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Abstract

The microbial composition in Nuruk, a Korean cereal fermentation starter, is a critical factor for the quality and
organoleptic properties of traditional alcoholic beverages. This study was aimed at monitoring the compositional
change and enzyme activity of culturable lactic acid bacteria (LAB) in two types of Nuruk fermented at different
temperatures. All culturable LAB were isolated at various time points (0, 3, 6, 10, 20, and 30 days) and identified
by 16S RNA sequencing. In traditional Nuruk type A (TN-A), which was fermented at 36 C, the population of
total culturable LAB during the fermentation period was between 10* and 10° log CFU/mL. On the other hand,
the LAB population in traditional Nuruk type B (TN-B) fermented at 45°C (primary fermentation for 10 days)
and 35C (secondary fermentation for 20 days) was 10° log CFU/mL; however, these bacteria could not be detected
after 6 days. Major LAB strains were identified in both Nuruk types: (1) from the MRS-culture of TN-A, Pediococcus
pentosaceus at 3-30 days; (2) from MRS-culture of TN-B, P. pentosaceus at 3 days and Enterococcus hirae at
6 days. The protease activities of the dominant LAB isolated from the TN-A and TN-B cultures were within the
ranges of 0.64~1.03 mg/mL and 0.74~0.81 mg/mL (tyrosine content), respectively, whereas the a-amylase activities
were 0.75~0.98 mg/mL and 0.78~0.79 mg/mL (amylose content), respectively.
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Fig. 1. The total number of culturable lactic acid bacteria in Nuruk
during fermentation.

-B-, Nuruk type A (TN-A) fermented at 36°C for 30 days; -®-, Abruk type B (TN-B)
fermented at 45°C (primary fermentation for 10 days) and 35°C (secondary fermentation
for 20 days).
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Fig. 2. Change in the composition of culturable lactic acid bacteria
in Nuruk during fermentation period.

A, Nuruk type A (TN-A) fermented at 36°C for 30 days; B, Muruk type B (TN-B)
fermented at 45°C (primary fermentation for 10 days) and 35°C (secondary fermentation
for 20 days).
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Table 1. Identification of the isolated lactic acid bacteria from Nuruk based on the 16S rRNA sequence

Types Days Species Identities (%)  Sequence length (bp) Sequence ID
Lactobacillus brevis 100 1419 gblKF057958.1
Lactobacillus curvatus 100 1435 dbj|AB494734.1
i Lactobacillus sakei 100 1435 gblKC416998.1|
Unfermentaion MNuruk 0 . .
Leuconostoc citreum 9 1416 dbj|AB681815.1
Pedioicoccus acidilactic 9 1449 gblGQ421474.1)
Enterococcus avium 9 1415 dbj|AB932523.]
Pedioicoccus acidilactici 100 1443 ¢b|GQ421474.1|
Pediiococcus pentosaceus 100 1449 gb|KF245565.1|
3 Enterococcus faecium 100 1428 gblJQU67694.1|
Lactobacillus saket 100 1436 gblKC416998.1|
A Lactobacillus curvatus 100 1438 dbj|AB494734.1|
. 6 Pediiococcus pentosaceus 100 1442 gblJX477168.1|
Fermentation Nuruk .
10 Pediococcus pentosaceus 100 1445 gblJX477168.1|
20 Pediococcus pentosaceus 100 1448 gblIX477168.1|
20 Pedioicoccus acidilactict 9 1443 dbj|AB680261. 1|
Pediococcus pentosaceus 100 1443 gblIX232607.1
B 3 Pediococcus pentosaceus 100 1446 gblIX477168.1|
6 Enterococcus hirae 9 1429 gb|KF183510.1|
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Fig. 3. Enzyme activities of lactic acid bacteria isolated from Nuruk
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A, protease activity of LAB isolated from Muruk type A (TN-A) fermented at 36°C for 30 days and Muruk type B (TN-B) fermented at 45°C (primary fermentation for 10
days) and 35°C (secondary fermentation for 20 days); B, a-amylase activity of LAB isolated from TN-A and TN-B; C, protease and a-amylase activities of LAB isolated
at fermentation time points from TN-A; D, protease and a-amylase activities of LAB isolated at fermentation time points from TN-B.
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