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Abstract

Food enzymes have been widely applied to diverse foods as processing aids to catalyze specific biochemical reac-
tions and they are generally inactivated during the manufacturing process. However, metabolic and fermentation
products in the process of enzyme production by microorganisms can cause toxicological responses. In this study,
the cytotoxicity of seven food enzymes most frequently applied to processed foods in South Korea was evaluated
in terms of cell viability inhibition, lactate dehydrogenase (LDH) release, reactive oxygen species (ROS) genera-
tion, and B-hexosaminidase release at their maximum usage levels. The results demonstrate that all food enzymes
tested did not inhibit cell proliferation and viability nor affect membrane integrity. Some native food enzymes
induced reactive oxygen species and p-hexosaminidase release, which was not found by inactivated food enzymes,
suggesting that inactivated food enzymes that remained in processed foods do not exhibit cytotoxicity. These find-
ings will provide basic information about the potential toxicity of food enzymes and be useful for further in vivo

toxicity studies.
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MZEE Malf & AfE A™

A EAL L APE AJE-S water-soluble tetrazolium salt-1
(WST-1; Roche, Basel, Switzerland)2 ©]-&3}e] #7135}
=4, 7+ 244 ZA 9] S33 =71 440 nmol| A Al el
I L3 A FEo R SN wWiEolth. Caco-2 Al
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A7rste] 6A17F F<t vt WST-1 Al F 10 pLs 7+
ZF A7Vl 4M7E F)F vl F 440 nmol M SE =S
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San Jose, CA, USA)E ©]-&-3to] 73Tt
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Table 1. Establishment of the highest concentration of seven kinds of food enzyme for cytotoxicity study

Natural Oricin Numbers of  Frequently Maximum  Frequently Daily  The highest
food additives (form an dgcount ) food added food  usagelevels added food intakes concentrations
y products” products” (%)" groups?  (g/day)’  (ug/mL)
SM-1: Aspergillus kawachii (white koji, flour,
domestic)
Seed malt  SM-2: Aspergillus oryzae (yellow koji, flour, .
(SM-1-SM-3) domestic) 2,745 Pastes 5.0 Seasonings 27.0 1,000.0
SM-3: Aspergillus awamori (black koji, flour,
domestic)
P-1: Aspergillus oryzae (flour, foreign)
gf_‘ffff‘;) P-2: Bacillus licheniformis (liquid, foreign) 925 Sources 0.5 Seasonings 2.4 121.0
P-3: Papain (flour, domestic)
K-1: Aspergillus oryzae (flour, domestic)
(K-I?SJIzS) K-2: Aspergillus oryzae (grain, domestic) 783 Traditional liquors 9.0 Liquor products  116.6 1,000.0
K-3: Aspergillus spp. (grain, foreign)
. . . . . Breads, Grains and
o-amylase  Bacillus amyloliquefaciens (liquid, foreign) 775 Grains-processed 1.0 products thercof 66.4 1,000.0
Traqs- Strep toverticillium mobaraense (flour, 309 Fish cakes 04 Marine products 5.3 229.6
glutaminase foreign)
. R . Beer, Grains and
Cellulase  Trichoderma reesei (liquid, foreign) 160 Grains-processed 0.2 products thereof 18.6 3714
. . - . Grains-processed, Grains and
Glucoamylase Aspergillus niger (liquid, foreign) 81 Liquors 18 products thereof 18.6 1,000.0

YInvestigation based on Items Manufacturing Report (1960-2019) and Import Declaration (2017-2019)
IClassification according to the Korea National Health and Nutrition Examination Survey (2017)
9Daily intakes were based on an average body weight of 60.73 kg according to the Korea National Health and Nutrition Examination Survey (2017)
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aaA o Mlxvr &3S CytoTox 96 Non-Radio-
active Cytotoxicity assay (Promega, Madison, WI, USA)
£ o]&sto] MlxEut &gl whet v o ® FEH B
24§ Ax(lactate dehydrogenase LDH) °k% = 3’3}
I8ttt Caco-2 Al k3l
7t A2AE FEEE 6"]7L et A F £ /‘*:]—E"E]
of AE wjgd FFAE EAl o] &at &, 35
50 pLoll substrate mixture 50 pL-& 3 7}Fstal 30&7F Wt
SA1Z1 # stop solution 50 pLZ ¥H$-S FFAIZ] F 490
nmol A FFE=E =431 th(SpectraMax® M3, Molecular
Devices).
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S aA 9 AE A4~ (reactive  oxygen
species; ROS) A A== Alx=r F344 2',7-dichloro-
fluoroescein diacetate (H,DCFDA; Molecular Probes Inc.,
Eugene, OR, USA)E ©]|&3l] #4131t} Caco-2 A3
£ 1x10* cells/100 pLE ¥iFs 5, 7k 220418 w54
2 67 FF At
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phosphate buffered salineZ 23] M| &3 & 2'7-dichloro-
fluorescein (DCF) 3332 excitation 485 nm<2} emission 535
nmOl A &7 3151 th(SpectraMax® M3, Molecular Devices).

REVS[E= U= o
HAA E g2} 3HE RBL-2H3 Al oA 3] 2ElRl =
%%QE B-hexosaminidase®] %2 vl el ol A
13F T RBL-2H3 A|3EE 3 x 10* cells/100
pLi 24/\] 7P vkt H, vl -2 modified-Tyrode’s buffer
(pH 7.3)2 HA 8t 147+ F<t vl 43t Tk Modified-
Tyrode’s buffer 22732 119 mM NaCl (Sigma-Aldrich Co.
Ltd., St. Louis, MO, USA), 4.74 mM KCIl (Ducksan Pure
Chemical Co., Ltd, Ansan, Korea), 2.54 mM CaCl, (Ducksan
Pure Chemical Co. Ltd.), 1.19 mM KH,PO, (Sigma-Aldrich
Co. Ltd.), 10 mM HEPES (N-(2-hydroxyethyl) piperazine-
N’-(2-ethanesulfonic acid), 4-(2-hydroxyethyl) piperazine-1-
ethanesulfonic acid, Sigma-Aldrich, Co. Ltd.), 5 mM glucose
(Sigma-Aldrich, Co. Ltd.), 0.1% (w/v) bovine serum albumin
(Sigma-Aldrich, Co. Ltd.)°]t}. st 9] G444 =
U HEFSZA compound 48/80 (C48/80, 1 mg/mL,
Sigma-Aldrich, Co. Ltd.)2 2|3t & 30&7F v dslsich.
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S HF7] A8 1027F Dol WA+, 50 ple
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(1 mM  p-nitrophenyl-B-acetyl-glucosaminide, pH 4.5,
Sigma-Aldrich Co. Ltd.)& &&3te] 1417+ &<t 37°Co
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plate reader (SpectraMax® M3, Molecular Devices)E ©|-&
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3 100 uLe] 1% (v/v) Triton X-100 (Sigma-Aldrich Co.
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S 31Ho ™, SAS X Z T3 (version 9.4, SAS Institute,
Inc., Cary, NC, USA)Z ©]-&3}4 one-way ANOVA 4
skl Al tl23e] feldS
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ole} o] Hu AMgFH dLHFAF 7V =EH S
%M 53 100 mLS AEfste] AR NEAY FHA &
+ Table 13 2o} o, AAE AEAY FHi w27t
1,000 pgmLe 238 AS, 55 A 9 false
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R R
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Fig. 1. Effect of 7 kinds of food additive enzymes in (A) native
and (B) inactivated forms on cell proliferation of Caco-2 cells.
Two-fold serial dilutions from the highest concentrations were
carried out for each enzyme. The highest concentrations of natural
food additive enzymes were presented in Table 1. No significant
differences were found among enzymes-treated samples and
untreated control cells (p>0.05).
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Fig. 2. Effect of 7 kinds of food additive enzymes in (A) native
and (B) inactivated forms on LDH release from Caco-2 cells.
LDH release was performed at 5 concentrations by two-fold serial
dilutions from the highest concentration as shown in Table 1. No
significant differences were found among enzymes-treated samples
and untreated control cells (p > 0.05).
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ik olygl sl aEb ' 3y Al 3 A E vt s 2575
= 2224 wjFN oA B-hexosaminidase T4 =42
2 #go] ARE o]&= F AUTH(Choi., 2002). FFH=
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oAl 15 (=F°]4)2] native & 2247} B-hexosaminidaseZ
Er oZzANoZ AX uloz 827 Aoz BAEY
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Fig. 3. Effect of 7 kinds of food additive enzymes in (A) native
and (B) inactivated forms on intracellular ROS generation in
Caco-2 cells. Two-fold serial dilutions from the highest concentra—
tions were carried out for each enzyme. The highest concentrations
of natural food additive enzymes were presented in Table 1.
Different lowercase letters (a, b, ¢, d, and e) indicate significant
differences among enzymes-treated samples and untreated control
cells (p<0.05).
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Fig. 4. Effect of 7 kinds of food additive enzymes in (A) native
and (B) inactivated forms on P-hexosaminidase release from
RBL-2H3 cells. B-hexosaminidase release was performed at 6
concentrations by two-fold serial dilutions from the highest con—
centration as shown in Table 1. Different lowercase letters (a, b, c,
d, e, and f) indicate significant differences among enzymes-treated
samples and untreated control cells (p<0.05).
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