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Manufacturing and Quality Characteristics of Seaweed Chip Prototypes
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In this study, high-protein seaweed chips were prepared on a plant scale using laver and green laver as primary in-
gredients, and their quality characteristics were evaluated. The crude protein contents of laver and green laver chips
were 13.0 g/100 g and 13.5 g/100 g, respectively, making them high-protein products. The amino acid composition
of laver chips was 11,810.2 mg/100 g, with essential amino acids (EAAs) accounting for 33.0% and branched-chain
amino acids (BCAAs) for 18.6% of the total. In green laver chips, the amino acid composition was 8,292.9 mg/100
g, of which EAAs represented 48.5%, and BCAAs 17.1%. Regarding the free amino acids of laver and green laver
chips, amino acids with sweetness (threonine, serine, glycine, and lysine) were the most abundant at 143.8 mg/100 g
and 136.0 mg/100 g, respectively. Flavor components, including 3-methylbutanal, dimethyl sulfide, dimethyl disul-
fide, and dimethyl trisulfide, were generated by reactions, and (E)-2-heptenal, nonanal, hexanal, 3,5-octadien-2-one,
and (E)-B-ionone in green laver may contribute significantly to the flavor of the green laver chip prototype. Sensory
evaluation showed that preference was generally suitable in the range of 6.20—6.56 for the seaweed chips. However,
further research is required to improve texture and consumer preferences.
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M OE EoFS 1Y T2 70| £31= 7l (Porphyra yezoensis)S- 2024
Fof] 551,516 tono] AJAkE| o] m]e] T} 0 7 MAleko] wWokal,
2023(534,390 ton)ol| B]3H 3.2%7} 718kt 121l )
2= (Ulvales)?] 7}Aatell(Enteromorpha proliferay= 5,637

S-eluetel MAshs s iz 75001 Fofl E5hARE, A
A 4180 2= 300 Foll Batatrtal YA Uck(Kim et al.,
2019). dfj 2= opeFet S S5ke] 20w e 228t tono] AJAHE| 91 =H|(MOF, 2025), o]+= 2-2]ufe} Asfor 2

alon, AEA, FAAEY Y 7fRE o] Eo} 72 Bt & jotol| 4] F=2 oF élihﬂr(Jeong et al., 2023; Heo et al., 2024a).
7|3FHE Rk o} 12} AMEE R (polyunsaturated fatty o] S s 2F= 204G = gleko] We 429A] ALY rigkEol
ac1d, %TQE A, el §) 9 22F thapibE R (s ot EEjulsAdRo] ghatkst W S avkigt opyel, Wl 7
&, o, gefol = 9 gl 25| o] E F)E FHsk] wizel 7t Stet dolf mohs A5k AE Qe Ao ' B gl
A7} w9 =A| 3 7HE th(Biris-Dorhoi et al., 2020). =3 2|+ JoFstA o 2w 2okl slaF gl 238 heFo] uf @ szof &
o= A7} 9 W =28 B2 o 2 o]y 3 RFE 7| 5A A 7 A7AIE A 2 G A Qlth(Jeong et al., 2023; Heo et

F

& Az H7HE= ANSHAW, ATAECR T 77 A
014] %] 31 QJtH(Wassie et al., 2021). -2 ute} s oA A4k

al, 2024b). 3HE 7182 Q1 Zwo| A B, 20] 1& A3 7]
FBES 2UR 9 B2 R ieln, §9A e © AEo]
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ol A& A 9 -8 50 A Abulj7F gl ol Fog A 91 J 3k
< UAAY fE71gke] ©EEl= EAIRE 7FA AL 9tk (Choi
etal., 2011; Jung et al., 2013). ¥HHof| o}l = 7o v]s}o] TS
Aol A =7} obd 7] wiZell At o' ThgEo] wig- A
ol ZL 5o AH(Kim et al., 2020a), HEF-7](Kim et
al., 2020b) ¥ 2 d®H(Kim et al., 2019) 5o Z-&-5F A&7} &2
w5 Qlek whebA] 2ol A ks Wl air frying
714S 283 A 24, A A% H(Hwang et al., 2022), 7
H(Jeong et al., 2023) 5] AEA LAl ol SEA] 4
A& o] &5t A A A(Joshy et al., 2020) L surimi XA 5 ©]
L3+ A& (Yu et al,, 2020) 5= R & At Air-frying 7] &2
Wi5o] A ol A WA Eh= F71(F Hf 200°C)E HF Ho=
wgoto] tif o g 7FY Aol WAl o R T i
29 s 2FE o83 AR A&H 17 A vlsl %
A% 5 A Ao At 2 QIgk FAASHE A 4= Q= ol F}
A A7 A S HA o= skl Qitk(Yu et al., 2022).

A ¥H-8-3H(reaction flavor)> obr| Al 9 THhR o} 7h2 7
TEAS 7HE AP E F5to] 7ok UF9] Maillard HH3-©
A, GHHA 02 AlZTFgo A $& 3| E Foltl= d 23
9 A8-5 o] 2tH(Ahn et al., 2014b; Seo et al., 2015). o]
SRS At T A O R AE 1159 gl savory &I E
FSHAY = 0|35 AbH|(masking) & £2] 02 Al =E QL
7100, o] 2|3t RE&-3F 7|2 A-83tchd sl 27 59 o1F 9
At aukel §HA| s 2 FE o 83 J 7HEE] S| SXlol =
A 7118 Alolet AAZEE| St o] o] o] - Atofl A= A
F aAz2A TR 77 e R 2 ue)E YRR
shof kA ok s 273 A2 E 913k o3}k 4=,
HRS3F Azl 9 air frying®] 2|23} 20-& WHEEHEA]
MO 2 lab-scaleo]| 4] A 23t H} Qlck(Jeong et al., 2023; Heo et
al., 2024a). & ¢1Lo)| A= Lab-scaledf| A Gl & 2HS
= plant-scale® A| 251312 749 s 273 AAIES &4 54
= B BAFOZMN, PO Al F5E R AR Al 7|2
Az gt src
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M=

A A28 02 Z(P. yezoensis)> Manjun Foods Co., Ltd.
(Mokpo, Korea)ol| 4] Al5ko} ZFA7IZ|o| A ZHEA] -85
sec o|Y]) th2, w#2&7|(HB 50; Korea Powder System Co.,
Ltd., Incheon, Korea)ol 4] &4 F 80 meshA|(Supply Filter
Tech Co., Ansan, Korea)ol] A& t}2 W5(-24°C) Hs}o
23 Ao Asisiet. g sl A Qe wiel(Entero-
morpha proliferay~= 712 9 45 7S Food-ai (Hanam,
Korea)o Al gt 3 80 meshA|of] A& th3 ¥5 Hust

£ Ageiolc Lol e izl el ol(hair

d

tail surimi; Xiangshan Shipu Goulog Aquatic Products Co.,
Ningbo, China):= GNK Co. (Busan, Korea)ol| A 1)<
AT (ca 1.0 kg) &~F 2 low-density polyethylene (LDPE)
film (25 ecm % 30 cm; Cleanwrap Co., Seoul, Korea)of| 45}
o Yy shHA Aefo ARgSHlt. FHm=A HAA|Q
6 -gluconolactone (GDL), B4 E-E(NaHCO,) & H©]
k-t = 212} ES Food Co. (Gunpo, Korea), Bread Garden
Co. (Seongnam, Korea) 2! Johung Co (Ansan, Korea)of| 4], Z1
2] AEK(CJ Cheiljedang Co., Incheon, Korea), 52U 7}(CJ
Cheiljedang Co., Incheon, Korea), 225(CJ Cheiljedang Co.,
Busan, Korea) ¥ £-2 37}5(Cheong Eun F&B Co., Goy-
ang, Korea)= 74'd Ao 275k 2FntEof|A] Lufjsto]
ARESETE R W 7)ol A8-F oAb (proline,
methionine, threonine ¥ glycine) ¥ glucoser= Vixxol Co
(Ansan, Korea)of| A F-4o. 2 2| wtol ARg-5}3i Tt

d o Ao g AFE ME

(=]
2 A AAES 2UREA Baet 7, Selo] @ Wk
HelRel Mg, A3 2 BHAEHEAHES 2 Wlo]Juks
H)E Table 12] uijghH] e} 2ro] 29ku] 4 7](80 kg & Shin-
heung Food Co., Gimhae, Korea)ol] €11 BH3-3F 5=l (re-
action flavor-inducing solution, RFS)¥} =& H7}sH 3 5-10
min 7+ WREske] §He 4 Q1= W2 RSt o|uff RFSO]| A
L5 ohu| AR = th2- 3} -2 H|E, = methionine 0.54 g%,
threonine 3.30 g%, glycine 2.40 g%, glutamic acid 0.90 g%
I} glucose 3.00 g% (W/v)E S+ 100 mLof| &3)3t o},
autoclave (LAC-5080SD 80L; Daihan labtech Co., LTD., Na-
myangju, Korea)ol| 4] 121°C, 1 bar®] 70| 4] 90 min7}t 5+
SA1A RFSE A|z5H30th vh52 &A% 7](e 18 em x50
cm; Shinheung Food. Co., Gimhae, Korea)o] €1l =ZA(o
0.1 mmx 19 pin)& F25to] A5 HAFAX oS, AlEsiA
ZAdo]o] MEZ Fdto] AL2A(10°C ©]sh)olA] 10 min F =
FEAR(EE 40% oshAIZ] F, ©F 13.5 cm (long) X 9.5 cm
(width) X 0.15 mm (thickness)2] Z7|2 Adst 71 H Ad=
2 It o3 2 air-frying conveyor (9 m long; Shinheung
Food Co., Gimhae, Korea)2 E35}o] 210°Coj|4] 2.33 min 7}
22 3 ohe Al Az SE A A ES 40 g4 S
374 laminated film (25 cm x 35 cm X 0.1 thickness; DSMNT
Co., Hwaseong, Korea)o]| o] 3A5}% ct.

ot whef] 3 A AIE(Fig. 1)@ 79+ Table 13} -2 ujj gt
o RFSe} =5 H7tste] 4 A Alxs4 1 o] 9] A7]
A WSS Alskiet ofuf st 2] RFS A|£H|&-2 me-
thionine 0.05 g%, threonine 1.0 g%, proline 1.0 g%, glycine
1.4 g%} glucose 2.0 g% (W/v)E S+ 100 mLof| &3¢t ot
<., autoclave (98°C, 90 min)ol|A] A|Z3}3ct. whef] 3 HES
2 A Az} FUT P 07 A, air-frying B 2



Fig. 1. Appearance of green laver chip prototypes.

Zzsto] wh A AAIEE AT
d & A o2 F AxEel SLd

A3 R k) AAIES] 140 FFEE AL Ul SUld
A7RE A A7 |8 S5 T+4x(Hadong, Korea)of| ©]=]
Shol 2 Al BATAS Ak on, 1 H AE S5
4 A EZHKEDA, 2022a)°] utet sjz7o] AHH 4714
Za&E7)Eo R AXSIshE o 2 A Ag <, B2 Inductive-
ly Coupled Plasma Spectrometer (ICP; Perkin-Elmer Optima
4300V ICP-OES, Pocasset, MA, USA)Z A&k H-45}% ).

4 & & ol & AMEe 4 H welofolieitel 24

AT

A &L Aol Al B2 AZ-F XA (KFDA, 2022b)of| wh
2} 243 Al & 0.20 g& 75| AR Th test tubeo]] 3L 6
N HCIZ- 15 mL%E 7}18}19] 110°C dry oven©l| 4] 24 h 7|3

491

AlF e}, ¥l A| 2= glass filter2 ©]3} W rotary evaporator
2 55°Col| A 9 522 3 oF2, pH 2.20 citric buffer® %48
(25 mL) ¥ 0.45 pL membrane filter (Hyundai Micro, Seoul,
Korea)= o}sto] ofu|=Al £.418- A& & 313t f-efofn]
LA B4 FA AZ7|(HyperCOOL HC3110; BMS Co.
Ltd., Seoul, Korea)= -110°Cof| 4] 72 h A A= 3+ A& 2 gl
70% ethanol (Sigma Co., St. Louis, MO, USA) 30 mLE o|-&
stof ik B! A4 2ok th, A E Ao ThA] 70% etha-
nol 30 mLE o] £2]3t 45N 7 55(<40°C)sh3lrt.
Ether=2 44| W 53 A| =2+ citric buffer (Sigma Co.) (pH
2.20)2 A-8(25 mL)3gt o2, sulphosalicylic acid (Sigma Co.)
1 g& Fa 2 S92 bAoA 1 h A2t $-0.45 uL mem-
brane filter= o{1}sto] fefohn|ieAlt E4-8 AR 2 sF3lch
T3 E FEjobu| At A2 o] i AR A 7] (Sykam amino
acid analyzer S433; Sykam GmbH, Eresing, Germany)<- ©|
g3}to] 24519 01, colume2 LCA KO7/Li 4.6 X150 m m,
X522 standard solution amino acids (Sykam GmbH)E
ARga19ic
M 3 Texture? £

AAIES] 3 M= A 2FA (Lovibond LC 100; Tintometer
Ltd., Amesbury, UK)Z 0|-§5}0] H1(L¥), A4 (a%), T4
T(b*) Y MR AE)EHS B3 HATHL*, 98.1; a*, -0.7; b*,
1.0)oll A RHE: S 453

Texture (brittlness, hardness)+= Stamataki et al. (2016)<]
% W% Jeong etal. (2023)] Wil whek ZA3HgC). A
#2 texture analyzer (TA-XT2 Plus; Stable Micro Systems
Ltd., Godalming, UK)& A-8-5}-% 1L, brittleness2} hardness=
probe= A Z}Z} three point bend rig (HDP/3PB; Stable Micro
Systems Ltd.), plunger (Stable Micro System P/0.25S)& A&
ATt S 2 AL pre-test speed: 5.00 mm/sec; test speed:
5.00 mm/sec; post-test speed: 5.00 mm/sec; force: 100 N; trig-
ger force: 0.049 N; probe height: 35 mm; probe distance: 15

Table 1. Pilot scale recipe of additives for the processing of laver chip (LC) and green laver chip (GLC) prototypes

Major compounds Minor compounds
Compounds Dried Green Medium Baking RES* Water opq
Surimi NaHCO, Sugar Salt GDL' RSPz (L) L)
laver  laver flour  powder 3
LC Amount (kg) 5.44 - 848 40.00 0.32 040 6.28 0.64 - - 3.60 36.00 61.56
Ratio (%)* 8.83 - 13.78 6498 0.52 0.65 10.20 1.04 - - - - 100.00
GLC Amount (kg) - 5.28 528 2376 0.52 052 316 026 08 040 4.00 36.00 39.98
Ratio (%) - 13.20 13.20 59.41 1.32 132 792 066 1.98 0.99 - - 100.00

'8-Gluconolactone. *Roasted soybean powder. *Reaction flavor-inducing solution (RFS) for processing of LC made by reaction of four
amino acids [methionine 0.54 g%, threonine 3.30 g%, glycine 2.4 g%, and glutamic acid 0.9 g% (w/v)] and glucose 3.00 g% (w/v) with 100
mL of water at an autoclave (121°C, 90 min), and for processing of GLC, by reaction of four amino acids [methionine 0.05 g%, threonine
1.00 g%, proline 1.00 g%, and glycine 1.40 g% (w/v)] and glucose 2.00 g (w/v) with 100 mL of water at an autoclave (98°C, 90 min),

respectively. “Ratio to total amounts (%).
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mm= 4743} =0, hardness= BIEES 60%= A3 o}
= 3 WA 7] 2.9] =015 hardnessgh(N) &= S5k, Btgk
(n=3)+ FFHAZ e Sich

ey 2rlg=2e 24

Al &=0] $HHY BF71/dE-2] 412 Kim et al. (2023)2] {1 of
w2} A3kt 37 A48 2] 2R solid phase microextrac-
tion (SPME) %] (Supelco, Inc., Bellefonte, PA, USA)E ©]
L3190, F2-E- fiber+= polydimethylsiloxane/divinylben-
zene (PDMS/DVB) fiber (65 um coating thickness)E A3
of, B4 2o 220°Cofl 4] 30 min 5<F GC injection porto]]
A 2353t tha ARG-SFSITH AR 6 gt R EEE A hexyl
acetate (Sigma Co.) 1 uL (101.14 ng)E 20 mL-& headspace
glass vial (Supelco, Inc.)of] ¥-2 F aluminum crimp seal (20
mm, open center)¥} polytetrafluoroethylene (PTFE)/silicone
septum (60 mils)© 2 WESE T 50°Coll A 60 min E<F fiber
2 vial oA =2 AAX FP4 SRIES sk 28
2 220°C GC injection portol| 4] 5 min7t fiberS =E&A|H L
], SPMEMIo] ofet 34l o] 23 AT 38] 4hs A
Be Saster.

SPME® | 23] S2H¢l $84] 4dE-2 Perkin Elmer 600T
GC/MSD (Perkin Elmer Co., Fremont, CA, USA)E ©]&35
o] injection portol A 5 minZt ©2FA| At £4-8 column
Elite Wax capillary column (60 m X 0.25 mm i.d. X 0.25 pm
film thickeness; Perkin Elmer Co.)2 AME3110H, 17|14
o] HeQ] AAFEE = 1.0 cm/s, 2E-29] 5= 40°CollA] 5 min
7F H& 5 220°C7HA] 4°C/min £ 522 4523 t}& 10 minZt
HELE AT MSDEA 272 capillary direct inter-
face 2=, 220°C; ion source 2=, 204°C; ionization energy,
70 eV; mass range, 33—-350 a.m.u; electron multiplier voltage,
1,500 V& 3} THCha et al., 2001). Zt 3}31=0] A A<l &
A2 Jeong et al. (2023)2] ®H of] ute} retention index (RI) Y
NIST (The National Institute of Standards and Technology;
version 2.3) standard MS library data base (Perkin Elmer Co.)
2 AAsiol, SAE A4 g Aue YrEaEd
(hexyl acetate)&- ©]-8-5F01 4t 2] TF(factor=1, ng/g) > = 7]
el ilag
52

PSP TR AJeHee) 95 (nstitutional
Review Board of Changwon National University, IRB)2] A}
22:91(No. 7001066-202403-HR-017) & HFE. Fo]| s 223
A9} Al 410] TAlo] Qs TR Aok Al B rstae] ot
SAGER ol W el % % 45w 0] 1AL AR
187, of#} 279) .= sf=f(wte) 3 AlAIES] A, Bt 24
A9 FEH V|5 EE 08 BAUCHE B 0 M Al
ShIgke, 1) 0.2 S4akich, Ak 1Y 7 A= Bl &

e

A Ftol A (Y o2 AEH A Abe] s2Ab2 A E
A7t Eolxl EEYe SetAE £7](polystyrene, 970 mm)
(Aju Tech, Hwaseong, Korea)oll &7 = A|2E AdH sk,
ZF A gt v R = Gake Eo0l7] fl8l S Alssto] et
= Y %, 2 A= 1 mingt F412 ke SFiT

sA=4

==
2 Aol A ek s A 42 33 jEEsto] 2135}l
o, A= mean =+ standard deviation© 2 A5} TH A
A7}o] A AL SPSS £ 7| 2 13(ver. 27.0; IBM SPSS
Statistics, Chicago, IL, USA)2 AME-310] =883} om, A&
7t oA & t-test W Duncan®] th5 {9 AA-S Foll ==
oflA] A A %2 A3

Zn 9 D3
4y

e & AlFIEel 140 SLEE
=]

11
A E w3 AAEY] 140 FEA
of JelRith JofdE FAA = 7HA RS 994 EAS
ZH| Rl A Asto] 2HA1L] A7kl Y2 AlE-E AEE 4= 9l
TE Fe AERA, 1996W AEo]eFZd A o A 7hE-AlE
of thsto] FYE EAIE YFBetes 45U THKDCA,
2024). 71 Z 9 whef o] 2ehad sheke 7kt 13.0 g/100

o
BA AF}LE Table 2

Table 2. Nutritional information of the laver chip (LC) and green
laver chip (GLC) prototypes

(g/100 g)
LC prototype GLC prototype
Components - -
Amounts Ratio (%)? Amounts Ratio (%)
Calories (kcal) 342.5 17 347.5 16
Carbohydrate' 74.4 23 73.6 23
Crude protein 13.0 24 13.5 25
Crude fat 0.5 1 0.7 1
Trans fat N.D3 0 N.D 0
Saturated fat 0.2 1 0.3 2
Sugar 10.4 10 4.1 4
Vitamin D (ug) N.D 0 N.D 0
Cholesterol (mg) 4.3 1 0.0 0
Dietary fiber 5.8 23 3.6 14
Na 1,101.0 55 684.8 35
) K 310.0 9 4345 1
Minerals (mg)
Ca 267 4 94.6 14
Fe 2.8 23 15.9 0

ICarbohydrates= 100-(moisture+crude protein+crude lipid+crude
ash). Ratio to daily edible value (%) (Dietary reference intakes for
Koreans: Application, 2020). *Not detective.



g % 135 g/100 go=A f-ejuet 44317157 60 g/day
(KFDA, 2024)2] 24% 9 25%E 2} o}fﬂu} thS o & A7)
Zako] O BhaHE0 7171 744 ¢/100 g 9 73.6 ¢/100 g 0.5
o]ol /‘\j_r]ak 350 g/day q.]ul 23%/;1\] [e] X]—X] }od [©) :q Alo]/\-] o
=25 g/day= 734 5.8 /100 g(°‘°'ﬁﬂﬂu 23%), ut]
oAl 3. 6g/100g(?:_1?:_1’§$43‘:«l 14%)°] 3L, S 242t
10.4 ¢/100 g 9 4.1 /100 g& }A|515ic}. 71 3 9 st 2 o]
o] AR 742+ 0.5 g/100 g 2 0.7 g/lOO g& AA|5Ha=Y],

o] Fof| A IR S 7F2F0.2 /100 g Z 0.3 g/100 go] gl
EAAHL 1= AR oLoLq_ u]y| 2ol A= Na2] &=F
o] Z}7} 1,101.0 mg/100 g 2 684.8 mg/100 goi 7V e
G ARBH o, dAHF7IEFY 55% B 35%F AFA|5)
ek theo 2= K o] 310.0 mg/100 g 2 434.5 mg/100
g0]9loH, Ca (26.7 mg/100 g % 94.6 mg/100 g) 2 Fe (2.8
mg/100 g 2 15.9 mg/100 g)2] <=0] %t}

SHH 7HSAIE FUdIAOlA, Tl JheFo] A% 100 g
U L2 712219 10% o1 (>5.5 9 4ol - (E
FY)O = H7|8F 4 911, 20% o] AH(>11 g) U Aol = 114
= 3= 2718 4 Qlokar 17 skaL QItHKDCA, 2020). o
ehA A ) Y AAIES] B i e Al5(24%,
13.0 go gHh) o= 2717} 7Sk eH, air-frying= 418
?‘&Xﬂ%‘rOPIC’ﬂ o720 Al Al (F A 2 Aol vlsf A4
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FAREY /\]Zﬂ%-—] Cd, Hg, Pb 4 As 4] A3}= Table 37}
& FollA Cd, Hg % Pb= HEE]A|
2+0.17 ppm HEEH Ak vzt AEs
11} 7]5": el ‘Fﬁﬂ) (KFDA 2025)"“"1“ 7H8AE

w F A2ieh nE Uik
ol S e o127k o] 51 e e
o ok #7]H] 4= 1 mgkg o 2 4f A 0] AR Eof QL
= 72 dv|, u7, e, & e BANRE AR w‘-’rxhar %3
of AlF W E=0|R 8% Ao glsto] M H A (F7]H] &
mg/kg) {olth. F7|8| A= {7 H| A H T FA4]o] 75t
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Table 3. The composition of heavy metals of laver chip (LC) pro-
totype

Heavy metal Amount (ppm)
Cd N.D'

Hg N.D

Pb N.D

As 1.20+0.172

'Not detective. 2Mean+S.D (n=3)

A4 a7 493

9| oto|At I F2[0t0|

20 9 sl A AR Aol Ak P BAe 2t
= Table 49} 2t} 5 A W% 15%:0] 4ot to] 545
=dl, oA HH 3] oflAl= 11,810.2+37.3 mg/100
g, Tl ol A= 8,292.9 mg/100 gol =, A=F 7|EL

Shikst A3 742 12,769.3 L 8,994.5 mg/100 go] et 4 &
o] 79 ko] AH5H4-8 7PA) = HulgEo 2 o7l glutam-
ic acid (Ahn and Park, 2002)7} 3,214.3 mg/100 g 2 7} W&
2 FEH27.2%)°]1 AL, T2 2 proline (1,039.0 mg/100 g,
8.8%), leucine (963.0 mg/100 g, 8.2%), aspartic acid (831.7
mg/100 g, 7.0%), glycine (766.0 /100 g, 6.5%), alanine (671.3
mg/100 g, 5.7%), valine (655.7 mg/100 g, 5.6%) L arginine
(646.0 mg/100 g, 5.5%) 5] <=°I At 53| 4 Aol d=d
7%:2] "Ha=otu] iz AKthreonine, phenylalanine, lysine, valine,
isoleucine, histidine % leucine)®] $F&-2 3,999.3 mg/100 g

Table 4. Constituent amino acids composition of the laver chip
(LC) and green laver chip (GLC) prototypes

(mg/100 g)
Amino acid (AA) LC prototypelz GLC protot.ype
Amount  Ratio (%)' Amount Ratio (%)
Aspartic acid 831.7+2.6 7.0 881.0 106
Threonine? 331.719.9 2.8 503.0 6.1
Serine 331.3£9.1 28 548.0 6.6
Glutamic acid 321431132 272 3594 4.3
Proline 1,039.0+£9.3 8.8 135.8 1.6
Glycine 766.0+8.6 6.5 640.0 7.7
Alanine 671.3£3.3 57 514.0 6.2
Valine?® 655.7£1.3 5.6 646.0 7.8
Isoleucine?® 582.319.9 4.9 666.0 8.0
Leucine?® 963.0£7.5 8.2 106.7 1.3
Tyrosine 311.3£7.1 26 493.0 59
Phenylalanine? 578.3x7.8 4.9 784.0 9.5
Histidine? 365.3+1.7 3.1 520.0 6.3
Lysine? 523.0+6.4 44 799.0 9.6
Arginine 646.0+13.4 55 697.0 8.4
(Tgﬂ;esse”ﬁa' AA 30093 339 40247 485
Total non-EAA 7,8110.9 66.1 42682 515
Total BCAA 2,201.0 18.6 14187 171
Total amounts 11,810.24¢37.3 100.0 8,292.9 100.0

IRatio to total amounts (%). 2EAA, Essential amino acid. ‘BCAA,
Branched-chain amino acid.
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2 AA| o}u] Ak 33.9%E 24519 2.1, valine, isoleucine
4 Jeucine®} -2 BCAA (branched-chain amino acid)®] $F5F
©2201.0 mg/100 g©.2 A TAoku]1-Ako] 18.6%= 217
aoict.

m}ef) o A aspartic acid”} 881.0 mg/100 g (10.6%) 2.5
71 w2 okeko] )l a1, th3- 0 2 lysine 799.0 mg/100 g (9.6%),
phenylalanine 784.0 mg/100 g (9.5%), arginine 697.0 mg/100
g (8.4%), isoleucine 666.0 mg/100 g (8.0%), valine 646.0
mg/100 g (7.8%) ¥ glycine 640.0 mg/100 g (7.7%) 52| &
o100, 0} 3 72:9] ofu]eAto] AH2] 61.6% 214513
o}, 52 2] A RES] Warobn] A L 19| 48.5% )
2ol H]3) S8 ] go|gLow, Hhulo] BCAA L 17.1%
2 ol vlsf H3tch

Table 5. Free amino acids composition of laver chip (LC) and green

>
;
d

1 70 2 W e 3 AAIE Y] SeloluliAt HES B
A3l}= Table 59+ 2t} 7 29 79 % 298.6 mg/100 g T
o] %L, o] Fof|A] glycine©]| 108.9 mg/100 g = 714 W3k o
], T}2-© 2 taurine (70.6 mg/100 g), orinithine (53.0 mg/100
g) ¥ alanine (34.9 mg/100 g)°f =] {tt. wheff | F 2]
o] Al FHES 795.0 mg/100 go] g, o] FoA Q1A A
S 743} ethanolamine] 7= 21 phosphoethanolamine
(Myller et al., 2010)0] 482.0 mg/100 g©.2 60.6%= 2}7]5}
3L, T2 glycine (83.0 mg/100 g) ¥ asparagine (67.0
mg/100 g)2] <=o|3itt. Jung et al. (2005)2] A3 Al7]of wk
£ 7MNsteolA] ZEE ofaliat W §elobu]ieAl T4 v
@l 2w, otuieAbe] 4L Fol7} glglovt, HebrelA
= T o]} glo], AL} ol me wishEo] 2 g oF

laver chip (GLC) prototypes

. . Amount (mg/100 g) ) ) Amount (mg/100 g)
Amino acid (AA) Amino acid (AA)
LC GLC LC GLC
Phosphoserine 20.1+0.8 8.0 L-Isoleucine* N.D 3.0
Taurine 70.6x0.7 1.0 L-Leucine* N.D 4.0
Phosphoethanolamine N.D! 482.0 L-Tyrosine N.D 3.0
Urea N.D N.D L-Phenylalanine* N.D 3.0
L-Aspartic acid? N.D N.D B-alanine N.D N.D
Hydroxyproline N.D N.D DL-B-Aminoisobutyric acid N.D N.D
L-Threonine® N.D 33.0 L-Citulline N.D N.D
L-Serine® N.D 4.0 L-Histidine* N.D 1.0
Asparagine N.D 67.0 3-Methyl-L-histidine* N.D N.D
L-Glutamic acid? N.D 17.0 L-Tryptophan N.D N.D
L-a-Aminoadipic acid N.D N.D L-Carnosine N.D N.D
L-Proline N.D 39.0 L-a-Aminobutyric acid N.D N.D
L-Glycine® 108.9+2.5 83.0 L-Lysine® N.D N.D
L-Alanine® 349124 16.0 L-Arginine N.D 7.0
y-Aminobutyric acid 4.7+0.4 2.0 L-Cystine N.D N.D
L-Orinithine 53.0+2.3 15.0 1-Methyl-L-Histidine N.D -
L-Valine* N.D 4.0 Ammonia - N.D
L-Methionine* 5.8+3.5 3.0
. LC N.D
Total umami taste AA?
GLC 17.0
LC 143.8
Total sweet taste AA3
GLC 136.0
Amounts
. LC 5.8
Total bitter taste AA*
GLC 18.0
LC 298.6+2.6
Total AA
GLC 795.0

'Not detective. “Umami taste AA=aspartic acid+glutamic acid. *Sweet taste AA=threoninetserine+glycine+alanine+lysine. “Bitter taste AA

=valine+methionine+isoleucine+leucine+phenylalanine+histidine
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Aol 4480 R Holsk felotu]ierte 1 A}
247} 199 9 73 9l A% B EekCha and Yo,

N
2024). YIS 712 ofu| Al (threonine, serine, glycine,
alanine % lysine)7} 71 & 9 u}2) 3 AlAIFA 242 143.8
51 136.0 mg/100 go.= 71 go] AE= 3o, 4t 5l &
I 7M1= obr| At ofs A2 ol lth(Fuke and Shi-
mizu, 1993; Kagawa et al., 1999).

otef E AMZELel M= 3 Texture

a3 M= U texture S 5748 A 7= Table 63+ 2t
E(L¥)= 40.9, AT (a¥)s 2.1 2 =4 kS Uehdon,
Az (b*) = A ZHAE)= 22 10.0 9 57.8% LrER T Al
2 A ED v WS v HEe} e 7k7) 2uf o)A =t
on, AME= g9 19l HAE S et 1e|i 13 Al
A& 2] 45 7]3F 917K (Heo et al., 2024b)of| A = 71 o] M=
77} 33,33 (L¥), 1.63 (a*), 10.13 (b*) % 66.11 (AE)2}aL 2.1
stol, uhf Hofl v AN == o] g yeRth g Kim
etal. (2017)2 wfjAYo]E 7sto] Al2gt 3 F-zbof A= uijAy
o] Hrleol S7FerE WA=} S71ekAAL, E A TR
o} microwave#] 2|8t A% =AM w7} ¢ oAl 519l wh
2ha] i Are] bl 3] AJAIE-S air-frying A 2] 2 <13] chlo-

N ot of
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rophyll®] ¢Hg/do] FAH A &2 AR | STt

el Z AJA&Z2] hardness&} brittleness= ZF2F 7.6 N 2 9.8
No & Al 73] A& texture ot tiA| 2 &7 vepydot
(Table 6). o]= el 3 Al A] F/44(13.20%) 0.2 71 7
o 722 42| 9] J3Fel A o7 AR Eri(Jeong et al., 2023;
Heo et al., 2024b). E3F, F & 25 44 21 o=
(P<0.05)0| A Al Al o] FAH 02 {oJ8HA] =& 423
= UelitK(Table 6). 22]1} Lab-scale®] 2|4 7oA A=
= lef Z(Heo et al., 2024a)2] brittleness (7.00 N) ZHH ch=
T} £01(28.5%), Lab-scale?} Plant-scale 7+ 2 2H30% ©|
W7k & & 5= Atk g 7 - AlAIE oA = hardness
2} brittleness= 22} 8.49 N @l 7.23 No|2}iL & 1515 th(Heo
et al., 2024b).

o2 & AMZe 2y &7182
=]

ahef o] A 714
off Uebillet. & 3270 sighEol A== 8o, of= dds|l=
7108, AlER 4%, FEALRIET 75, TEF 3E,
WS 3%, 7R 3% H 7IE SE R 28080
SreFd o) A A3 EH7} 3,243.27 ng/go & 71 W oF
olglom, the o g FetslEF 3,076.72 ng/g, ek 452.51
ng/g, A= 387.99 ng/g, T A 313HEF 296.90 ng/g <2013

4,000
3,243.27 3,076.72
3,000 |
G}
(o]
£
= 2,000 |
c
3
I+]
£
<
1,000
452.51
387.99 296.90
- 86.43 124.24
0 - ——— [
Aldehydes Ketones N-Containing ~ S-Containing Aromatic Furans Miscellaneous
compounds compounds hydrocarbons

Fig. 2. The amounts of classified volatile compounds detected in green laver chip prototype made with reaction flavor solution.

Table 6. Color and texture of the green laver chip (GLC) prototype

Color value Texture (N)
Sample -
L* a* AE Hardness Brittleness
GLC 40.9+0.2 -2.1£0.2 10.0£0.1 57.8+0.1 7.6£0.1 9.810.4
Ref chip' 19.3+1.7 0.7£0.1 4.0+0.6 80.8+1.7 4.910.1 6.91£0.1
t-value 21.9* -21.7* 17.1* -23.4* 33.7* 12.2*

'Commercial snack made with laver (D Food Co.). L*, Lightness; a*, Redness; b*, Yellowness.*P<0.05 by t-test.
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Table 7. Volatile flavor compounds in green laver chip (GLC) pro-
totype made with reaction flavor solution'

(ng/g)
Compounds by classification RT? RP GLC
Aldehydes (10) 3,243.27+166.34
3-Methylbutanal 7.79 839 951.16x43.49
Hexanal 13.71 1063 316.81+31.80
Heptanal 18.60 1165 436.43+21.53
Octanal 23.95 1279 121.78+7.38
(E)-2-Heptenal 24.91 1299 824.66+31.45
Nonanal 28.21 1372 381.86x17.77
Benzaldehyde 33.45 1490  116.05£5.63
3-Ethylbenzaldehyde 40.83 1674  14.42+1.54
2,4-Dimethylbenzaldehyde 41.63 1695 34.86+2.27
(E,E)-2,4-Decadienal 44.65 1778  45.24+3.48
Ketones (4) 387.99+63.61
2-Octanone 23.24 1264 32.53+4.93
3,5-Octadien-2-one 35.50 1541 137.42+22.78
a-lonone 46.19 1821 84.86+21.92
(E)-B-lonone 49.17 1905 133.18+13.98
N-Containing compounds (7) 296.90+35.03
2-Methylpyrazine 2212 1240 51.32+5.44
2,5-Dimethylpyrazine 2526 1307  54.191£9.55
Ethylpyrazine 25.35 1309 48.4516.47
2,3-Dimethylpyrazine 2586 1320 57.48+7.64
2-Ethyl-6-methylpyrazine 27.72 1361  40.10£0.71
2-Ethenyl-5-methylpyrazine 32.13 1460  37.95+£3.65
2-Isobutyl-3-methylpyrazine* 37.97 1602  7.41+1.57
S-Containing compounds (3) 3,076.72+444 .41

4.99 738 2,815.69+423.80
13.27 1047 201.80+14.28
27.48 1356 59.23+6.33

Dimethyl sulfide
Dimethyl disulfide
Dimethyl trisulfide

Aromatic hydrocarbons (3) 86.43+12.69
1,2,4-trimethylbenzene 22.99 1258 61.20+8.72
O-Cymene 26.61 1337  11.63+2.15
P-Cymene 27.04 1346  13.60+1.82

Furans (3) 452.51+122.01

20.88 1214 356.13+109.08
2-Furanmethanol 38.89 1626 79.67+11.34
3-Methyl-2,3-dihydrobenzofuran* 43.22 1738  16.71+1.59

Miscellaneous (2) 124.24+14.04
4,5-Dimethyl-2-isobutyloxazole* 26.09 1325 62.57+11.78
Caryophyllene 36.94 1577 61.67+2.26

!Concentration (ng/g) of each compound was calculated as a rela-

tive content to hexyl acetate (101.14 ng, Internal standard) (fac-

tor=1). 2Retention time (RT) on Elite Wax capillary column. *Re-
tention index (RI) on Elite Wax capillary column. “Compounds
were tentatively identified by mass spectrum (NIST data) only.

2-Pentylfuran

d

o, Uz = 7[etelRHEF 124.24 ng/gd} kS skRbE
86.43 ng/g?] <&=0]3lth. Ats| EF AL S EF S EA
&2 Z(Ahn et al., 2014a; Kim et al., 2023) 3-methylbutanal
o] 951.16 ng/g® 2 714 wigkom, che0 2 ahefel A feit
Aoz FAEE ZWA(green, fatty odor) (Shi et al., 2021)
£ 7[A]+= (E)-2-heptenal©] 824.66 ng/g®] @3tO ™, heptanal
(436.43 ng/g), nonanal (381.86 ng/g) Y hexanal (316.81 ng/g)
O] ol it} AH|s| =Rl A F 4 E aFghE-2 Al = C6-C10
ALY alkanalF7} 7321, alkenal [(E)-2-heptenal] 2
alkadienal [(E,E)-2,4-decadienal]= HZ%|qlch ®eFEad|
3] E350]| A= benzaldehyde 116.05 ng/g& A| 9|8}l L 7]
(3-ethylbenzaldehyde, 2,4-dimethylbenzaldehyde)= A5 &
At the0 2 FAE FFALBAES alkyl (E= alke-
nyl) pyrazine 527k o E-E0] 947 0] 52 nutty 3RS 7HA = B3t
=(Heo et al., 2024a)Z 4|, strecker degradation= 53t Mail-
lard reactionS £5}0] A H= 202kl B A% Tt(Cho
etal., 2010; Cha et al., 2020a).

FeeHEF ol A= dimethyl sulfide”} 2,815.69 ng/gC. 2 &+
F3letE AA129] 91.5%S ZFA|5FAAL, th2-2 & dimethyl di-
sulfide (201.80 ng/g) ¥ dimethyl trisulfide (59.23 ng/g) <°|
Ut o5 2449 alkyl sulfidefi= F=2qHd, Anks 9 =
2]k ol -2 7Pt 1%l 2 (Anness and Bam-
forth, 1982; Cha et al., 2020b), 2V} & 2] 7} Yo} dimethyl sul-
fide (30 ppb) (Anness and Bamforth, 1982), dimethyl disulfide
(12 ppb) 2 dimethy! trisulfide (0.01 ppb) (Cha et al., 2020b) &
A ol shghEol whef o savorydFol] FH JdS Ao w
AtRE R o5 A5 Y 8 IEF= ST AIE Al
=221 methionine®] methional (3-methylthiopropanal)
2 AA AAHE ASR Bo|H(Cha et al., 2020b; Heo et al.,
2024a), A48l A4 glucoset B-3-31] pyrazine 7} &ol A4
H Z 2 & Holtk(Yuand Ho, 1995). Heo et al. (2024a)-> Lab-
scaleof| A] A| 23t utef Hof A= e astaR7(18%)% o
©]2,359.92 ng/e O.% 714 tko| A2 ¥ 9lthT 51901}, Plant-
scale®] AlAlEOIA = dols| = 2 SHelRtERrt 7HE B
o] AZE YL, FALIFEL o A2 Fo| AEH AR
Kol air-fryer (60-80 sec, 195°C)o| 4] 7}¥ 3t Lab-scale 71
& A9 9 air frying conveyor (140 sec, 210°C)l| A A 2]
% Plant-scale 7+2] 54 #folof4le] 22}z AZFE|lc. T
3 fre= A E T Foll A<= 2-pentylfuran (356.13
ng/g) ¥ 2-furanmethanol (79.67ng/g)°| tJFE-S XA 513 =
], o] & 31-E5-2 burnt sugar, sweet U bitter WAHS 7+ ch
T3 5] 9JtHCha, 1994).

gl 3 AlAIEIA 578 AEF4F)ol A= 3,5-octadien-
2-one (137.42 ng/g) Y (E)-B-ionone (133.18 ng/g)2] 3}3t=
o] 7MY W2 F HEE =T, ol & 3R S yellow tea
9] aroma-active3}gHE 2 A] 22} green (= fruity) 2 violet

A
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Table 8. The results of the sensory evaluation of the green laver chip (GLC) prototype'

Sample Color Taste Texture Overall acceptance
GLC 6.33+1.482 6.20+1.45 6.56+1.41 6.53+1.29
Ref chip 13 7.13+1.13 7.56+1.07 7.47+1.13 7.64+1.06
Ref chip 23 7.36+1.57 7.62+1.68 7.5111.44 7.58+1.57

"Nine hedonic scale method. 2Mean+S.D (n=45). *Commercial snacks made with laver (Ref chip 1, C Food Co.; Ref chip 2, D Food Co.)
were purchased in local market. Means with the same superscript are not significantly different according to Duncan’s test (P<0.05).

E= floral) HANE 7HIThAL SHITKSh et al., 2021). E3F 0
= 529 927} 242} 150 ppb (Cha et al., 1999) 2 0.03 ppb
(Plotto et al., 2006) v Lro} 7}ef 2] 5l 37|14 ef 22
A 71eole Ao g2 Azbe|giek. whaba 2wkl 3 AlAlE Az
ol A HH-8-8F G- = 2 A A ¥| 3-methylbutanal, dimethyl sulfide,
dimethyl disulfide ¥ dimethyl trisulfide 53} 22 315h=5+
ol A F2et (E)-2-heptenal, heptanal, nonanal, hexanal,
3,5-octadien-2-one ¥ (E)-B-ionone 5} -2 31HEH71 11
= AR O] vl w2 A & Qlske] ufe 3 AJAIES] S5 3
e AA 74T Ao 2 AR E ST

o & AlMZe 2sdAt

e 3] AJAIES] s AAL A= Table 83 2tk 42 5
4578 /o= 394 ™A color= 6.330] %1 1L, taste,
texture ¥ overall acceptance+ 212} 6.20, 6.56 4 6.53. 0.2 ]
A2 S ghe AoAek. T o 2R A% A AR ST
H| 1w gh Ay ohas W 7S Bl ou FAF o= o4 A
o]= 31 TH(P<0.05). Textureo]| A AT 0 2 Lo At 2]
A|%Z 2] hardness®} brittlenessgH(Table 6)0] A|% A Zo] v]3]
BE7F =2 Jlo] anAke] 7| B kof JeFe n|Rl Ao ® AlR
=), colorof| A = Al 7] AW Q] L* a* 9 AE Zf(Table 6) 2}
o7} JakS u|X Ao 2 AR E S, overall acceptance©] A]
T 23 At vepd Ao 2 AR E o] st ATk ol
A AAE] = Alsoll -8 5= 2ol E& #rtope}, i
R b air-frying 2] 2] of) o3k A A kol 24 e ot
F AT B, AR 7 24lF70] Bhof] 237t | AE2] fut
Tz thas 2po| 7} Q1SL7] wiitol ek A ZbE| qlek whebA gfo g
fred g AlEE aHRR] QA EE ol nHAIR At 3
Al 28|AFO] Ul ZHA7| = FRES BAo] Bad Ao
2 ALz g,

ol Ays Aeshd 4 B vl S FYU=E Plant-scale
2 A x23 s 2m o 2l ke 7171 13.0 g/100 g 2
13.5 g/100 go. & ek AZo|glom, 2Auke 712} 0.5
/100 g 2 0.7 g/100 g& = Wk} 7] o] F-4Jopn| At oF
2 11,810.2 mg/100 go]AE=d], o] FollA Brotn| ik
A9l 33.0% (3,999.3 mg/100 g)S *}A|5}% 1L, branched-
chain amino acids (BCAAs)+= 18.6% (2,201.0 mg/100 g)=
2|5} et 7l 28 8.292.9 mg/100 go] G =t B0t

WE
“

AR 48.5% (4,024.7 mg/100 )5, BCAAs+ 17.1% (1,418.7
mg/100 g)5 AHAISHITE 4 9 st O] fr2|obu]izibof A
= oS 714 &= ofu| 1o AkR (threonine, serine, glycine & ly-
sine)7} 2+2f 143.8 & 136.0 mg/100 g© 2 713 Wkt of
O 2 W88k 5= & AAH 3-methylbutanal, dimethyl sulfide,
dimethyl disulfide ¥ dimethyl trisulfide 53 3ol A 5
3t (E)-2-heptenal, heptanal, nonanal, hexanal, 3,5-octadien-
2-one % (E)-B-ionone 52 3}gtE50] ok 3 AlAIES 5
a4l A 7]olg AoR ARE Ik B57AL Az
7| 2512 6.20-6.56 HH(OHF )= thA| = AgstA o,
S AR AT 2% 7] 54 GRS SI5 27 At B
sy,

Al AL

B Q17 2022 SjeAb Ao ' Saalokalel] 4
FKIMST)2] MZAt) A5 24 A8 47]4 28 HMR
SAVBAE AN 8 AESHEH M E:20220337)9] AT D
20241 A}E2]OFERLA A 7 7]2H|(RS-2024-00397633)
= 438 ATy,
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