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Quality Characteristics of Rice Paper Roll with Frozen Rainbow Trout
Oncorhynchus mykiss Meat Treated with Polysaccharide and TGase

Hye Min Park’, Jong Bong Lee’, Byoung Kyu An, Woo Jin Lee, Jung-Jin In, Hyeong Gu Han, Seung
Ah Son, Yeon Joo Bae and Kil Bo Shim*

Department of Food Science and Technology, Pukyong National University, Busan 48513, Republic of Korea

This study was conducted to optimize the rice paper roll processing conditions with frozen rainbow trout Oncorhyn-
chus mykiss meat (RPR-FRT) treated with polysaccharide and TGase using a response surface methodology and
to examine their quality characteristics. The RSM results for the RPR-FRT showed that the optimum condition for
the garlic-pepper mixture was 21.2 g and that for starch was 22.6 g based on 150 g of RPR-FRT. The RPR-FRT
contained 58.47 g/100 g of moisture, 8.57 g/100 g of crude protein, 3.28 g/100 g of crude lipid, and 1.00 g/100 g of
ash. The vitamin E content was 1,010.91 pg/100 g. Based on their contents, the samples could be considered good
supplements for P, Cr, and Se. The RPR-FRT contained unsaturated fatty acids (75.84%), DHA (10.33%), and EPA
(2.56%). Anserine, arginine, glycine, and taurine accounted for 41.93%, 11.27%, 7.13%, and 7.00% of free amino
acids in the RPR-FRT, respectively. The sulfur compounds in the RPR-FRT constituted 73.16% of the total flavor
compounds. The RPR-FRT prepared using the optimum conditions was superior in masking off-flavor and showed
improved nutritional content.
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AN B2 2 Ast, A vlE S4 59 EAIZE B 4= Qltk(Lee
and Kim, 2021). =3+ FAN$01 S 7l5E 02 o] 8 A] o7

A Eo = dol dojutol &b hEA A 4= FA o] vjgdfjet Sol&el & WA gt A7} Hrh(Lindholm-
ojFolm, Sejutete] FR| G| FAZ 1965HHE AJZe] Lehto, 2022). 52 o] 52] vy 5 &L a3t o] EAl= vt
o] dAf AZE A7F AY4EEFo] 3,000 W] ot FAAE A7) (masking) 52| 24-& £3f 7|45} (Kang et al., 2021),

ANE = HF-E AAOA Sigtoly e o2 AnlE
=, COVID-19 Atel] 502 AB|A50 AT} Folw
of| uf2} AH|gFo] 74481 th(Lee and Kang, 2017). 48] 7+

FAA8 9 A FAE SllEsH7] 18l transglutaminase
(TGase) ¥ carrageenan®] 281 o] 115 a1 Qltt TGases
A7 0] 8-2] 79 T A7) Ak Bl LEANE A5t

e

At BB OB AT k] o] ARZe]
Aok, A BORO) AR BEOR thR 7|51 9
o} olelg AR S BABEE Bad Al7]ol S5 stel 4
AP B Ui ALSSH ST, 52 A% WeA] % 3t
Holl A AXEA 247 A3 W = (drip) WO <3 F

et HkA9] sk ko 2 A7 WA ETE 7R 0 (Lee
and Chin, 2010; Sun and Holly, 2011), carrageenan &7} A] &
2] g0 2 o5t A B4 A ET7} R 15| cKSon etal,
2009). FL ho] o] W S o 85k CIUT 58 W o]% AFE
o] ZAIEIL Qlizu, eholamloluliz 5712 AXele A9 &
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S AIZES 7HA] AL, F14 79 vpAket AgEE 7HA vl AE
715 ¥aL QITKaT, 2020). 2to] 2| o]H = 78 I A%
2 235020199 U 29,289 G 2 HA| H7 7+
Z 2016 5E F T 537 =N 1915 Ak 9loH,
:’—TE}O]/\ o] = 22%2] H] 8-S AR5} Q). Edt o)
Auo]H= A A ollA] Av]EFo] F7FekaL QIrkaT, 2020)
uhepa] 2 Aol A= TGaseS&} carrageenan ©]-g-aho] 24
< JHAS 52 FAUNEOSE gtolAmo| ol TxF A2
A T ol o] H &5 7H‘”6h-1} F’“‘EP ol flst
o] FA|7lE0 9] Bol&Ql & WA | el vk 2
T35 FA RS A NS 15 M E2] 2 715 ol
o] HE HAR22AE Fax spglon, 24 Az

1 [o o

08 AzE BAANEo| eholuo|sEe] BA, G B
PR S EA BHE dEsHc,

=R

W]

H Ao Y= AFESHE Z] 7§<-o1(Oncorhynchus mykiss)
2022 69l AAERE Aol YR FAl A BlAdE
S} A| = o] M I ‘41”2 AABEA -20°CellA] 1714

ol & AT Ao, AAUZ ERF - 4°Col|A] a5
3lo] AR5t TGase (Yiming Biological Technology Co.,
Ltd, Taixing, China) ¥ kappa carrageenan (ES Food, Gunpo,
Korea)2 2-z}olof| A Fulj 519 11, 2~(Sajo Daerim Co., Ltd.,

Ansan, Korea), &5=(Ottogi Co., Ltd., Anyang, Korea), %1

(Young Heung Groceries Co., Ltd., Eumseong, Korea), t}#1

tl=(Greenpia Co., Ltd., Imsil, Korea), #42(Ottogi Co.,

Ltd., Anyang, Korea):= F-AFZIA] GE 4] 9] nlEo] A -
S

ASHA] 71]] Q, H (central com-
posite design)of| w2} 5T -‘?—iﬂ skl &4 FAINEo %
150 g& 7|02 SR SsHsE 3 7]'6} 115‘2«] A&

£ AR AT 5 SEHPE SHTIATHY , texture; Y,
overall acceptance) duEE-S Sl TS HstE e ‘I]
4719 FE.Q o] A (fractional factorial design), 4702] =%
(axial portion) ¥ 371 2] 541 % (center point) 2.2 -LAd35}0] A
A5 tH(Table 1).

HIS EHEMHO| 3|7

FANEARE 37| 59 7 E48S 17171 f1s ol &
3 ubs- 9 238 9 AR 9 A4517] 18] MINIT
AB A 2 I (Ver 19; Minitab Inc., State College, PA,
USA)E o] §te] 317124 1l H=j3he A5,

FANZ AR 11557 AR Y 235 EYj2 45 o
Aol et A == 3 Algs W AR 23S gelskgitt

Table 1. Experimental range and values of independent variables in the central composite design and central composite design matrix and

values of dependent variables rice paper roll with frozen rainbow trout Oncorhynchus mykiss mince

Range and levels

Independent variables
-1.414 -1 0 1 1414
X, 5 8 15 22 25
X, 0 15 40 65 80
Coded value Response Response
Run no.
X1 X2 X1 X2 Y1 Y2
1 -1 -1 8 15 271,067 4.78
Fractional factorial 2 1 -1 22 15 261,333 5.50
design 3 -1 1 8 65 348,433 3.33
4 1 1 22 65 321,567 3.50
5 -1.414 0 5 40 289,567 3.18
) ) 6 1.414 0 25 40 165,333 4.95
Axial portion
7 0 -1.414 15 0 209,100 5.50
8 0 1.414 15 80 322,633 2.85
9 0 0 15 40 261,100 4.83
Center point 10 0 0 15 40 260,100 5.60
11 0 0 15 40 330,850 5.03
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Fig. 1. Three-dimensional response surface graph of each dependent variable. a: X axis, garlic pepper mixture (g); Y axis, starch (g); Z axis,
overall acceptance. b: X axis, garlic pepper mixture (g); Y axis, starch (g); Z axis, Texture (N/m?).

E ANE 53 2d(model), 123} (liner), 22F3H(quadratic),
2N (cross-product) H A9 Aod(lack of fit)e] 724 <l
Aol 5(P<0.05)5 =elsto] 7+ AF Avte] siddS A5t
Sich(Table 2). A3H4 1% F BEGHS AAslo] w217

(response optimizer)E A A3}t 5 ZH(coded value)S
Al gk(actual value) 2.2 3FAlkslo] 2|4 of| & | (predicted value)
£ A3 AES E39 A ¥ X (experimental value)2} H] w5}
th(Bezerra et al., 2008). Z} £&H 429 37 WA 4lof 2|3t 3
A £ 1= MINITAB 54 Z=2 2138 (Ver 19; Minitab
Inc) 2 o] 85to] Lrebujoieh(Fig, 1). 2 Aso]4 uhS 221z
O ZR AR W7 ANE 7N e R ST Y & s
7t 5 Algrol A g7k §k9] 7 & (hardness, N/m*)y&
olgstlon, Y, = teE7t A0 B TYIT LR o

A

L]

>~

]

it

SZ FANS0SS 08T 20|AH0|HE MESH

20°CollA FAE FATNES-S 4°CollA 3llE <+, chop-
ping 3o} FH|3}4t). o]%(Lee et al., 2023)°] w2} TGase,
carageenan A 501% F32] 199} B 42, Bz, 7
A2 #71s1o] food processor (SF-100; SAMWOO Industry
CO., Daegu, Korea)E ©]-8-51¢] 12} 117]ZHo] 519 ov, HE,
TFs-52(9:1, wiw) TIHES H7psle] 22} 117|170 8Hc).

Table 2. Polynomial equations calculated by RSM program for rice
paper roll with frozen rainbow trout Oncorhynchus mykiss mince

P-value

Dependent

. _ R2
variables  Model Linear Quadratic CT0SS Lack

product  of fit
0.865 0.396 0.61
0.479 0.647 0.94

Y 0.306 0.817  0.712

1

Y 0.005 0.0025 0.028

2

FANEoIG FA 7 S go|ado|H 2 Wol E |
2P, 100°CollA] 1087 5712 A 2]st$lrkFig. 2).

24 5%
B4 242 Casas etal. (2006)S ¥ sto] A5} 712

80 mm, A2 20 mm, %°] 10mm= JFH A ZE 10kg 2=
Ao] ZF2kH texture analyzer (CR-100; Sun Scientific Co., To-
kyo, Japan)ol| AtH-& 2|3 probe (WH] 20 mm, % 20 mm, =
o] 10 mm, 7} 40°)E “g2ste] Almg ddsto] 4 = (hard-
ness, N/'m?)& =45}9c}.

I E 242 AOAC (1995)2] wof whet Zlsdstgict.

A7, 2 A2 semi-micro Kjel-
dahl®¥], 22|92 soxhlett], 3|5 24 3]314 & o] 88t 2+
ZF 2Alskeich

x84 HlERD Bl £

HIEFY A 9 E= 453 A(MFDS, 20222)00 4 ¥ it
A A 2upE T o] o5k A HEsto] AAe] H
Askoict vlEtel A 9 E9| gHf 242 o] AH|o|HE 5 g5
AlEE(MFDS, 2022a)0] w2t & 4 53 %, 3 mL gt
&0l o] A[F-EA e g o] §-53]rt

HIEM A9} EQ] E4 A] C30 column (Develosil RPAQUE-
OUS; Nomura Chemical, Aichi, Japan; 4.6 X250 mm, s—5
um)o] A2HE HPLC (1260 infinity; Agilent Technologies,
Santa Clara, CA, USA)& AR89 o, A 25:1=30°C, o]
B2 methanol 95%%} formic acid (99%; Samchun Chemi-
cal, Seoul, Korea)Z 0.1%7}3F water 5% £35}] 1.2 mL/
min =2 FAsH3AT

o Mr b
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F7142 AR AAY Al At 54 A28 AR 03

< microwave -2ll-8-710] Fste] 65% A4 10 mLE 7+t
%, Microwave Digestion System (MARS-6; CEM Co., Mat-
thews, NC, USA)S o|-85to] AlRS EaliotHTh(1,800 W,
190°C, 45%8). B 52 50 mLE A& 5, SmLE Fslo] & o]
%2 20 mL H$ato] A0 2 ALESIILE,

F7179] B2 A &5 H(MFDS, 2022a)0] whel ohg 57
Z19] 79- ICP-OES (Optima 7300DV; Perkin-Elmer, Shel-
ton, CT, USA), u]=F £7]% 2] 7$- ICP-MS (NexION 300D;
Perkin-Elmer)2- o]|-8-5}o] E443}3ct.

X|E:CI>I-A|- Stk i?gl

A HPARS- chloroform-methanol (2:1, v/v) £¢Fo8-& & Gu
2 A8-31= Bligh and Dyer (1959) H 2. & &3t}

B 33522 glyceryl triundecanoate (98%; Sigma-Al-
drich, St. Louis, MO, USA) 1 mLE chloroform -£-}o] =
o] 10 mL7} ¥ %% sF3ieh AE-3-%(MFDS, 2022a)°] whe}
methyl esterdt A "AHS SPTM -2560 FUSED SILICA capil-
lary column (100 m X 0.25 mm, 0.2 pm; Supelco Inc., Belle-
fonte, PA, USA)Z 25t GC (Shimadzu 17A; Shimadzu
Seisakusho CO., Ltd, Kyoto, Japan)& ©]-§-5}o] 2415}t

Qalofn|i=dt ster &3

fFElotu|leAke A& 5 gof 5% TCA (trichloroacetic acid;
Sigma-Aldrich) 15 mLE 7}5}%] homogenizer (9,000 rpm,
12)E ol-&sto] AR & A2 A 30 HA|A|A chld
= AAAIZ . AR (8,000 g, 152) 310 452 lithium
loading buffer (pH 2.0) 50 mL=Z %83t % 0.45 um syringe
filter2 oJ¥}5}0 vialoll Ho} amino acids analyzer (L-8900;
Hitachi-Hitech, Tokyo, Japan)= 433} 4t}

I st B

7)1 A BS A& 2 g5 40 mL amber vialo] B-& F silicone
septa (22 mm; Supelco)T} screw cap .= UE-5}0] 40°C -2
204 1A|7F 5<%t SPME (solid phase micro extraction) fi-
ber (50/30 pm DVB/CAR/PDMS 2 ¢m; Supelco)o]] S2}s}¢]
FEEES sl9th FF0] £ $, SPME fiberg GC injec-
tion portoll 4 250°Ce] £.5 2 2871 Aekaaheltt. g7 e
7171842 93 GC-MS (QP-2010 Ultra; Shimadzu Co., Ltd,
Kyoto, Japan)& A5+ 31, DB-WAX column (60 m X 0.25
mm i.d., 0.25 mm film thickness; Agilent Technologies)= Ak
431t Carrier gast= Hes AE3Fo™ H<45-2 1.0 mL/
min, =42 split ratio 5:12 473131 th. Oven programming
2 50°Col| A 2827F G4 &, 210°C7HA] 2.5°C/min®] £ 2 A}
SA|A 28 ZoF 5-2]5}91 31 mass spectrum-2- 70 eV, full scan

modeof| A 35-400 (m/z)¢] H 9= 28 st3ict. oFhE2] 44
B Aok A9 E S NIST (National Institute of Standards
and Technology)®] ZAgF A EH t|o]E| ¢} v]alsle] 4=3)35}
Fow, AR AL 1 2-Dichlorobenzene-d4 solution (2000
ug/mL, Sigma-Aldrich)& 2 EZE 12 A5} RI2)
73-% Alkanes (C7—C30 Saturated, each 1,000 pg/mL; Sigma-
Aldrich)Z A8-3}o] #|AFs}9 a1 0] 2 NIST (National Institute
of Standards and Technology) 2}o] 2 22|} v s} ¢t}

T .-T
1,=100 X [r+(N-n) JTA%D—]
LS

1,, Kovits index of compound A

n, Number of carbon atoms in the smaller n-alkane eluting
before compound A

N, Number of carbon atoms in the larger n-alkane eluting
after compound A

T, Retention time of compound A

AP

Tzn:, Retention time of the smaller n-alkane eluting before
compound A

T, Retention time of the larger n-alkane eluting after
compound A

|7l&01 55 0]-8-3t gho| 2o HE Al 25 1%
AR vhs-F3 BB ARe] A4 Wigh S 245 9
sho] A1ZH(Y |, texture) B F%7] S %(Y,, overall acceptance)
o] ATIAE BAREA(ANOVA test)et A3}, A7) 79
model®] -2]/d0] 0.05 o] o2 Aot = 75131,
TR 5 A9 AT AR RVE 0942 1o 27
3ol Zgkel w3y o & 7HEsldth(Isa et al., 2011; Shin et al.,
2020). Ajz+e] W3l Aol A nhs-55 =] M7kl 10
g ool A STFSHATE, o] o A sk BEE Hlal, A
S A7EE HlE A o2 AR ST AR 23
FP|EEE 473 amon Auel Wl et 2t
A wobgla, nhs-F5 E5kEe] Yrle} ulEH or Sl
A Btk 2k Bamiso] Bt A A AL 7H 7]
TAJo] =0 x| 7O B4 ZH225.55 X 10 N/m?) 0.2, 37| 5
S Aoz AAstych HA2AL -5 EFE]
212 g, AHo] 22.6 go & el on, EolEE L= 09962
& 457} A 45}cha Bt Table 3). Tebd 52 %
ANE 52 o83t ol Ao H & A2 E 917t 24 g
= FEANEL 150 g& 71522 TGase 1 g, carrageenan |
g 8 9g Bn205g 2506 g vhHe-F5 e 21 gt
A2 23 golul, A2 g1 o] 3 £ TA oS 100 g
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Frozen rainbow trout (100 g)

Thawing at 4°C

(<]
g FAMSASS o8t E'Jr V\Jﬂol HEe] e
£ 5847 9100 g, % EJJ g2 8.57 /100 g & =AY 3
2328 g/100 g, 3|5 FHFS 1.00 ¢/100 g, BH=3HE Fheko
27.72 81100 g0 Ak Table 4). 191 A b0l 5:0] |
e 71.9 g/100 g, A2 20.5 g/100 g, 2 A T
3.46 g/100 g, 35 12ke 1.31 g/100 go|thUSDA, 2019a).
ole] gt Zfol & o] 2uo]w B A2 A o] iulo]uo] u] & |
o] oF 30% Zho| Ao 7 W HAR Hrjo] WHE u]& Wt
2 gekgch golaso|n Be) ujekyl gre vigk A gy @
O] 3.40 }/Lg/l()() g H]E]‘E'l E 61—3}:0] 1,010.91 ug/lOO g_o.i H] | - 1% TGase (1 g) and 1% carrageenan (1 g)

o oft

Chopping

1st addition

- Soy source (9 g)
el E9] A% 100 g A2 A Aole] 19 PAHA 2|kl 12 mg 1 o :gglst.tg.;c;l,;rce (0.59)
©) 8.42% 5£01EF. Wb, Aol sef wletl ke v st Grinding

B AS] H9 19 ng/100 g (USDA, 20193) vl E9] 7 |
Chen et al. (2008)f14] 1,650 pg/100 g =02 HI1EA1

t}. glo] Ad|o]w = o] u|elul sleke L& tjn)] vjefu] A 2 E 2nd Grinding <3 2" addition
Z¥7+ 20%, 60% S=Z=0]t} vl EbY A 2 EQ} 72 2]-8-4 vlebql | :Staarrl‘i;;z?gpseg;’]ixture (14 g)
& ALAFE A Abare] ke E GlE u] 53] Eehdskar, AE '

AVSFE T} Al4:5] BFe-5h Bk o) ox, Ab2eo]] 9JBFS o) Wrapping rainbow trout mince roll with rice paper
HH=TH(Ottaway, 1993). gfo] A H|o]# E 7} FA]7lE-01 12 |

Ehl A W E 0] Aol BAIE HIbR olat fol g ul & 7

G 7 22 Al 9, 57] HE0R Ik 2184 veile] o

Steaming at 100°C for 10 min

H g}y kv
A Ih = g Fig. 2. Optimum processing procedure for rice paper roll with fro-
27|& &haf zen rainbow trout Oncorhynchus mykiss mince with 1% TGase,
) 1% carrageenan, garlic-pepper mixture, oyster source, soy source,
A FAMNESE o83 2ol & Holy Eof v 7] salt and starch.

Table 3. Optimal conditions predicted for preparation of rice paper roll with frozen rainbow trout Oncorhynchus mykissmince obtained by
MINITAB program

Response value X1 X2
-1.414 0 1.414 -1.414 0 1.414
T 225.55%10° ag— 1 | 225.55%10° ag L1 1
Y, C 0.09 22 -1.413 22|
A 15.07 27 0.03 27
-1.414 0 1414 -1.414 0 1.414
T Max sg_b—L Max ag— b |
Y, C 0.56 a2 -1.07 a2 |
A 18.9 9.69 |
27— 27—
Multiple C 0.88 -0.80
Response A 21.2295 22.6594
optimization P Y,, 225.95x10°% Y, 5.6056
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A9 ] 771 eSS4 AvHs Table 59} 2t o]
2fo|HEo] T 7714 F FSHF71=(MFDS, 2022b)
FE5EO| 2579 74L& P, Cr, Sel. 2 712+ 99.38 mg/100
g, 17.75 mg/100 g, 8.89 ng/100 g TH-F-= ot o] A o]
= 100 g A% Al P, Cr, Se ZH2F Aol dA 19 8% A3
9] 14.2%, 59.17%, 14.82% SZA)1A F714 B 435 7]
i 4 9 RO oAbEt vhE FX7jEol %ol P 271
mg/100 g, Se 12.6 pg/100 g (USDA, 2019a)2.2 2}o] A5 0]
HE0] 7713 o] iAo ® Yt o]= 75 Al 7t

SR 3 eo] 2zl me| ofaf Fzpol T4 A0 Wik
Het 3 F713 91 55452] 745 Pb 1.63 pg/100 g, Cd 0.07
Hg/100 gO = YEpRit) & A9 gho] o] # &2 Pb, Cd
sheFo| grol o] <4 obd ] 714 Pb 0.5 mg/kg, Cd 0.1
mg/kg ©]SHMFDS, 2022¢c)o]| =2 FA ] 7|50l FH&s)%
=

NS,

O =
A FANEO S-S o] 83t 2ol Au|o|HE | A AL o
< Table 63 2}, gto]2w|o] w0 A HAL T LAY
At 9%, TUEZIARAF 8F, EVPEJEQZIHHP 1050]H,
ApAE 240 S SAE SRR 41.37%, T HE 23 A A
34.47%, EIAHAL 24.16% 0 & EXIIR|HHLo] 35 o]
Eth gholAado|HEL T8 A AARS Z3EA o] A
160 (1590%). 180 (479%), 140 (2.40%)0]9lo.n] EE3}x|
HPARS] 9 18:1n-9¢ (34.54%), 18:2n-6¢ (14.35%), 22:6n-3
(10.33%)2 YERHT. DHA (docosahexaenoic acid, 22:6n-3)
9} EPA (eicosapentaenoic acid, 20:5n-3)%= 2}o] 2|0 2o
717} 10.33% (187.44 mg/100 g), 2.53% g (45.91 mg/100 g)=
100 A4 A] 233.35 mge A & = Sl o]= 20t 41 &4

ol

HefF =
o T

ox

2 -‘?11711%‘_01%—,% o]-g3t go]2u|o|w £ 9] Fefot|
.01 mg/100 g& 2 UEelITtH(Table 7). =8 F
= OPU]}E*P/] 79~ anserine (41.93%), arginine (11.27%),
glycine (7.13%), histidine (5.13%), taurine (7.00%)°] It} F
A7NEo) T2 9 FANS S Fefotu]ieql 24 A
oA FANE FEH B 23F FAHNCH F ?j%‘::
330.9 mg/100 g, FA|7iE0] FHollA 27% =3
= 507.6 mg/100 g 0 = LERSITE. 2] 750 %ZE% o 5
8 FElopu] A2 alanine (6.0%), anserine (37.5%), glutamic
acid (20.7%), histidine (3.7%), taurine (6.5%)°]%11L, T2 7}
o9 F£Q falotu|=Ake] 79 alanine (5.8%), anser-
ine (29.5%), glutamic acid (24.2%), glycine (3.3%), taurine
(6.2%)°] A tH(Kang et al., 2007).

INE B 24

FATNEO1 S-S o] &3t 2ol Auo]H Fof A gl 3F
]*é—f‘._—% = 755—°i hydrocarbons#7| 39522 th &
A %)% 0 alcoholsH 15%
hydesi+ 6%, ketones+ 8%, acidsiF 2%
2%0] 5= 3l TH(Table 8).

o

ola)lt

, sulfur compoundsiF 125, alde-
, furans & pyridines+

Table 5. Mineral composition of rice paper roll with frozen rain-
bow trout Oncorhynchus mykiss mince

Mineral composition

Macro mineral (mg/100 g)

o 1Y FE A3 210 mgS 2EAZ 4= Oko]]:]—. o] Na 200.904.53
(USDA, 2019b)2] DHA ¥ EPA =1} B]wa}4lS o159 Mg 19.27+0.72
DHA, EPA &=F2 Z+7+ 182 mg/100 g, 333 mg/100 g2 & P 99.38+2.38
515 mg/100 go|t}. gto| As| o] & 2] FR|7fE0]8- Fhafe oF S 82.56+1.62
48%= FA NS0 2k Aol 2] DHA, EPA &2 2 Ato|7} & K 179.53+2.33
o= &4 Usleh whebA 2ol Ao w Eof ARk 24 B g Ca 11.89£0.09
Fe 0.56+0.02
Table 4. Nutrient composition of rice paper roll with frozen rain- Zn 0.45+0.01
bow trout Oncorhynchus mykiss mince Cr 17.75+0.12
Nutrient compositon Micro mineral (ug/100 g)

Moisture 58.47+0.83 Mn 115.01+4.92
. 3 Crude protein 8.57+0.11 Co 0.44+0.00
gﬁ’g[)”g;e composition e ipid 3.28+0.14 Se 8.89+0.01
Ash 1.0010.06 Mo 1.05£0.05

Carbohydrate 27.72+1.07 Heavy metal (ug/100 g)
o Vitamin A 3.40+0.28 Pb 1.63+0.01

Vitamin (ug/100 g) o

Vitamin E 1,010.91£70.72 Cd 0.07+0.00
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Table 6. Fatty acid contents (mg/100 g) of rice paper roll with fro-
zen rainbow trout Oncorhynchus mykiss mince

Contents Contents
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HEE A (Selli et al., 2006; Mahmoud and Buettner, 2017).
53] hexanal:> n-6 T RS RA AR 4hstof] ofsff A4 &
H - S AE WAGA.S ppb)ye 7ML ks B S
AEOIA T e A] Bafat WALE SurRCH(VSérot et al.
2002; Varlet et al., 2006). ¥Hd A&o] 7P W 7] A4
H ER32 sulfur compoundsF2 A E7Fe] 73.16%2 1+

ety acis (mg/100g) (%) Rt} 1 % allyl mercaptan, allyl methyl disulfide, diallyl
C12:0 (Dodecanoic) 429 024 disulfide, trans-caryophyllene®] 312fo] ko] o] w2 M)
C13:0 (Tridecanoic) 123 0.07 374 50] ZH7E 56%, 12.02%, 6.8%, 4.96% XHA]5HITH Al-
C14:0 (Tetradecanoic) 43.48 2.40 Iyl mercaptan®] 7% A}=H 0| 2] k31 SE3} ofulgFo] L,
C15:0 (Pentadecanoic) 466 026 allyl methyl disulfide'= nHs, %} gFo] ek, Diallyl disulfide
C16:0 (Hexadecanoic) 288.48 15.90 4l trans-caryophyllene 71 %38}l B4 = L}HEE0 & (Rl
C17:0 (Heptadecanoic) 526 029 U552 S5HEof 93} gk0 2 of|AbE T}
C18:0 (Octadecanoic) 86.96  4.79 7| AR B Ayl vls 9 S20|| A 7]213k 3Fr|AdE o] A
C20:0 (Eicosanoic) - - A| 3FeFo] 70% oAk o2 Z3t 7| e yfufs- 3k S etEo]
C21:0 (Henicosanoic) - -
€22:0 (Docosanoic) 1.84 0.10 Table 7. Free amino acid contents (mg/100 g) of rice paper roll
C23:0 (Tricosanoic) - - with frozen rainbow trout Oncorhynchus mykiss mince
C24:0 (Tetracosanoic) 214 012 Free amino acid Contents (mg/100 g)  Ratio (%)
2 Saturates 438.33 24.16 Phosphoserine 0.67 0.30
C14:1n5 (Cis-9-Tetradecenoic) 0.74 0.04 Taurine 15.76 7.00
C15:1n5 (Cis-10-Pentadecenoic) - - Aspartic acid 4.43 1.97
C16:1n7 (Cis-9-Hexadecenoic) 7217 3.98 Threonine 33 147
C17:1n7 (Cis-10-Heptadecenoic) 1.04 0.06 Serine 3.22 143
C18:1n9t (Trans-9-Octadecenoic) 2.01 0.11 Glutamic acid 10.85 4.82
C18:1n9c (Cis-9-Octadecenoic) 626.61 34.54 Glycine 16.05 7.13
C20:1n9 (Cis-11-Eicosenoic) 37.81 2.08 Alanine 7.6 3.38
C22:1n9 (Cis-13-Docosenoic) 5.01 0.28 Aminobutyric acid 3.62 1.61
C24:1n9 (Cis-15-Tetracosanoic) 4.95 0.27 Citruline 5.16 2.29
> Monoenes 75035 41.37 Cystathionine 0.79 0.35
C18:2n6t (Trans-9,12-Octadecadienoic) - - Isoleucine 1.64 0.73
C18:2n6¢ (Cis-9,12-Octadecadienoic) 260.38 14.35 Leucine 2.38 1.06
C18:3n6 (Cis-6,9,12-Octadecatrienoic) 8.52 0.47 Tyrosine 1.89 0.84
C18:3n3 (Cis-9,12,15-Octadecatrienoic) 54.88 3.03 Phenylalanine 1.95 0.87
C20:2n6 (Cis-11,14-Eicosadienoic) 29.12 1.61 B Alanine 0.94 0.42
C20:3n6 (Cis-8,11,14-Eicosatrienoic) 11.39 0.63 Aminoisobutyric acid 0.88 0.39
C20:3n3 (Cis-11,14,17-Eicasatrienoic) 3.13 0.17 tryptophan 0.87 0.39
gg&me (Cis-5,8,11,13,14-Eicisatetrae- 195 066 Orn.ithine 0.38 0.17

. o Lysine 6.81 3.03
C22:2n6 (Cfs-13,16-Docosaq|en0|c) 12.51 0.69 Methylhistidine 0.68 0.30
S;gs5n3 (Cis-5,8,11,14,17-Eicosapentae- 45.91 253 Histidine 11,54 513
C226n3 (Cis-4,7,10,13,16,19-Docosa a2 44 1033 Anserine e 41.93
hexaenoic) Arginine 25.36 11.27
> Polyenes 625.23 34.47 Proline 3.87 1.72
Total 1,813.91 100.00 Total 225.01 100.00
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Table 8. Flavor compound contents (ng/g) of rice paper roll with Table 8. Contined
frozen rainbow trout Oncorhynchus mykiss mince Compounds RI'  Content Odor description?
Compounds RI"  Content Odor description? B-Selinene 172580 27.89 Herb
Hydrocarbons a-Selinene 1,730.36  19.97 Woody, spicy™
Octane 79574 468 Gasoline® 3-Vinyl-4H-1,2-dithiin ~ 1,745.61  98.04 Ggarlic
2,2,4,6,6-Pentamethyl- I
heptane Y 949.65 5.14 Irritating 5-Cadinene 1,761.36 4922 g:‘yyme, woody,
a-Pinene 102081  58.38 ‘;Y:;g" resinous Hexamethy-oydolrsi 180011 13.26 )
2,2,6-Trimethyldecane ~ 1,027.92 2.30 - o-Phellandrene epoxide  1,814.59  48.66 -
t2,2,3,3-TetramethyIpen- 1,030.08 4.41 . Butylated hydroxytoluene 1,912.91  122.96 Slight, phenolic?
ane
) Decamethyl-cyclopenta- )
ﬁéittgﬂf'zs't”methyl' 1035.97 375 ) siloxane 1,932.66 10.11
. Sweet, fruity,
. . Caryophyllene oxide 1,99932 2744 LD
égf,? Tetramethyloc- 4 470 61 0.00 i ryopny aromatic
D g Acids
. , woody,
B-Pinene 110108 15350 L e ey Acetic acid 145370 591 Pungent
Sabinene 1.112.68 8.71 Woody, pitrus, Oxime methoxy phenyl  1,756.73 34.06 -
pine, spicy Sulfur compounds
3-Carene 1139.54  533.07 Fruity Methanethiol <700 6897 Garlic
B-Myrcene 1,153.44  141.99 E:Izg;r spicy, Carbon disulfide 73418  21.84 Ether'
Pepper wood Allyl mercaptan 887.23 1,907.56 Onion, sweet
a-Phellandrene 115620 3182 | SAPS A0 Allyl methyl sulfide 95493 4369 Sulfury®
L-Limonene 1,192.32  899.31 Cool, minty Dimethyl disulfide 1,07222  42.76 Onion
i Diallyl sulfide 1,143.08 297.69 Garlic
D-Limonene 120013 5583 Fresh.light, y o ,
sweet, citrus Allyl methyl disulfide 1,280.46 1,419.18 Fresh garlic®
Styrene 125466 255 Swegt, balsam, Allyl propyl disulfide 1,430.53  73.79 Fruity, garlic
705 667 floral Diallyl tetrasulfide 1467.31 317.93 Garlics
B-Cymene ool 67" Mid, pleasant Diallyl disulfide 1,484.0816,018.66 Garlic
4-Methyl-1,3-heptadiene  1,449.15 393 - Croamy, garic
Allyl methyl trisulfide 1,590.59 39299 *~° ’ ’
5-Elemene 1,469.34 257.22 \i‘(’)"ggt' herbal y y onion
y Dially! trisulfide 179561 320.05 Pungent, garlic
3,5,5-trimethyl-2-hexene 1,486.24 0.00 -
Pentadecane 1,493.06 17.76 Waxy’ Aldehydes
L ' o 2Butenal 1,039.94 923 Floral
o-Copaene 1,493.31 65.26 Woody, spicy H | 107953 10291 G
exana ,079. . rass
Ylangene 1,494.72  110.52 Pepper'® Y .
. Penetrating,
cis-B-Copaene 1,5639.96 6.69 - 2-Methyl-2-butenal 1,096.67  61.52 powerful, green,
cis-Caryophyllene 157202  64.80 Woody, spicy ethereal
B-Elemene 1,586.35  61.78 Herb Powerful,
Woodv. spi 2-Methyl-2-pentenal 1,148.12 3.50 grassy-green
trans-Caryophyllene 1,602.07 3,437.22 dr}cl)oclc))l’vtseplcy’ slightly, fruity
’ 2-Ethyl-2-hexenal 1,334.78  65.80 -
2,6,10,14-Tetramethy!- 1,636.14 0.00 Odorless 1.393.28 99.88 :
pentade cane Nonanal ,9993. .88 Fruity
ﬁg(’;ggc‘;;gtramethy" 166276  36.68 Characteristic Alcohols
2-Propen-1-ol 1,120.63 15.84 -
a-Humulene 1,675.05 164.58 Woody 1-Penten-3-ol 1160.65 0.00 Powerful,
Octadecane 1,692.99 7.44 Odorless T "7 grassy-green
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Table 8. Contined

Compounds RI'"  Content Odor description?
1-Pentanol 1,252.01 16.56 -
2-Penten-1-ol 1,321.76 0.00 Green
1-Hexanol 1,355.15  69.64 Ethereal
1-Octen-3-ol 145132 402 :g%eyﬁggsiwﬁzs
1-Heptanol 1,458.16 27.60 Citrus
Linalool 1,538.49 230.61 Pleasant, floral
1-Octanol 1,552.10 18.08 Sharp, citrus
Pepper, woody,
Terpinen-4-ol 160747  10.44 Sarth, musty,

sweet, spicy,
mentholic, citrus

Dimethylsilanediol 1,649.52  40.03 -

o-Terpineol 1,702.19  46.22 Pine®
p-Mentha-1,5-dien-8-ol  1,722.85  32.09 -
p-Cymen-8-ol 1,847.85 15.11 -
2-(4-Methylphenyl) 185368 3447 -
popan-2-ol

Furans & pyridines

2-Pentylfuran 1,225.87 17.36 Fruity

Harp, penetrat-

5-Ethyl-2-methylpyridine 1,422.76  40.06 ing, aromatie

Ketones

815.26 5.66 Melon
0.00 Ethereal,

2-Propanone

2-Butanone 903.55 nauseating
2-Pentanone 976.74 0.00 Ethereal, fruity
3,6-Dimethylundecane  1,011.39 6.16 -

2,3-Pentanedione 1,053.25 0.00 Buttery?

4,6-Dimethyl-2-hepta- 1.941.09 9.50 Fruity, sweet,
none o ’ menthol

1,288.58 0.00 Buttery
2,6,6-Trimethyl-2,4-cyclo- 1,710.21 22 41
heptadien-1-one

'Retention index. 2FAO (2022). *NIH (2023). “NIOSH (2023). *Abe
et al. (2020). *Shan et al. (2013). "Luo et al. (2020). *Chisholm et
al. (1995). °Hu et al. (2019). '“Parker et al. (2007). ""Froissard et
al. (2014).

3-Hydroxy-2-butanone
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