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Quality stability of roasted lavers during heat treatment and storage was investigated measuring
the changes in pigments including chlorophyll a, carotenoids and biliproteins, fatty acids and free
amino acids as the major quality factors.

In roasting of dried lavers, carotenoids were found to be more stable than chlorophyll a, and bili-
proteins were most heat labile. The overall heat stability of the pigments depended upon heating time
and temperature. Chlorophyll a and carotenoids were retained more than 90% in the cases of roasting
for 9¢ min. at 60°C; 60 min. at 80°C; 10 min. at 100°C; or 5 min. at 150°C while biliproteins re-
mained about 70%. The lipids of dried lavers including polyunsaturated fatty acids appeared rather
heat stable when compared to the stability of pigments under the same conditions of roasting,

Spray of sesame oil or seasoning solutions on the surface of lavers after roasting seemed desirable
for stabilizing pigments and free amino acids during storage particularly at low water activity.
And that was also benefit for the protection of polyenoic fatty acids from rapid progress of
oxidation during storage. Free amino acids were reduced fast during roasting, especially most of
threonine and glycine while glutamic acid was rapidly lost during the storage.
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Table 1. Effect of roasting on degradation of chlorophyll a, carotenoids and
biliproteins and changes in Hunter color L,a, and b value of dried laver

(mg/100 g on dry basis)

Biliproteins

1lunter color

Treatment Chlorophyll a  Carotenoids

PE PC APC L a L
Controt 662. 38 154.93 2044 1045 1109 11.5 2.8 0.5
60°C 30 min. 657.68 149.21 1952 976 971 11.7 1.3 0.5
60 min. 656. 37 148.59 1865 879 971 11.5 0.6 0.5
90 min, 652. 50 140.96 1608 704 840 12.9 0.5 0.7
120 min. 652.04 121.37 1546 800 806 13.0 0.6 0.9
80°C 30 min, 659.24 146. 32 1980 941 967 11.7 1.4 0.5
60 min, 655. 37 145,20 1707 790 911 12,7 1.2 0.7
90 min. 643.99 142.02 1479 661 808 12.3 0.8 1.5
100°C 10 min, 653.67 138.68 1753 982 978 12,1 1.6 1.6
30 min. 587.87 141.09 540 215 810 12.6 0.4 2.2
60 min. 567.33 138.82 352 256 662 13.6 0.2 2.2
150°C  Smin. 654. 88 148.20 1760 987 994 12.5 1.9 1.0
10 min, 625.46 142.33 673 343 908 12.8 1.7 1.9
20 min. 470.05 145.02 0 0 576 13.9 0.1 2.1
30 min, 394.49 133.49 0 0 545 14.7 -0.8 2.4
200°C 3 min. 508.70 142.01 0 0 373 17.2 -0.1 6.3
5 min. 486.71 122.90 0 0 0 19.5 -~0.5 8.0
10 min., 400.44 154.64 0 0 0 23.1 -1.6 9.2
20 min, 121.98 29.10 0 0 0 25.9 -1.4 10.1

Table 2. Effects of roasting time and temperature on fatty acid composition of dried

laver
YAl 187V ; o7

Fa_tty Control 100°C 150°C 200°C

acids 10min., 30min. 60min. 5min, 10min, 20min, 30min. 3min. S5min. 10min. 20min.
14:0 1.01 1.21 1.26 1.01 0.88 0.88 1.09 1.42 1.09 1.14 0.95 1.15
16:0 27.72 27.49 27.63 28.00 27.67 28.01 28.27 28.24 27.88 28.30 28.62 31.29
18:0 1.27 1.43 1.40 1.48 1.36 1.30 1.24 1.45 1.29 1.33 1.22 1.65
20:0 0 0 0 0.14 0.29 0 0 0 0 0 0 0

Saturated 30.00 30.13 30.29 30.63 30.20 30.19 30.60 31.11 30.26 30.77 30.29 34.09
16:1 4.31 4.05 4.29 4.30 4.20 4.23 4.31 4.39 4.15 4.01 4.21 4.35
18:1 3.13 3.35 3.48 3.82 3.40 3.30 3.18 3.90 3.17 3.15 3.11 4.12

Monenoic 7.44 7.40 7.77 8.12 7.60 7.53 7.49 8.29 7.32 7.16 7.32 8.47
18:2 1.98 1.99 1.95 2.25 1.87 2.61 1.94 2.00 1.90 1.86 1.89 1.97
18:3 3.84 3.92 3.96 4.03 4.04 4.64 3.99 3.92 4.03 4.10 4.34 5.43
18: 4 0 0 0 0 0 0 0 0 0 0 0 0
20:2 1.02 1.04 1.16 1.01 1.45 1.45 1.03 0.97 1.49 1.39 1.41 1.32
20:3 1.22 1.46 1.44 1.28 1.45 1.34 1.43 1.74 1.42 1.39 1.41 1.32
20: 4 3.93 4.03 3.77 3.87 3.92 3.86 4.03 3.70 4.01 3.69 3.79 3.75
20:5 50.56 50.04 49.67 48.80 49.45 43.38 49.48 48.27 49.56 49.65 49.01 43.36

Polyenoic 62.55 62.48 61.95 61.24 62.18 62.28 61.90 60.60 62.41 62.08 61.88 57.43

‘Total 99.99 100.01 100.01 99.99 99.98 100.00 99.99 100.00 99.99 100.01 99.92 99.99
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Fig.1. Degradation of chlorophyll a 1n non-treatea,
seasoned and roasted, and sesame oil
sprayed and roasted dried lavers during

the storage at different water activities.
NT; Non-treated,

SAR; Seasoned and roasted

SSAR; Seame oil sprayed and roasted.

Table 3. Changes in the ratio of optical density (663/667) at the wavelength of 663 and 667
nm during storage of non-treated, seasonad and roasted, and sesame oil sprayed
and roasted dried lavers at different water activities and room temperature

Storage time(days)

Water activity

0 10 20 30 40 50 70 100
Non-treated
2,=0.1 1.204 —_ 1.202 1.199 1.183 1.178 1.172 1.173
a,=0.2 1.204 — 1.197 1.189 1.179 1.169 1.152 1.149
Co=0.3 1.204 —_ 1.173 1.164 1.162 1.154 1.148 1.143
a,=0.4 1.204 —_ 1.148 1. 149 1.143 1.130 1.043 1.041
4,=0.5 1.204 — 1.112 1.045 1.020 1.005 0.927 0.918
ay=0.6 1.204 — 1.087 0.982 0.961 0.961 0.927 0.909
Seasoned and roasted
a,=0.2 0. 966 0.938 — 0.929 —_ 0.923 0.920 0.909
6,=0.6 0. 966 0.877 — — — 0.857 0.855 0. 852
Sesame oil sprayed
. and roasted
a,=0.2 0.975 0.970 - 0. 960 — 0.953 0.944 0.922
e,=0.6 0.975 0. 898 — 0.893 - 0.863 0. 859 0. 856

— 523 —



o] FAE|AlRe] vl8] Bl A R 2epl4 A]BIL
ta A4 B e RO el a,0.29)
AS AT e 100H#4 483mg/100g o2
72.77% 7 BEEstA o AE 4] Aol 227
mg o2 90.8%, zv|w] &8 7ol 74.63%7) I8
ek oA R BEFEAA vEhd ubshe] T3¢
ARt 718, vl A sl fraihe Mt
E €499 A=z 4y, 94 AR ik
o] MGt Rk, Table 3& olelqy Faelxa, A
e Beiol wh& pheophytin o] &R SUHE oty
913 chlorophyll a ¢] 3)=} %339} 663 nm(ether)s}
pheophytin a 2] v} F339} 667 nn(ether)el] 4] 2]
FF =5 v mste] Vel glel BRI TR A A84L
7} Al21-2 Lee® Fof sl 20KksrIkel o4k i
WS WIS #ike] RHESF] sl Fol ek WiKIHN
teol Atk mEERe {FAel sl a, MR{EREE
o] AVHEAE L olfretxn shglor Rt
7S HEd =8 AR AR Pk Sl
ARAY BRI A% ®e] Lol AHT #iR
2 33

2) Carotenoid 9] #i{t

# carotenoid 8] 7 9o £ chlorophyll a g} 7bo]
B o8 Rt MATe ek kA
skeh zull 4 a0 0. 221 4] Sol A 3= Bultiite] w3
36.2% 9 WPl 5 HF3lz Fig.26]4] mnl pJUilty
Bifgdl = o3y TRl 2L 3 THELD et
Wt} o]obte #E & Fig. 33 Fig.44] carotenes}
xanthophyll 8] A$el = whabsbAdirh. ¥,
0.62] AfelAE =v] 3 AFAENL kA 2F
a2 BMEAd Alsl HEl el E UKGNIEE ikl
el HEsteh A& vebia A+t

4. g wEdhel IRMsRMAme] LMt

Table 4% v}&719] w4 8 A GAE 4,
] &%k 73 9-9] FHBGRRAARS ARMES
fEmid e A= MR Ro] t14 4#ste] monocne
FRs} polyene F2e] A& sFAghkeh. 7 Hl &A1
A AT 15 A& Cauo Coio, Comes Cazis

e

Eo] Bl Cisas Crsize Cisrs 5-91 AIEIGLYVE
Eobatch, Tk A9 Tk IR

Fmo 2 monoene B2 U Cais B 59 MWt 714
skt BrERe] JaBFRRMLARS BR(LE Als]ndd Table
5041 el vkl Zro] Ceois BRY 739~ Nrik50H 7
Ae ol BEGE 5 o o] withke W

ekl el ek

. o UE S A IR B VT I

8
o

NT@ 0.2
NT@.:0.6
SAR @uw=0.2
SAR Uv=0.6
SSAR Aw=0..

ISAERY!

SSAR e =D .b

o
S

CAROTENOIDS{mg% on dry basis)
e
O T T

0 20 40 60 80
STORAGE T!ME(days)

100

Fig.?. Changes in carotenoids of non-trecated,
seasoned and roasted, and sesame oil
sprayed and roasted dried lavers during
the storage at different water activities.

O~—Q0 nr (w.p.2
| O —@ NT Gus0.6
~ 60 A—A sar Gue.g.2
Ry A—4A SAR @us0.6
» O~—{] SSAR Gw=0.2
,3 W SSAR Qus=0.6
S0t
&
©
c
S 40
™
£
~ 30
i
Zz 20r
w
-
o
@ |0Or
Pr}
()

0 20 40 60 80 100

STORAGE TiME(days)

Fig.8. Changes in carotenes of non-treated,
scasoned and roasted, and sesame oil
sprayed and roasted dried lavers during
the storage at different water activities.

— 524 —



209 ML B RrERe REERME

NT@ekLo.2
NT Qe=0.6

SARQwk0,2
SAR Qui0.6
SSAR Qux0.2

100

LI

ssaR Gez0.6

XANTHOPHYLLS(mg % on dry basis)

Table 4. Changes in fatty acid composition
of dried laver after different

0 20 40 60 80 100
STORAGE TIME(days)

Fig.4. Changes in xanthophylls of non-treated,
seasoned and roasted, and sesame oil
sprayed and roasted dried lavers during
the storage at different water activities.

Table 5. Changes in fatty acid composition
of seasoned and roasted dried laver
during the storage at water activity,
0.2 and room temperature

treatments

Fatty acids Control Roasted Oil sprayed seasoned
14:0 1.05 1.06 0.12 2.17
16:0 27.07 28.27 4.69 23.65
18:0 0.82 0.78 1.17 0.82
20:0 C. 48 0.43 7. % trace
22:0 0.74
24:0 0.27

Saturated 29,42 30. 54 14,81 26. 64
16:1 4.20 4.40 0.53 4.81
18:1 3.45 2.77 19.23 5.44
22:1 33.14

Monoenoic  7.65 7.17 52.90 10. 25
18:2 1.81 1.94 14.10 2.85
18:3 4.04 4.65 11.34 3.29
18:4 0.36 trace trace tlace
20:2 1.09 1.04 0.87 0.35
20:3 1.31 2.10 0.29 1.09
20:4 3.51 3.72 trace 4.67
20:5 50.81 48.83 4.75 50.87
22:4 0.79
22:5 0.14

Polyenoic 62.93 62.28 32.28 63.12
Total  100.00 9.999 99.99 100.01

Table 6. Changes in fatty acid composition
of seasoned and roasted dried laver
during the storage at water activ~
ity, 0.6 and room temperature

Storage Time(days)

Storage Time(days)

Fatty acids Fatty acids
10 30 50 100 10 30 50 100
14:0 2,17 2.24 1.84 1.29 1.63 14:0 2,17 1.86 1.8 1.51 1.52
16:0 23.65 23.95 24.19 25.64 26.91 16:0 23,65 25.24 26.72 27.09 32.13
18:0 0.82 1.40 1.41 1.15 1.17 18: 0 0.82 0.67 0.58 1.39 1.62
20:0 trace trace 0.50 trace trace 20:0 trace 0.25 trace 0.21 trace
Saturated 26.64 27.59 27.49 28.08 29.71 Saturated 26.64 28.02 29.16 30.21 35.27
16:1 4.81 4.94 4,12 4,80 4.63 16:1 4.81 4.99 5.53 5.15 5.42
18:1 5.24 4.95 5.83 5.22 3.93 18:1 5.24 5.54 4.99 5.96 4.80
Monoenoic 9.25 9.89 9.95 10.02 8.56 Monoenoic 9.25 10.53 10.52 11.11 10.22
18:2 2.85 2.28 2.24 2.24 2.62 18:2 2,85 7.72 2.04 3.22 4.31
18:3 3.29 3.15 3.39 3.07 4.70 18:3 3.29 4.36 5.23 5.33 6.60
20:2 0.35 0.40 0.41 0.40 0.87 20:2 0.35 0.58 0.83 0.8 1.99
20;3 1.09 1.28 1.09 1.40 1.49 20:3 1.09 2.06 2.05 2.06 2.79
20: 4 4.67 4.68 4.50 4.26 4.71 20:4 4,67 4.41 4.47 5.17 5.72
20:5 50.87 50.73 50.61 50.54 47.33 20:5 50.87 47.31 45.68 41.16 33.06
Polyenoic 63.12 62.52 62.25 61.90 61.72 Polyenoic 63.12 61.44 60.30 58.68 54.53
Total 100.01 100.00 99.99 100.00 99.99 Total 100.01 99.99 100.00 100.00 100.02
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Table 7. Changes in fatty acid composition
of sesame oil sprayed and roasted
dried laver during the storage at
water activity, 0.2 and room tem-
perature

Storage Time(days)

Tuble 8. Changes in fatty acid composition
of sesame oil sprayed and roasted
dried laver during the storage at
water activity, 0.6 and room tem-
perature

Fatty acids
10 30 50 100

Storage Time(days)
10 30 50 100

Fatty acids

14:0 0.12 0.17 0.27 0.25 0.19
16:0 4.69 5.22 505 5.15 5.83
18: 0 1.17  0.97 1.37 1.40 1..14
20:0 7.82 7.79 7.33 7.50 8.11
22:0 0.74 0.53 0.70 0.68 0.35
24:0 0.27 0.23 0.26 0.38 0.20
Saturated  14.81 14.91 14,98 15.36 15.82
16:1 0.53 0.63 0.72 0.77 0.64
18:1 19.23 19.39 19.03 19.63 20.53
22:1 33.14 33.31 33.88 33.97 34.75
Monoenoic 52,90 53.32 53.63 53.37 55.92
18:2 14.01 14.01 13.82 13.91 13.96
18:3 11.34 11.01 10.18 10.64 9.54
20:2 0.87 0.88 0.95 0.41 0.561
- 2003 0.29 0.25 0.33 trace trace
20:5 4.75 4.79 4.54 4.52 3.70
22 4 0.79 0.72 0.76 0.79 0.54

22:5 0.14 0.11 0.18
32.28 31.77 31.39 30.27 28.25
99.99 100.00 100.00 100.00 99.99

trace trace

Polyenoic
Total
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o} 2ok, zulw 4, 7| E4AXE LS AL 4,026
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4, 0,601 4] B & T el Al me] & S}

14:0 0.12 0.17 0.30 0.22 0.09
16:0 4,69 5.23 5.53 5.5 6.11
18:0 1.17 1.32 1.45 1.45 1,07
20:0 7.82 7.68 7.03 7.44 9.05
22:0 0.74 0.64 076 0.71 0.37
24:0 0.27 0.17 0.14 0.23 0.20
Saturated 14.81 15.21 15.21 15.51 16.89
16:1 0.53 0.77 0.83 0.68 0.50
18:1 19.23 19.05 18.66 19.29 19.73
22:1 33.14 33.14 33.47 33.80 35.36
Monoenoic 52,90 52.96 52.96 53.77 55.59
18:2 14.10 14.05 14.28 14.70 14.06
18:3 11.34 11.07 11.15 9.86 8.69
20:2 0.87 1.07 1.04 0.89 0.48
20:3 0.29 0.30 0.29 0.32 trace
20:5 4.75 4.48 4.41 4.23 3.83
2214 0.79 0.67 0.55 0.71 0.46
22:5 0.14 0.19 0.11 0.05 trace
Polyenoic 32.28 31.83 31.83 28.57 27.52
Total 99.99 100.00 100.00 99.99 100.00
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A0\  SAR Uws0.2
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Fig.5. Changes in browning values of non-treated,
seasoned and roasted, and sesame oil
sprayed and roasted dried lavers during
the storage at different water activities,
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Table 9. Changes in free amino acid content of seasoned and roasted dried laver during
the storage at water activities, 0.2 and 0.6 and room temperature
(mg/100 g on dry basis)

. a,=0.2 a,=0.6
Amino Storage time(days) Storage time(days)
acids 0 10 50 100 10 50 100
Asp 87.22 78.72 69.12 51.37 75.96 69.01 54.78
Thr 29,95 27.02 27.27 20.08 26.13 25.26 17.60
Ser 48.88 42,34 44,97 32.44 44,67 44,19 31.47
Glu 379.92 281.47 203.99 139.75 235.90 167.14 117.10
Pro 54,80 41.52 55.82 37.67 39.66 37.44 28.23
Gly 28.46 28.09 29. 30 22.18 27.71 29.79 21.98
Ala 219. 57 187.37 198. 67 173.37 213.50 225.78 171.88
Cys 2.99 2.44 2.70 2.68 2.19 2.31 1.77
Val 31.83 26.73 30. 56 22.23 29.91 29.75 20. 36
Met 11.37 10.18 5.61 8.60 5.09 5.96 5.16
Ile 29,85 24,04 26.21 24.92 23.78 28.37 22.01
Leu 49.14 40. 11 47.18 36. 86 46. 65 43.01 31.87
Tyr 15.92 12.31 14.98 10. 38 11.33 13.23 10. 27
Phe 28. 80 23.07 27.97 18.99 27.71 25.97 17.09
His 28.71 31.33 28.51 18.17 25.34 20.32 13.81
Lys 30.00 24.83 28.82 18.11 28.80 25.25 18.58
Arg 26. 57 20.25 25.46 16.25 39.60 24.76 20. 51
Total 1103. 26 901. 82 867.14 664. 05 903.94 817.54 604. 47

Table 10. Changes in free amino acid content of sesame oil sprayed and roasted dried laver
during the storage at water activites, 0.2 and 0.6 and room temperature
(mg/100g on dry basis)

. a,=0.2 a,=0.6

Amino Storage time(days) Storage time(days)

acids 0 10 50 100 10 50 100
Asp 45.97 39,63 32.18 36.28 39.71 36.90 32.53
Thr 10.07 8.03 7.09 8.34 6.59 7.75 5.77
Ser 24.47 19. 57 19.17 22,20 18.76 19.96 20.84
Glu 87.77 85.30 53.88 39.14 83.70 43.46 25.98
Pro 44.66 39.65 35,88 36.88 35.56 34.29 28.48
Gly 7.32 5.57 5.53 10.57 4.83 5.22 6.93
Ala 185.99 173.13 154.14 170.77 175.83 177.76 166. 68
Cys 1.82 2,48 2.14 1.87 1.82 2.33 2.16
Val 8.70 7.90 7.12 6.81 5.90 6.38 5.71
Met 8.57 7.82 6.76 8.33 5.85 8.43 4.60
Ile 10.25 6.80 6.47 10.07 7.48 9.22 8.19
Leu 8.82 7.12 6.23 7.45 6.73 7.11 6.56
Tyr 5.51 2,94 3.08 4.55 3.06 6.29 5.58
Phe 6.48 3.44 2.77 4.79 2.65 5.19 5.43
His 19.68 17.22 9.10 23.01 18.91 8.29 24.13
Lys 2.61 1.79 1.69 1.70 2.14 2.03 1.89
Arg 6.07 5.96 5.24 3.84 3.14 2.65 5.65
Total 484.85 433,08 358. 47 396. 60 422.66 383.26 357.11
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