antioxidant, antiobesity, 
and antidiabetic activities of kimchi have been studied.12-14 
In addition, kimchi studies with plants, herbal medicines, 
and marine foodstuffs were conducted to improve the 
functionality and quality of kimchi. For instance, adding 
mushrooms, sea tangle extracts, and mustard leaves to 
kimchi yielded powerful antioxidant properties in the final 
kimchi.15 

In this study, brown teff was selected as a food supplement 
to increase the quality and health functionality of kimchi. 
The mineral composition of brown teff was analyzed before 
enzymatic hydrolysis. Brown teff was hydrolyzed by three 
commercial proteases (protamax, flavourzyme, and alcalase) 
at different protease concentrations and incubation times, 
and color intensity was measured to determine their effects 
on the final kimchi color. Herein, the total phenol and 
flavonoid contents of the obtained hydrolysates were 
determined. In addition, 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) scavenging activity, total antioxidant capacity 
(TAC), and ferrous reducing antioxidant power (FRAP) 
assays were performed to investigate the antioxidant 
activities of the brown teff hydrolysates.

Methods

Chemicals
Brown teff of Indonesian origin was purchased from 

an online market (Handsherb, Yeongcheon, Korea). Protamax, 
flavourzyme, and alcalase were purchased from Novozyme 
(Novozyme, Bagsvaerd, Denmark). DPPH, gallic acid, 
quercetin, and the TAC kit were obtained from Sigma 
Aldrich (St. Louis, MO, USA). The FRAP kit was purchased 
from ARBOR ASSAYS (Ann Arbor, MI, USA). Table 1 
presents the optimal hydrolysis condition of the commercial 
proteases.

Mineral composition analysis
The brown teff was combusted/pyrolyzed in the 

presence/absence of air in a furnace at 600°C for 12 h. 
The residue was then cooled to room temperature, treated 
with 6 M HCl, and incubated for 15 h. The obtained mixture 
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Mineral Content (mg/100 g)

Na 2.90 ± 0.25

K 353.50 ± 12.32

Ca 148.00 ± 9.21

Fe 8.20 ± 0.53

Mg 169.90 ± 11.24

Zn 1.80 ± 0.17

P 365.40 ± 8.36

Data are expressed mean ± SD.

Table 2. Mineral composition of brown teff 

was filtered, and a 100 μL filtrate aliquot was diluted 
with distilled water (DW; 3 mL) and analyzed by induc-
tively coupled plasma spectrophotometry-mass spectrometry 
(Model #7500a, Agilent Technology, Palo Alto, CA, USA).

Hydrolysate preparation
To establish optimal hydrolysis conditions, a suspension 

of brown teff (10 g) in DW (20 mL) was treated with 
proteases (protamax, flavourzyme, and alcalase) to achieve 
an enzyme loading of 1 or 3 wt%, and then incubated 
at 50°C for 1, 2, or 4 h. Subsequently, proteases were 
inactivated by 10 min heating at 100°C and precipitated 
by addition of 60 vol% aqueous ethanol (20 mL). The 
obtained mixtures were centrifuged using a Centrifuge 
5430R (Eppendorf, Hamburg, Germany) at 3,000 rpm for 
30 min, and the supernatant was collected for subsequent 
experiments. The process of brown teff hydrolysis is 
illustrated in Fig. 1.

Total phenol content measurements
The total phenol contents of brown teff hydrolysates 

were determined using the Folin-Ciocalteu method16 based 
on the gallic acid standard curve, and were expressed in 
mg gallic acid equivalent per gram of extract (mg GAE/g). 
Absorbance was measured at 750 nm using a SPECTROStar 
Nano microplate reader (BMG LABTECH, Ortenberg, 
Germany).

Total flavonoid content measurements
The total flavonoid contents of brown teff hydrolysates 

were determined using Chang’s method17 based on the 
quercetin standard curve and were expressed in mg 
quercetin equivalent per gram of extract (mg EQ/g). 
Absorbance was measured at 425 nm using a microplate 
reader.

DPPH radical scavenging assay
The antioxidant activities of brown teff hydrolysates were 

analyzed using a modified DPPH radical scavenging 
assay.18 In particular, absorbance was measured at 515 nm 
using a microplate reader, and the inhibition percentage (PI) 
was calculated as PI = [(Absorbance of DW - absorbance 
of the brown teff sample)/absorbances of DW] × 100%.

Total antioxidant capacity assay
TAC values of brown teff hydrolysates were measured 

based on the Trolox standard curve using a colorimetric 
assay kit. Absorbance was measured at 570 nm using a 
microplate reader. TAC values were expressed as nM.

Ferrous reducing antioxidant power assay
FRAP values of brown teff hydrolysates were measured 

based on the Fe (II) standard curve using the colorimetric 
detection kit. Absorbance was measured at 540 nm using 
a microplate reader. FRAP values were expressed as μM.

Statistical analysis
Data were expressed as mean ± standard deviation. 

Significance was verified by one-way ANOVA using 
GraphPad Prism 7 software (GraphPad Software Inc., San 
Diego, California, USA), and p values of less than 0.05 
were assumed to indicate statistical significance.

Results

Mineral composition of brown teff
Table 2 shows the mineral contents of brown teff, 

demonstrating that this grain is rich in iodine (I; 365.4 
mg/100 g), potassium (K; 353.5 mg/100 g), calcium (Ca), 
and magnesium (Mg). These results were consistent with 
other studies showing the high calcium content of teff. 
However, sodium (Na), iron (Fe), and zinc (Zn) contents 
were lower than 10 mg/100 g. Unexpectedly, this result 
was inconsistent with other studies that have reported high 
iron contents in brown teff.

Hydrolysis procedure 
Fig. 1 shows brown teff hydrolysates prepared under 

different conditions, revealing that color intensity decreased 
in the order of protamax > flavourzyme > alcalase and 
increased with increasing enzyme loading. In addition, the 
color of brown teff was softened by hydrolysis, leading 
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(A)

  

(B)

Fig. 2. Total phenol contents of brown teff hydrolysates produced by (A) 1 wt% and (B) 3 wt% treatment with protamax (P), flavourzyme 
(F), and alcalase (A). NS: not significantly different; * p < 0.05, ** p < 0.01.

(A)

  

(B)

Fig. 3. Total flavonoid contents of brown teff hydrolysates produced by (A) 1 wt% and (B) 3 wt% treatment with protamax (P), flavourzyme 
(F), and alcalase (A). NS: not significantly different; * p < 0.05, ** p < 0.01, *** p < 0.001.

to an easier application to kimchi. On average, 7 mL of 
brown teff hydrolysate was obtained from 10 g of brown 
teff, 20 mL of DW, and 20 mL of 60 vol% ethanol. 

Total phenol content of brown teff hydrolysate
Fig. 2A shows that the highest total phenol content was 

observed for the hydrolysate prepared using 1 wt% 
protamax and an incubation time of 4 h (24.16 μg/mL; 
p < 0.01). At an enzyme loading of 1 wt% and constant 
incubation time, the total phenol content decreased in the 
order of protamax > flavourzyme > alcalase. However, no 
significant differences between enzymes were observed 
at loadings of 3 wt% (Fig. 2B). In all cases, the total 
phenol content exceeded 19 μg/mL. Thus, the above results 
indicate that protamax-catalyzed hydrolysis was the most 
efficient in this particular study.

Total flavonoid content of brown teff hydrolysate 
The total flavonoid content of teff hydrolysates showed 

a variation trend similar to that of total phenol content 
and was 30.35 ~ 69.18 μg/mL, with the highest value in 
the case of 4 h 1 wt% protamax treatment (Fig. 3A, 

p < 0.01). Notably, incubation with 3 wt% alcalase for 
1 h and 2 h significantly increased the total flavonoid 
content of brown teff hydrolysate, as shown in Fig. 3B 
(p < 0.05, p < 0.01, respectively). Thus, as in the case of 
total phenol content, protamax was concluded to be the 
most efficient enzyme for teff hydrolysis, and brown teff 
hydrolysates were concluded to exhibit significant 
antioxidant activity.

DPPH activity of brown teff hydrolysate
The antioxidant activities of teff hydrolysates were 

further studied based on DPPH scavenging activity, TAC, 
and FRAP assays. Both 1 and 3 wt% alcalase treatments 
significantly increased the DPPH scavenging activity of 
brown teff hydrolysate compared to protamax and flavour-
zyme treatment (p < 0.01, p < 0.0001). At an enzyme 
loading of 1 wt%, the DPPH scavenging activity of 
hydrolysates decreased in the order of alcalase > 
flavourzyme > protamax (Fig. 4A), while the highest DPPH 
scavenging activity (74.08%, p < 0.0001) was observed 
for 1 h incubation with 3 wt% alcalase (Fig. 4B).
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(A)

  

(B)

Fig. 4. DPPH radical scavenging activities of brown teff hydrolysates produced by (A) 1 wt% and (B) 3 wt% treatment with protamax (P), 
flavourzyme (F), and alcalase (A). NS: not significantly different; * p < 0.05, ** p < 0.01, *** p < 0.001.

(A)

  

(B)

Fig. 5. Total antioxidant capacity values of brown teff hydrolysates produced by (A) 1 wt% and (B) 3 wt% treatment with protamax (P), 
flavourzyme (F), and alcalase (A). NS: not significantly different; * p < 0.05, ** p < 0.01, *** p < 0.001.

(A)

  

(B)

Fig. 6. Ferrous reducing antioxidant power values of brown teff hydrolysates produced by (A) 1 wt% and (B) 3 wt% treatment with protamax 
(P), flavourzyme (F), and alcalase (A). NS: not significantly different; * p < 0.05, ** p < 0.01.

TAC activity of brown teff hydrolysate
As shown in Fig. 5A, the highest TAC values were 

observed for the hydrolysate prepared by 1 h incubation 
with 1 wt% protamax (6,447.14 nM; p < 0.01). Incubation 
with 3 wt% protamax for 2 h significantly increased the 
TAC values of brown teff hydrolysate (Fig. 5B, p < 0.0001). 
All TAC values exceeded 4,000 nM.

FRAP activity of brown teff hydrolysate
Fig. 6 shows the FRAP values of brown teff hydrolysates, 

revealing that both 1 and 3 wt% flavourzyme treatments 
resulted in elevated FRAP values (p < 0.01 and p < 0.05, 
respectively). Notably, high FRAP values were observed 
in all protease treatment groups, with a maximum value 
of 1,809.36 μM observed for 4 h incubation with 3 wt% 
alcalase. The above FRAP value was similar to that observed 
for 2 h incubation with 1 wt% flavourzyme (1,805.43 μM). 
Taken together, the results of the above assays indicate 
that the antioxidant activity of brown teff hydrolysate 
depends on the type of protease and quantitation method. 
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Discussion

The recent popularization of teff as a functional grain 
has resulted in numerous investigations and inspired the 
development of various recipes for its preparation. In 
particular, the present study was performed to characterize 
the functional properties of brown teff, especially its 
antioxidant activity.

As commented on previously, protamax, flavourzyme, 
and alcalase are widely used in the food industry to improve 
the functional, nutritional and flavoring properties of 
proteins. Protamax and flavourzyme are mixtures of endo- 
and exopeptidases, and derived from Bacillus sp. and 
Aspergillus oryzae, respectively. Endopeptidases break 
peptide bonds of nonterminal amino acids, while exopep-
tidases break those of terminal amino acids such as amino 
and carboxyl residues. As an endopeptidase, alcalase is 
specifically produced by Bacillus licheniformis.19 These 
proteases react under neutral or slightly acidic conditions20 
and the properties and functionalities of hydrolysates may 
vary depending on the characteristics of their proteases. 
Therefore, the choice of the most efficient protease for 
a specific food application is important.

Mineral composition analysis revealed that teff was 
particularly rich in P, K, Mg, and Ca, which is in agreement 
with the results of Forsido et al., who reported that teff, 
wheat, corn, and tapioca are rich in P, Mg, Mn, and Cu.10 
Subsequently, brown teff was hydrolyzed with different 
proteases (protamax, flavourzyme, and alcalase) under 
different conditions, and the obtained hydrolysates were 
characterized in terms of antioxidant activity. The color 
and yield of these hydrolysates were slightly dependent 
on protease identity. Although the chosen proteases have 
been intensively used in the field of food chemistry, protease 
treatment has not yet been applied to teff.21-25 For instance, 
Uraipong et al. hydrolyzed rice bran using four proteases 
(protamax, flavourzyme, alcalase, and neutrase) to 
investigate its beneficial health effects, revealing that the 
fractionated hydrolysate featured α-amylase and α
-glucosidase inhibitory activities.21 In another study, Noh 
et al. investigated the products of red crab (Chionoecetes 
japonicus) shell powder hydrolysis by commercial 
proteases (protamax, flavourzyme, alcalase, neutrase, 
protease A, and protease M) to determine their soluble 
protein contents and amino acid concentrations.22 Taken 
together, the proper utilization of proteases is known to 

enhance the functional activity of food.
Total phenol content represents the content of various 

phenolic compounds such as gallic acid, chlorogenic acid, 
epicatechin, rutin, naringin, and quercetin, which are all 
known to exhibit powerful antioxidant activity.26 Hence, 
the total phenol content of brown teff hydrolysates was 
measured in this study. On average, the total phenol content 
of brown teff hydrolysate slightly exceeded 19 μg/mL, 
with the highest value of 24.16 μg/mL observed in 1 wt% 
protamax incubation for 4 h. In another study, the total 
phenol content, phenolic profile, and antioxidant activity 
were shown to be affected by the heating method (i.e., 
water cooker, rice cooker, or sous-vide),27 implying that 
appropriate treatment of white or brown teff can result 
in an increased total phenol content and/or antioxidant 
activity.

Total flavonoid (flavone, flavonol, and tannin) content 
is also involved in antioxidant activity, since flavonoids 
are known to act as antioxidants both in vitro and in vivo.28,29 
In the present study, the maximum total flavonoid content 
(69.08 μg/mL) was observed in 1 wt% protamax incubation 
for 4 h. Based on the total phenol and flavonoid contents 
of brown teff hydrolysates, they were expected to exhibit 
potent antioxidant activity. However, total phenol and 
flavonoid content of brown teff hydrolysate showed 
different results at different time points according to the 
protease used. These results might be due to the different 
compositions of phenolic components and flavonoid 
components depending on the protease type, concentration, 
and incubation time. In future studies, phenolic and 
flavonoid components should be studied simultaneously. 

The antioxidant activities of brown teff hydrolysates were 
determined by DPPH, TAC, and FRAP assays, which 
afforded different results. In particular, the lowest DPPH 
radical scavenging activity30,31 was observed in the case 
of 2 h incubation with 1 wt% protamax, while the highest 
activity was observed for 1 h incubation with 3 wt% 
alcalase. Similarly to the DPPH assay, the TAC assay 
also determines free radical scavenging activity. However, 
the results of the TAC assay were different from those 
of the DPPH assay. Protamax-catalyzed hydrolysis 
significantly increased the TAC value of brown teff 
hydrolysate, whereas much lower activities were observed 
when flavourzyme and alcalase were used. Thus, the results 
of the TAC assay implied that the antioxidant activity 
of brown teff can be increased by protamax-catalyzed 
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hydrolysis and were in agreement with the results of total 
phenol and flavonoid content analyses. The correlation 
between total phenol and TAC values were only positive 
in the case of 1 wt% protamax treatment, whereas positive 
correlation was present for 3 wt% protamax treatment. 
Although the correlation was not large, antioxidant activity 
of brown teff hydrolysate was strongly revealed in this 
study.

Lastly, FRAP assay is a method of measuring the 
antioxidant activity of a sample based on its reducing power. 
High FRAP values were observed in all brown teff 
hydrolysates, with the maximum being in the case of 
flavourzyme treatment. Antioxidant activity of brown teff 
hydrolysate was found in all treatment groups, but differed 
depending on protease type and assay method. Taken 
together, the addition of brown teff hydrolysate is expected 
to improve the quality and functionality of kimchi.

Summary

Brown teff was hydrolyzed using different proteases 
(protamax, flavourzyme, and alcalase), protease loadings 
(1 and 3 wt%), and incubation times (1, 2, and 4 h), with 
the highest total phenol and flavonoid contents observed 
in the case of 1 wt% protamax treatment. Notably, the 
antioxidant activities of brown teff hydrolysate were 
slightly different according to the antioxidant assay method. 
Taken together, brown teff has high potential as a food 
supplement with potent antioxidant activity. These results 
suggest the addition of teff hydrolysate to kimchi could 
enhance the health functionality and quality of kimchi, 
leading to increased consumer acceptability of kimchi.
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