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ABSTRACT - In order to extend the shelf life of Wasabi paste, the effects of citric acid were confirmed at 35°C for 28
days. Citric acid-treated groups contained citric acid in amounts of 0.05, 0.10, 0.17, 0.30, and 0.40%, respectively. Quality char-
acteristics of Wasabi pastes were determined in pH, titratable acidity, soluble solid content, color values, microbial analysis (aer-
obic bacteria, yeast), gas production, and content of allyl isothiocyanate. The pH and titratable acidities of Wasabi pastes added
with citric acid were indicated as 4.03-5.19 and 4.23-4.82%, respectively. Soluble solid content was significantly different
according to concentrations of citric acid. L values showed the highest at 50.05+0.46. a and b values were increased during the
storage period. Total aerobic bacteria and yeast counts of Wasabi pastes were decreased in a dose-dependent manner. Gas pro-
duction from Wasabi pastes showed at 19.55-19.80 mL/tube after 28 days of storage. The addition of citric acid (0.3% or more)

to the Wasabi paste resulted in increased storage stability.
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Table 1. Experimental design for shelf-life extension of Wasabi
paste

Ingredients Mixing ratio (%, w/w)

Wasabi 52.00
Horseradish 22.00
Cyclodextrin 6.70

(CELDEX TB-50, CYDEX-S)
Allyl isothiocyanate 0.30
Xanthan gum 0.02
Citric acid 0.17
Salt 2.68
Synthetic food dye
(Food Yellow No.4, 0.56
Food Blue No.1)
Water 15.57
Total 100.00
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Fig. 1. pH of Wasabi pastes added with citric acid of different
concentration. For each parameter and for each storage period,
mean values followed by different capital letters (A-C) indicate
significant (P<0.05) differences as a result of concentration of cit-
ric acid (CA). For each parameter and for each concentration of
citric acid, mean values followed by different low-case letters (a-
d) denote significant (P<0.05) differences as a result of the stor-
age period.
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Fig. 2. Titratable acidities of Wasabi pastes added with citric acid
of different concentration. For each parameter and for each stor-
age period, mean values followed by different capital letters (A-
C) indicate significant (P<0.05) differences as a result of concen-
tration of citric acid (CA). For each parameter and for each con-
centration of citric acid, mean values followed by different low-
case letters (a-d) denote significant (P<0.05) differences as a
result of the storage period.
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Fig. 3. Soluble solid contents of Wasabi pastes added with citric
acid of different concentration. For each parameter and for each
storage period, mean values followed by different capital letters
(A-C) indicate significant (P<0.05) differences as a result of con-
centration of citric acid (CA). For each parameter and for each
concentration of citric acid, mean values followed by different
low-case letters (a-d) denote significant (P<0.05) differences as a
result of the storage period.
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Fig. 4. Color of Wasabi pastes added with citric acid of different con-
centration. For each parameter and for each storage period, mean val-
ues followed by different capital letters (A-C) indicate significant
(P<0.05) differences as a result of concentration of citric acid (CA).
For each parameter and for each concentration of citric acid, mean val-
ues followed by different low-case letters (a-d) denote significant
(P<0.05) differences as a result of the storage period.
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Fig. 5. Viable cell counts of aerobic bacteria in Wasabi pastes
added with citric acid (CA) of different concentration.
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Fig. 6. Viable cell counts of yeast in Wasabi pastes added with
citric acid (CA) of different concentration.
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Fig. 7. Gas production of Wasabi pastes added with citric acid
(CA) of different concentration.



300
3 —e— CAD.05% —— CAD.10% —a— CAD.17%
= 250 } —=—CA0.30% —%— CAD.40%
>
3 200 }
£ B
8S 1o}
2= * *
Egmwe L,
S g h‘h‘)é_—_\i *
3 50 -k
[ I S Y
o
5]
= 0 . , .
© 0 7 14 21 28

Storage period (days)

Fig. 8. Contents of allyl isothiocyanate of Wasabi pastes added
with citric acid (CA) of different concentration.

Aghete] AFHIEAZA AITCO AR&o] 5|7k o] A
AITCe] 48et P52 PAE] fi7l8 ML=
A @R =, 372 AITCOl e -NCS(isothiocyanate)

7} D}uﬂ;ﬂ o] _SH7)¢} ubeslel Tz B2 2843}
A7 DNA7} £450] AeEe zH=Tpio),

FANES FEHEE FHUbete] AT Ao A Fe
allyl isothiocyanate $H2 Fig. 89 YERNATE AITC &
F> A7 717ko] ATl wt ade S UER
R A% T FIFERE AITC o] 2443k
th Ak FEEFe]l M =2 CA 0.40% Aol A
A 2719 A 28U Foll Zhzb 45.62+12.78 mg/100 g,
29.72+0.58 mg/100 g= 7Fg WA YERT) o]= Park 5"
o] AFoA] o] k) Hjo]AES £ AITC
S Myt gaskes A fA A4S b}EM £i=
A A T wE AITCEH ZAe sinigrine] &
Adolde] oA AITCE AdEw, Be pH ZZ 004
ally cyanideZ Aol 818l Park 579 W83} AR
Azetar & Aok 3 Choi 5770 757157 Al
Lol zgo] Wolo] Fuby IR AE B AR
FEo| A TS AR AFolA frlke] IR
A QR AEE AN Aert 525 o 89
7} Athe W3 dX et AAE BT mEtA
AALS H7tete e AITCY ol 93-S mxes AS
& AT FAL Hl WE AITCO e H4A
2822 mg/100 gollAl Zth 175.87 mg/100 g2 2 el
Wlom, o= Lee 572V Al ofAlH] Fo]2E A|F9
AITC & 24.07~159.76 mg/100 g2 ¥ 99t GAlshH, =2
9] o]s}eha EA 3 & xpolE HolA| grof A Htel
e AEste] & 9T jls AoE AztEn

0L BA=E

B e

B2
=
=

Q)

Shelf Life Extension of Wasabi Paste Products 359

HE Hrbstar A717be] wE o]stehz 9 mAl =gt
57, 7t 2 oally isothiocyanate 3 W SHE
Attt oRAtH] Fo]2E Q] pHE FAAF M b w
2} Ao m, CA 0.4%A 2] FollA 4.34+0.012 713
A et A7 9 9RAb] Ho]2E ] pHeE
4.01-5.192F0]| 2 YERT) FA4ke st A 7d71A] #
o)A Ql Apo|7F YEPA] ko™ AA 149 o] & 1A}
Atk oAH] Hol2E Q] JHed I F R TR AL A
7hel wEt Sketl o, 4717kl wE oA Aol
2 Holx &3 A 28YU F 25.60-29.50 °Brix® L}EFst
th AZ717ke] w2 ofAR] Ho]|AEQ] LS A4S
o, aptd bk SUFke B3-S vERNTh dubAle
Fe A7k Bl wel hadhe A4S UER
om, A% 7] 2.56+0.09~4.87+0.17 log CFU/goll X A
2219 ¥ CA 030%2F CA 0.40% 2] Tl A LwkA|
o] AEHA &t are A dwtAlFe] o} vt
A Z A7 wet Hashs 3EE JERleH,
CA 0.30%%} CA 0.40%°] 735 A 2715E 28Y7HA
AZEA] FATE. o224 AR] o] 2Ed] At 0.30%
o] A7tk PAES] o] A EE AE EAT
AATE 7B T 219 A & 7k wARe] S
o] 7 AA YElgow, A% 2801 % 19.55-19.80 mL/
wbeR e, A HelEe] mE o4 »}E}
R 9kt Allyl 1sothlocyanate stk 1Ak 28] F
oF A7) 7ke] mEt 7HAE e m, CA 0.40% RJEHLOHH
A 2719 289 T ZHZb 45.62+12.78 mg/100 g2t
29.7240.58 mg/100 g= 7H¢ A SR = Ak A+ 23
9AH] Ho]2~Eo| T 0.30%E H7ske] Az Al

_XIN' &K

A
A4 Y EHE AL 9o, o2 Fate] sha) 3]
AAES FERE A TN A EAE A2 5 3

References

1. Kim, S.J., Lee, M. K., Back, S.S., Chun, B.S.: Extraction
and identification of volatile isothiocyanates from wasabi
using supercritical carbon dioxide. Korean J. Biotechnol.
Bioeng. 22, 174-178 (2007).

2. Sultana, T., Savage, G.P., McNeil, D.L., Porter, N.G,
Martin, R.J., Deo, B.: Effects of fertilisation on the allyl
isothiocyanate profile of above-ground tissues of New
Zealand-grown wasabi. J. Sci. Food Agric. 82, 1477-
1482 (2002).

3. Yoshida, J., Nomura, S., Nishizawa, N., Ito, Y., Kimura,
K.: Glycogen synthase kinases-34 inhibition of 6-
(methylsulfinyl) hexyl isothiocyanate derived from
wasabi (Wasabia japonica Matsum). Biosci. Biotechnol.
Biochem. 75, 136-139 (2011).

4. Sung, S.Y,, Sin, L.T., Tee, T.T., Bee, S.T., Rahmat, A.R.,



360 Eun-Jeong Jeong et al.

10.

11.

12.

13.

14.

15.

16.

17.

Rahman, W.A., Tan, A.C., Vikhraman, M.: Antimicrobial
agents for food packaging applications. Trends in Food
Sci. Technol. 33, 110-123 (2013).

. Kim, Y.S., Ahn, E.S., Shin, D.H.: Extension of shelf life

by treatment with allyl isothiocyanate in combination
with acetic acid on cooked rice. J. Food. Sci. 67, 274-
279 (2002).

. Chang, S.K., Lee, HH., Hong, S.I., Han, Y.S.: Effect of

organic acid treatment on the quality attributes of
buckwheat sprout during storage. Korean J. Food Sci.
Technol. 42, 190-197 (2010).

. Kim, K.S., Han, C.W., Joung, K.H., Lee, S.K., Kim,

AlJ., Park, WJ.: Quality characteristics of rice noodles
with organic acid and thickening agents. J. Academia-
Ind. Technol. 10, 1148-1156 (2009).

. Nha, Y.A., Ryu, Y.K.: Stabilization of chopped garlic

quality by the addition of natural preservatives. J. East
Asian Soc. Dietary Life. 10, 107-115 (2000).

. Hong, JH., An, S.H., Park, G.S., Choi, S.W., Rhee, S.J.:

Quality characteristics of mulberry fruit Seolgidduk
added with citric acid. Korean J. Soc. Food Cookery
Sci. 19, 777-782 (2003).

Lim, H.J., Park, S.K., Kim, B.K., Lee, WK., Min, J.K., Cho,
Y.J.: Changes in the quality characteristics of autoclaving on
salmon frame with citric acid pretreatment. JEMSE. 27, 973-
980 (2015).

Mok, C.K.: Suppression of browning of green tea by
extraction with organic acids. Food Eng. Progr. 6,215-221
(2002).

Bibiana, G.S., Santiago, P., Aubourg, P.C.M., Jorge, B.V..:
Extension of the shelf life of chilled hake (Merluccius mer-
luccius) by a novel icing medium containing natural organic
acids. Food Cont. 34, 356-363 (2013).

Yang, S.T.: Preparation of instant seasoned Wasabi and shelf-
life extension of its product. Kyungsung Univ. Bull. 22, 445-
453 (2001).

Kim, 1.J., Lee, J.K., Pack, M.H., Shon, D.H.: Preparation
method of meju by three step fermentation. Korean J. Food
Sci. Technol. 34, 536-539 (2002).

Sadler, G.O.: Titratable acidity. In Introduction to the Chem-
ical Analysis of Foods, Ed. (Nielsen, S.S.). James and Bart-
lett Publisher, London, UK, pp. 83-94 (1994).

Ministry of Food and Drug Safety. 2018. Korea Food Code.
Munyoungsa, Seoul, Korea, pp. 456-467.

Oh, J.Y., Kim, Y.S., Shin, D.H.: Changes in microorganisms
and enzyme activities of low-salted Kochujang added with
horseradish powder during fermentation. Korean J. Food
Sci. Technol. 37, 463-467 (2005).

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Lee, M.S., Chung, M.S.: Analysis of volatile flavor compo-
nents from Zanthoxylun schinifolium and sensory evaluation
as natural spice. Korean J. Soc. Food Sci. 16, 216-220
(2000).

SAS Institute, Inc. 1990. SAS User Guide. ver. 6, Statistical
Analysis Systems Institute, Cary, NC, USA.

Shin, T.S., Lee, K.W., Kim, S.K., Kang, H.S., Cho, B.W.:
Influence of citric acid addition on the qualities of pidan
during cold storage. J. lor. Dev. Inst. 6, 1-5 (2002).

Lee, H.K., Kim, D.H., Kim, Y.S.: Quality characteristics and
allyl isothiocyanate contents of commercial wasabi paste
products. J. Food Hyg. Saf. 31, 426-431 (2016).
Cherrington, C.A., Himton, N., Mead, G.C., Chopras I.:
Organic acids: Chemistry, antibacterial activity and practical
application. Advan. Microbial physiol. 32, 87-108 (1991).
Poli, G, Biondi, P.A., Uberti, F., Ponti, W., Balsari, A., Can-
toni, C.: Virucidal activity of organic acids. Food Chem. 4,
250-258 (1979).

Shin, D.H., Ahn, E.Y., Kim, Y.S., Oh, J.Y.: Fermentation
characteristics of Kochujang containing horseradish or mus-
tard. Korean J. Food Sci. Technol. 32, 1350-1357 (2000).
Park, Y.Y., Cho, M.S., Park, S., Lee, Y.D., Jeong, B.R,,
Chung, J.B.: Sinigrin contents in different tissues of Wasabi
and antimicrobial activity of their water extracts. Kor. J.
Hort. Sci. Technol. 24, 480-487 (2006).

Cho, Y.S., Park, S.K., Chun, S.S., Park, J.R.: Analysis of iso-
thiocyanates in Dolsan leaf mustard (Brassica juncea).
Korean J. Diet. Cult. 8, 147-151 (1993).

Kim, Y.S., Kyung, K.H., Kim, Y.S.: Inhibition of soy sauce
film yeast by allyl isothiocyanate and horse-radish powder.
Korean J. Food & Nutr. 13, 263-268 (2000).

Wu, H., Zhang, GA., Zeng, S., Lin, K.C.: Extraction of allyl
isothiocyanate from horseradish (Armoracia rusticana) and
its fumigant insecticidal activity on four stored-product pests
of paddy. Pest Manag. Sci. 65, 1003-1008 (2009).

Ahn, E.S., Kim, J.H., Shin, D.H.: Antimicrobial effects of
allyl isothiocyanates on several microorganisms. Korean J.
Food Sci. Technol. 31, 206-211 (1999).

Banerjee, A., Penna, S., Variyar, P.S.: Allyl isothiocyanate
enhances shelf life of minimally processed shredded cab-
bage. Food Chem. 183, 265-272 (2015).

Park, W.K., Yoon, J.H., Choi, C.U.: Effects of ascorbic acid
and citric acid on pungency and color of commercial horse-
radish powder. J. Korean Soc. Food Nutr. 21, 171-174
(1992).

Choi, H.S., Lee, M.S.: The effect of dispersion medium on
intensity of volatile flavor components and recovery of
essential oil from Capsella Bursa-pastoris by steam distilla-
tion. Korean J. Food Sci. Technol. 28, 827-833 (1996).



