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The study investigated the seasonal and regional changes in the food components of raw laver Pyropia sp.. Samples
were obtained monthly from December 2017 to March 2018 at auction markets located in Gangseo-gu, Busan (Na-
kdong-raw laver), Seocheon-gun, Chungnam, Wando-gun, Jeonnam and Goheung-gun, Jeonnam. The general com-
ponents, heavy metals and minerals, free amino acids, total phenolic compounds (TPC), and antioxidant activities
of the samples were analyzed. No significant physicochemical changes in the moisture, crude lipid, and ash contents
were observed in the raw lavers tested. However, the crude protein content of Nakdong-raw laver was the highest
in December 2017 at 7.20+0.28% and the content was higher seasonally and regionally than those of the other raw
lavers. In addition, the taurine, zinc, manganese and TPC contents of Nakdong-raw laver was higher seasonally and
regionally than those of the other raw lavers. The ethanolic extract of Nakdong-raw laver also had higher antioxi-
dant activity, including as DPPH (2,2'-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis [3-ethylbenzothiazoline-
6-sulphonic acid]) radical scavenging activity, although there was no significant correlation between TPC and the
antioxidant activity. This study is the first analysis of seasonal and regional changes in the major food components of

raw laver cultivated in Korea.
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Table 1. Physicochemical contents of raw laver Pyropia sp. according to production region and season in Korea (December 2017-March

2018)
Region Month Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
December 86.09+£1.91% 7.20£0.282 0.15£0.022 4.10£0.042
January 86.65+0.01°¢ 6.08+0.132 0.13£0.01°¢ 3.77£0.01°
Gangseo-gu, Busan
February 86.480.17¢ 4.26x0.122 0.06+0.012 3.68£0.012
March 88.43+0.022 5.45+0.182 0.05£0.02° 2.9240.04°
December 86.8310.6 12 5.11£0.09° 0.16+0.022 3.36+0.15°
Seocheon-gun, January 89.05+0.122 3.9240.03¢ 0.12£0.00° 3.85+0.00°
Chungnam February 91.55+0.132 3.5140.06% 0.04£0.01° 3.24+0.09°
March 87.47+0.08° 3.8240.07° 0.06+0.00% 4.06+0.632
December 85.18+0.10° 4.6610.25° 0.17£0.012 3.14+0.06°
January 89.32+0.412 4.6610.13° 0.25£0.002 3.93+0.032
Wando-gun, Jeonnam
February 90.7610.23° 3.34+0.27° 0.06+0.02% 3.460.01°
March 86.83+0.60° 4.98+0.09° 0.06+0.012 3.59+0.00%
December 88.11+0.142 4.27+0.01° 0.10£0.01® 3.35£0.02°
January 88.211£0.51° 3.92+0.03¢ 0.16£0.01® 3.70+0.02¢
Goheung-gun, Jeonnam
February 89.16+0.32° 4.25+0.64° 0.08+0.012 3.50£0.01°
March 89.01+0.132 4.23£0.33° 0.08+0.002 3.71x0.042

*dMeans with different superscripts within each column indicate significant differences by Duncan's multiple range test (P<0.05).
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DPPH radical scavenging activity (%) =

Absorbance of control — absorbance of test

x 100
Absorbance of control

Table 2. Heavy metal and mineral content of raw laver Pyropia sp. according to production region and season in Korea (December

2017-March 2018)

(Unit: mg/100 g)

Region Month Mercury Cadmium Plumbum Selenium Manganese Zinc Nickel Iron
(Hg) (Cd) (Pb) (Se) (Mn) (Zn) (Ni) (Fe)
December 0.002+0.21° - - - 2.546x0.87¢ 5.607+0.212 - 9.136+0.11°
Gangseo-gu, January 0.002£0.112 - - - 2.95940.94° 6.275+0.19° - 10.750.24°
Busan February - 0.074£0.04° - - 3.3761£0.412  2.439+0.14° - 14.340.33°
March 0.001+0.097  0.194+0.09° - - 3.753£0.62° 3.961+0.31° - 9.03£0.51°¢
December 0.002+0.57° - - - 2.2280.37° 3.1190.24° - 13.51£0.672
Seocheon-gun, January 0.001£0.052 - - - 2.42410.52> 3.255+0.12° - 22.940.222
Chungnam February  0.001x0.34° 0.114+0.63° - - 3.0614£0.20° 2.559+0.11° - 20.16x0.172
March 0.001£0.332 0.118° - - 5.495+0.172  4.595£0.37° - 46.08+0.19°
December 0.001+0.27¢ 0.033x0.212 - - 1.476+0.14¢ 3.330+0.20° - 7.956£0.16°
Wando-gun, ~ January 0.001£0.372  0.066+0.112 - - 1.828+0.11¢ 4.503+0.11° - 7.743%0.11¢
Jeonnam February  0.001+0.24° - - - 2.1714£0.21¢ 3.087+0.31° - 17.17+0.12°
March 0.001+0.312  0.129+0.30° - 0.0620.112  2.659+0.31¢ 3.855+0.36° - 9.801£0.25°
December 0.001+0.67 0.032+0.17¢ - 0.113+0.09° 1.693+0.67° 2.774+0.24° - 7.19240.29¢
Goheung-gun, January 0.001£0.102 - - - 2.325+0.22> 2.432+0.14¢ - 11.734£0.37°
Jeonnam February ~ 0.001+0.71° - - - 1.772+0.172  2.2150.11° - 13.50+0.22°
March 0.0014£0.86% 0.294+0.312 - - 4.864+0.11° 6.090+0.09? - 22.3610.55°

'Not detected. **Means with different superscripts within each column indicate significant differences by Duncan's multiple range test

P<0.05).
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Table 3. Free amino acid content of raw laver Pyropia sp. according to production region and season in Korea (December 2017-March

2018)
(Unit: mg/100 g)
Free- Gangseo-gu, Busan Seocheon-gun, Chungnam Wando-gun, Jeonnam Goheung-gun, Jeonnam
amino-
acid Dec Jan Feb Mar Dec Jan Feb Mar Dec Jan Feb Mar Dec Jan Feb Mar
65.85 108.1 91.24 112.7 98.94 1316 55.84 39.58 71.31 53.67 79.8 109.8 6541 56.52 70.89 98.59
Taurine + + + + + + + + + + + + + + + +
0.05° 0.08" 0.24° 0.67° 0.88* 0.74° 0.77° 0.81° 0.66° 045" 0.51° 0.33° 021° 0.17° 0.91° 0.74°
- 1.819 1.732 1.662 2.976 1.929 2.848 1.276 2.373 2.296 1.559 2296 1.559 1.396 1.141 1.88 1.728
nreo- + + + + + + + + + + + + + + + +
nine 0.21° 0.31° 027° 024° 0.34° 026° 0.75° 0.88° 095 041° 0.56° 0.37° 024° 0.32° 044" 047°
2421 2147 2501 2.422 2744 2691 1.724 1.926 3.302 1.83 2973 1.454 1.769 1.938 3.233 1.992
Valine + + + + + + + + + + + + + + + +
0.33° 0.21° 0.54° 0.66° 0.29° 0.31° 0.25° 0.57° 0.44° 0.31° 0.19° 0.67° 0.36° 0.94° 0.74° 0.45°
Methio. 0-365 019 1216 033 176 0.5 0474 1.939 0.102 1.639 0.234 0.223 1.473 0.136
rethio-— 4 + + + + + + . + + + - + + + +
nine 0.33° 018 0.39° 036° 0.24° 0.57° 0.24° 029" 0.14° 0.25° 0.11° 0.24° 0.44° 0.56°
| 1.303 1.336 2.285 1.032 375 3.203 0.632 5897 3.226 0.778 3.405 3.035 0.84 0.853 3.005 1.332
lso'. + + + + + + + + + + + + + + + +
BUCIN®  n20° 025° 0.57° 0.24° 051° 0.36° 021° 048° 061° 057° 049° 0.11° 0.18° 027° 0.33° 0.01°
2499 1576 2.094 2.088 2.107 2.018 0.879 0.737 3.031 1.374 2.748 0.772 1.382 1.373 2.349 0.947
Leucine + + + + + + + + + + + + + + + +
0.27° 0.64° 0.74° 0.67° 0.47° 0.61° 0.78° 0.35° 0.16° 0.77° 0.64* 0.21° 0.64° 0.17° 0.22° 0.24°
phenyl. 1071 0.844 0.641 2.475 0.997 1471 0.342 1.115 1.782 0.607 0.473 1.05
| enyl- 4 + + A + + - - + + + + + + + -
aaniné g 41c 0.34° 0.44° 0.27° 0.37° 045° 0.33° 0.97° 0.77° 0.74° 046° 0.27°
1.072 0.835 0.855 1.155 0.811 1.466 0454 0.708 2.591 0.747 1.131 0.516 0.522 0.373 1.109 0.566
Lysine + + + + + + + + + + + + + + + +
0.14° 0.28° 0.14° 0.34° 0.18° 0.34° 0.44° 0.67° 045 0.74° 0.15° 0.33° 0.58° 0.65° 0.41° 0.54°
2997 2794 2117 1.915 2.017 0.959 2.086 4.041 1.773 3.734 2675 2.631 2.648
Arginine + + + - + + + + + + + - + + + -
0.31° 0.25° 0.21° 0.34° 051° 041° 063* 0.17*° 0.11° 0.34° 0.27° 0.31* 0.19°

'Not detected. ¢ Means with different superscripts within each column indicate significant differences by Duncan's multiple range test (P

<0.05).
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2016). & Aol A AR 4 2o A A7 B Ao
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Table 4. Total phenolic compound of raw laver Pyropia sp. ac-
cording to production region and season in Korea (December
2017-March 2018)

(Unit: mg GAE/100 g)

Region Month Total Phenolic compounds
December 237.25+0.042
Gangseo-gu, January 119.36+0.022
Busan February 72.300.02¢
March 61.40+0.04°
December 68.09+0.03¢
Seocheon-gun, January 59.42+0.03¢
Chungnam February 80.72+0.02°
March 59.92+0.01°
December 236.26+0.03°
Wando-gun, January 61.15+0.03¢
Jeonnam February 89.39+0.01°
March 59.92+0.02°
December 173.35+0.02°
Goheung-gun, January 84.4310.02°
Jeonnam February 84.68+0.03°
March 41.84+0.02°

GAE, Gallic acid equivalents. *Means with different superscripts
within each column indicate significant differences by Duncan's
multiple range test (P<0.05).
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Table 5. Antioxidant activities of raw laver Pyropia sp. according to production region and season in Korea (December 2017-March 2018)

DPPH' (%

Region Month (%)
0.05 mg/mL 0.10 mg/mL 0.25 mg/mL 0.50 mg/mL 1.00 mg/mL
December 3.38+0.02° 10.15£0.02° 12.62+0.02° 24.31£0.02° 36.62+0.02°
Gangseo-gu, January 6.010.01° 6.11+0.04° 12.91£0.03° 23.42+0.03° 48.35£0.02°
Busan February 2.17+0.03" 4.04+0.03" 13.35+0.03° 22.3620.02° 45.030.02°
March 5.78+0.02° 7.900.02° 16.72+0.02° 29.79+0.02° 49.85+0.03°
December 4.7920.04° 8.08+0.02° 14.67+0.01° 24.55+0.03° 39.52+0.02°
Seocheon-gun,  January 1.50+0.02° 6.61+0.02° 11.4120.01° 18.3240.02° 33.330.02°
Chungnam February 4.2640.03° 6.08+0.01° 14.59+0.02° 23.400.03° 45.59+0.02°
March 6.60+0.02° 7.810.03" 15.62+0.02° 24.02+0.02° 45.95+0.03"
December 5.11£0.03° 5.71+0.03° 11.41£0.03° 22.52+0.02° 39.3440.02°
Wando-gun, January 7.42+0.03° 11.71£0.01° 21.32£0.04° 21.6240.02° 30.93+0.02°
Jeonnam February 4.8620.02° 7.29+0.02° 15.50+0.01° 28.88+0.03° 49.54+0.03°
March 12.46+0.04° 15.20+0.03° 20.36+0.01° 23.40+0.02° 34.95+0.01°
December 0.90+0.02° 1.80+0.04° 4.20+0.04° 7.52+0.00° 23.03£0.02°
Goheung-gun, January 7.53+0.02° 8.11£0.02° 12.610.03° 15.92+0.03" 28.23+0.02°
Jeonnam February 8.60+0.04° 11.15+0.01° 19.11+0.02° 29.94+0.03° 46.50+0.02°
March 12.6120.04° 14.71£0.03° 22.82+0.02° 26.13£0.02° 44.44+0.03°

Month ABTS’ (%)

. on

Region 0.05 mg/mL 0.10 mg/mL 0.25 mg/mL 0.50 mg/mL 1.00 mg/mL
December 5.400.03° 6.67+0.03° 13.97+0.02° 21.2740.02° 43.49+0.01°
Gangseo-gu, January 5.67+0.00° 7.03+0.02° 15.65£0.03" 25.88+0.03° 51.76+0.03°
Busan February 7.01£0.03° 9.55+0.03" 20.70£0.04° 21.34£0.01° 56.05+0.04°
March 8.07+0.01° 11.210.03° 17.2940.03° 24.67+0.02° 58.11+0.04°
December 6.11£0.02° 8.410.03° 14.42+0.03° 24.57+0.02° 46.57+0.02°
Seocheon-gun,  January 5.710.00° 7.30£0.02° 16.51+0.04° 26.03+0.02° 56.51+0.03°
Chungnam February 6.33£0.02° 7.59+0.01° 15.19+0.03° 25.32+0.02° 52.85+0.04°
March 7.74+0.02° 10.78+0.02° 17.09+0.02° 23.45+0.02° 56.78+0.01°
December 4.47+0.02° 7.35+0.04° 12.46+0.03° 23.00£0.01° 40.89+0.01°
Wando-gun, January 8.23+0.02° 12.34%0.03° 15.19+0.04° 19.62+0.04° 42.410.02°
Jeonnam February 5.000.04° 9.06+0.01° 20.0040.02° 28.13£0.01° 54.06+0.04°
March 2.79+0.02° 3.82+0.03° 6.69+0.02° 19.11£0.04° 50.96+0.03°
December 1.28+0.03° 4.49+0.02° 8.33+0.02° 12.18+0.02° 32.05+0.02°
Goheung-gun, January 4.100.02° 4.730.04° 10.73£0.02° 14.20£0.04' 30.910.01°
Jeonnam February 6.98+0.01° 6.98+0.02° 18.10+0.02° 28.25+0.01° 55.24+0.02°
March 2.5620.03" 3.18+0.02° 7.6420.01° 18.1520.02° 55.41+0.03°

'DPPH, 2,2'-diphenyl-1-picrylhydrazyl. 2ABTS, 2,2'-azino-bis [3-ethylbenzothiazoline-6-sulphonic acid]. “Means with different super-
scripts within each column indicate significant differences by Duncan's multiple range test (P<0.05).
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