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Nutritional Components of Alaska Pollock Theragra chalcogramma Roe
of Various Grades
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The objective of this study was to investigate Alaska pollock Theragra chalcogramma roe grade distribution among
blocks and its nutritional components by grade. M grade roe was predominantly distributed in blocks labeled as L and
M (52.1 and 82.8%, respectively), and S grade roe was mainly found in blocks labeled as S (98.6%). Products labeled
as containing KB and KC grade roe contained 77.1 and 65.5% normal roe, respectively. Among the five roe grades
(L, M, S, G, and OffY), total amino acid content was higher in normal roe than in abnormal roe. The major amino acids
found in normal roe were leucine, aspartic acid, and glutamic acid, whereas G and Off grade roe contained leucine
and glutamic acid, but not aspartic acid. The calcium, phosphorus, potassium, and iron contents of the five roe grades
were within the ranges 13.0-20.0, 314.4-392.0, 124.1-157.7, and 1.7-2.2 mg/100 g, respectively. The five roe grades
contained total fatty acid contents of 765-1,252 mg/100 g, with no significant differences among grades. The major
fatty acids were 16:0, 18:1n-9, 20:5n-3, and 22:6n-3.
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£ {5t AeAxS & A AZES 0.2 M sodium citrate
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HZE 23719 2o, 7HE(150£5C, 400:2)3l= ¥4
Fil o wkEskRinh Heke] 771 248 A8
L2 ol 7]19] Aate] 1 mL Frer) HAES wf 23 E F=3t
312% Hak-ge o A-gafet tha, o3 9 4-8(100 mL)s}
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mass spectrophotometer, XSeries II, Thermo Fisher Scientific
Inc., UK]ol A& 8-2(50 uL)= U2 tha 4155 (MFDS,
2019)°]] AAEo] Q&= ZZ(carrier gas: argon, RF power:
1,300 w, plasma gas flow: 10 L/min, auxiliary gas flow: 0.2 L/
min, pump flow: 1.0 mL/min, pump speed: 100rpm, nebulizer
gas flow: 0.55 L/min)of| u}2} AA|3}3ict.
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Table 1. Classification and characterization of Alaska pollock Theragra chalcogramma roes

Criterion Roe Japanese Characterization
Normal ) * Normal in maturity, shape, color
Normal or *Ovaryfullofegg
Abnormal . i i
Abnormal ) Abnormal in maturity, shape, color
* Alittle empty ovary
* Prior to period of maturity
Immature Gamuko . Thlckqess in ovary membrane/ Yellow -Bown in color/ Sense of difference in texture/
Small in roe
* Low quality roe
 Adequate period of maturity
* Roe without any defects or very small defects
) Mature Mako « Beige in color/Elasticity in texture/Large in size
Maturity + 66-73% in moisture
............ » Highest quality roe
« Early posterior to the period of over-maturity
Overmature  Mizuko * Thin in ovary membrane/ Colorlessness in color/ Low density and overripe in egg
............ * 73-83%inmoisture .
3 « Early posterior to the period of over-maturity
Off-grade Kawako « Alittle empty ovary
Normal - * Un-cut and un-loosed roe
Demage Cut Kireko
Separated Barako
Normal -
Color Blacken Kuroki ~ +Black
Others - « Slightly discolored with blood or bile

« 3L (more than 125 g)/2L (90-125 g)/L (65-90g)

Weight - - « M (40-65 g)

« S (25-40 g)/ 2S (15-25 g)

Source: Balaban et al. (2012), Hazime and Mizuo (2008), Tsuyuki and Fuke (1978).
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Fig. 1. Number and total weight of Alaska pollock Theragra chal-
cogramma roe (single) in the box (3 blocks) expressed as L, M, S,
KB and KC grades. L, Large grade; M, Medium grade; S, Small
grade; KB, Kireko B grade; KC, Kireko C grade.
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Fig. 2. Weight distribution of Alaska pollock Theragra chalcogramma roe (single) in the box (3 blocks) expressed as L, M and S grades.
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Fig. 3. Distribution of normal and abnormal Alaska pollock Ther-
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as KB and KC grades.
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(single roe)®] FAIE 5 g M9 = tHro] 2 e s A
H= Fig 29 ot L 5H o2 27)9 ek 3852 353t
7} Qgto] BAIE SAS oS 5 g MY R o] BFshe] 4
HEQMh W L S Ho R 7| 3EFY] ot A 2 1
F2 30-110 g 91ollA 1671 157 Akt 7o R o]0
A L2l e, 100-105 g 919 749 EASHA] ebgkar, Aeket
o] A% 6710] EAsch B L5+ 3559 o 5 7l
L38070]¢ich W LS5 Fo® 75 3520 1A W
4= 60-65 g W 917F 5670(14.7%)2 713 Wk, theo s
50-55 g HLI(507H, 13.2%), 65-70 g W $1(487M, 12.6%), 70-75

913871, 10.0%), 75-80 g #$1(347H, 9.0%), 55-60 g H <]
2} 45-50 g HA(LTF 3271, 8.4%) 59 o2 4= 0f AU
o, o] 52 XA 9] 76.2%% ARSItk ¢, W L 54 3
B2 0] 30-35 g ¢, 95-100 g ] 2 105-110 g H Y= &
F270(0.5%)= A=l QUSIe 3, L 55 utae At
& 670(1.6%) A8kl AASATE. o1l 55 L 355 380719
Ot A Fazof gt A ek Table 10 AA G 55 &
T 710l -85t Wl S H(25-40 g ¥ 91)ol 2871(7.4%),
M 55 (40-65 g #91)°] 19871(52.1%), L 5-5(65-90 g H<Y)
o] 140711(36.8%), 2L 5-3(90-125 g H))o] 871(2.1%) = -4

Table 2. Total amino acid content (g/100 g) of Alaska pollock Theragra chalcogramma roe from Russia as affected by grade

) . Grade
Amino acid
L M S G Off

Isoleucine 1.16 (5.3)' 0.97 (4.7) 1.08 (5.4) 0.99 (5.8) 0.79 (4.6)
Leucine 2.06 (9.5) 1.66 (8.0) 1.91(9.6) 1.73 (10.1) 1.41(8.2)
Lysine 1.71(7.8) 1.36 (6.5) 1.55(7.8) 1.20 (7.0) 1.23(7.1)
Methionine 0.28 (1.3) 0.18 (0.9) 0.29 (1.5) 0.50 (2.9) 0.19(1.1)

Essential Phenylalanine 1.06 (4.9) 0.91 (4.4) 0.91 (4.6) 0.72 (4.2) 0.76 (4.4)
Threonine 1.09 (5.0) 0.91 (4.4) 0.97 (4.9) 0.77 (4.5) 0.76 (4.4)
Valine 1.32(6.1) 1.15(5.5) 1.13(5.7) 1.08 (6.3) 0.90 (5.2)
Histidine 0.48 (2.2) 0.40(1.9) 043 (2.2) 0.33 (1.9) 0.37 (2.1)
Sub-total 9.16 (42.1) 7.54 (36.3) 8.27 (41.7) 7.32 (42.7) 6.41(37.1)
Arginine 1.14 (5.2) 0.97 (4.7) 1.97 (9.9) 0.80 (4.7) 0.84 (4.9)
Tyrosine 1.03 (4.7) 0.92 (4.4) 0.91 (4.6) 0.70 (4.1) 0.80 (4.6)
Cysteine 0.25(1.1) 0.26 (1.3) 0.22 (1.1) 0.28 (1.6) 0.19 (1.1)
Glycine 0.72 (3.3) 0.60 (2.9) 0.64 (3.2) 0.63 (3.7) 0.56 (3.2)

. Proline 1.55(7.1) 1.44 (6.9) 1.05 (5.2) 1.67 (9.7) 1.32 (7.6)

Non essential )
Alanine 1.63 (7.5) 1.40 (6.7) 1.48 (7.4) 1.31 (7.6) 1.14 (6.6)
Aspartic acid 1.86 (8.5) 1.78 (8.6) 1.66 (8.3) 1.31(7.6) 1.37 (7.9)
Glutamic acid 3.04 (14.0) 4.53 (21.8) 2.56 (12.8) 2.14 (12.5) 3.65 (21.1)
Serine 1.41(6.5) 1.36 (6.5) 1.23 (6.2) 0.99 (5.8) 0.99 (5.7)
Sub-total 12.63 (57.9) 13.26 (63.8) 11.72 (58.7) 9.83 (57.3) 10.86 (62.9)

Total 21.79 (100.0) 20.80 (100.1) 19.99 (100.4) 17.15(100.0) 17.27 (99.8)

!(Content of each amino acid/ Content of total amino acid)x100.
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W S SHORE #Y)H 3EES] Tt B £ 1522045

S AA9] 65.4%E FHI8I3IAL, T 0= 35-40 g 1 91(142
7N, 17.6%), 20-25 g H91(1267}, 15.6%), 40-45 g H (1271,
1.5%)%] =o] it ol 3e] g3t S o+ 355 80871 <=k
Al &30 i3t ATHE Heke] Table 10 AIATH G5 £57 715
ol 285t3a ™ S 5H5(25-40 g W 9ol 67071 82.9%, M
55H40-65 g W 9])0] 12712 1.5%, 2S 53] 126702 15.6%,
L 55(65-90 g W ¢l)ol -3 =0 SUA] ket whebA, gk vt
2of #2715 of e S S Al 82.9%7F ArE ol 3lot =
& FEFOIQAL, T2 2 28 5, M 539 ol gl

#7| S2¢ HA(box) W HIFMES B2
% =

TR (v G, ks, SR Aus HEE 5) o2 U
OBz 2 A E Avk= Fig 33} o) ek ulhao] KB
HO 8 F7]% 355 dlleoto] 7 et A At B
Wk UkAo] KB 5528 #7149 3552 3lE
sto] 7k oS et v gt o 2 Alsto] AuE Ayt
Ay 366705 77.4%0) 9L, Bl AR 107702 22.6%
oSt} v A2 Ateke] -9 5070 = 10.6%, dh<ehe] 7
- 24702 5.1%, 5T A9 20702 4.2%, vlsThe] A9
10702 2.1%, S 7] 74-9- 3702 0.6% 2 T/ = o] 23Tt
Wk kAo KC 5528 #7149 3552 sl gsto] ZF &gt
S AFESH A 1 91070tk Het vhofl KC 5322
H719 3E5S sllE ot 7 Qe A Ao R A
H3}o] Al E A} HAHES 5957 = 65.4%0] 9L, B A A S
2 315702 34.6%0] 3tk v dekete] 9 15174
16.6%, T<2+0] -2 9170& 10.0%, B&eke] 4$ 62712
6.8%, n|<#o] AL TR 0.8%, SHTO] AL 472 0.4%
B g Eo] it

S32 Zais Fel ¥y S4 v

=eil) (L, M, S)F} vjsh 15
(G) % 5T 15(0M)]9] FU EAS Fotm|ieit 3, 771
A A4k b = A gkt

AR 3E(L, M, S), Pl&E 15 (G) ¥ 59+ 15(0fMH=t
= AF SFeRS Table 29 2t} Wk 5%
100 g & Fopu|ieAl g2 Qe 35(L sw°l 21.79 g,
=30] 2080 g, S S50 19.99 g)o] u]&etel G Sge

15 g2} 5915391 Off S22 17.27 goll ulsto] 213] 5k
AR SO M = FAZE FAL SHETE Bt ole
O] T Qo] AN JH| = 8% o/l ofw| i)y et 3
%9] 7% leucine (8.0-9.6% H ), aspartic acid (8.3-8.6% H
2)), glutamic acid (12.8-21.8% 8 9))2} 2-& 3%0|3L, A5
Fo8 BRE= n&5H] Gogi 595 Off 559 -
aspartic acid (ZVZ} 7.6% % 7.9%)7} A& =1L, leucine (Z-2}
10.1% 2 8.2%), glutamic acid (ZF2} 12.5% 2 21.1%)2} 2+
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Table 3. Mineral content (mg/100 g) of Alaska pollock Theragra chalcogramma roe from Russia as affected by grade

) Grade
Mineral
L M S G Off
Calcium 14.0+1.0” 17.0£0.1° 13.00.1° 17.00.1° 20.0+0.1¢
Phosphorus 314.4£2.7° 366.1+0.7° 358.12.2" 314.6£3.8° 392.0+5.2¢
Potassium 124.1+1.2° 146.9+2.0° 145.3+0.8° 125.1+1.7° 157.7+2.6°
Iron 1.7£0.1° 2.0+0.0° 2.2+0.0¢ 2.2+0.0¢ 1.9£0.0°

'Difference letters on the data in the column indicate a significant difference at P<0.05.
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Table 4. Fatty acid content (mg/100 g) of Alaska pollock Theragra chalcogramma roe from Russia as affected by grade

) Grade
Fatty acid
L M S G Off

Mo B’y 20@2 ..28ey o B®EAY 230
L A () N 202 303) 303 ....405
L2 263 (210) . 183(200) 2140196 262 (221) 158 (207)
Ao A0 60N roe) 605 . ....405
L. v L) D LN R 1816 209 104

21:0 -1 6 (0.7) - - -
Saturated 324 (25.8) 232 (25.4) 265 (24.2) 322 (27.2) 200 (26.1)

16:1n-7 44 (3.5) - 58 (5.3) 58 (4.9) 39 (5.1)

2
Monoenes 294
16:2n-4 4

22:6n-3 329 (26.3) 233 (25.5) 267 (24.4) 273 (23.1) 194 (25.4)
Polyenes 634 (50.7) 452 (49.3) 558 (51.0) 569 (48.1) 393 (51.4)
Total 1,252 (100.0) 914 (100.0) 1,093 (99.9) 1,184 (100.0) 765 (100.0)
B ) 35(28) 809 o422 o ..2420) 14(18) ...

n-3 587 (47.0) 428 (46.8) 531 (48.5) 541 (45.7) 376 (49.2)

I, Not detected.



112 i - A

2o Gl gh, Wt 559 5 Algtotn| Akl lysinew}
threonine (Kim et al., 2012) $FeF2 A4 gho] 242 1.
HE 2 0.91-1.09 g HH =2, AeHo= &7
Q21 Off 559 2171 1.20-1.23 g H 9] %
u]sto] ok, T, o]0} 2 Wk 559 7 Aslou]ie
4kl lysine ™ threonine &0l 50 H7-5 F4| 2.2 Sl=
Plufel AREo] A2 Wt g Hgake A3
Gt P AR HoflA s Sfn|7t ol Aol ot
A FAZL 2 AYPE L Ak Aot HAHE T g,
g5t 55| gropu| At 24-E R Ato]] Hn| = Eo
UL, AATH36.3-42.1% e r=7el G 55 2 T9F
1 Off 55 (37.1-42.7% H )bl = =LA 2ol 7} 181, wh
A 7R/ A o] E]A] 9= tryptophang A 2JRteHA
O] AAIg o] le4he Bt 353} 59we Off &
9] 72 methionine®] ¢} 17, u|<+2] 7% histidine©] %It
B 3L, M, S), mls#t 15(G) 2 59+ 15(0ff) 2+
5% v 7712 Q1 Z45(Ca), JI(P) B ZH(K) 1]
2ol H(Fe) g2 Table 33+ 2} et 5521 100 g
2 13.0-20.0 mg §1 9], 91 =k 314.4-392.0 mg
S 124.1-157.7 mg 9], & o2 1.7-2.2 mg
ol& BH 5% saell W AT A gl
S F71EE dubA o = QA Yol A ER-9] =83t
=3 5ol == EAsHHEA AIA| A]
7%, A2 Bl a0 ZAdsto] ofjt 250 5 W o]k 4l
739 SR ASAY, @AY Fal W oy 7HA A HA A
2o o] ¥ofskal(Chun and Han, 2000), E3, f-2{ut2t
£ AR S Aol siglol B 7] 41 FUdax(The
Korean Nutrition Society, 2015)2 && A it} 12w, &
ol 9] 2123} DNA, RNA 5-9] Ak} nucleotide 50 35
o] USHA], AIA| A 2|75, A 9] ol v A HHg F41, Al
A, ARE719] HE S 2k e Aol ot A pH
A, thAE g ol A AL ol q 2| o] At o] F B QAR HE
of oJ3k of 2] m4x0] FAJS} Tt o] w9 F a3 AP 5=
SR QloLt AL s AlFe AAwko] fREe] Slo] A
o 7 A2 JUd4E LA tH(The Korean Nutrition
Society, 2015). Z5-2 thi-Eo] 5 A2 Woll A sHHA 4
£ 9 pHO| 24, 417 459 24 74, = T UEE
o] 29] v FTIAFI & QIg NI FHAHTS o
o Fa3%t Jae 5= Zlo & d#A Qltk(Yoshimura et al.,
1991). “12]a1, A& Ab40] 24 9 A%, oA & AYAalsh=
B0 Fuff 2h, WA o] thek 2H8-(Jo et al,, 2013)& Sh=
Ao oA Qlr}. o]2fgt o] -2 A0 oFE A A (MFDS,
2018)cf A= -] =719 o 3l AES B3t A7 S
AT 52 0= 64 o] gh=ol ] F7]d o) gt Fok 1Y F
7138 A5 7155 AAISHAT &, 64| o gl 9] 714
ot o 1Y #7148 AF 72 A A AFEe
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& 700-1,000 mg, 212} 79~ T4 FF = 550-1,200 mg, Z-
o 45 SAFFEeR 2,600-3,500 mg, H o] 7> HAA
FFo = 8-16 mg O & A|AJSEAL Qlek. whebs] 5E Hetke] e
TF2 64| o/ gl 1Y AR H Y 247700 mg)oll
H]3ke] 1.9-2.9% ¢, 2 =H(1,000 mg)ol| Hlake] 1.3-2.0%
101, Q1 Tk 64 o el 1Y A H =] 24
(550 mg)ol| H|ste] 57.2-71.3% 1, Z[cHwH(1,200 mg)]|
B|3to] 26.2-32.7% H P10, A A 64 ol d=r
A1 S2HF T 2 247H(2,600 mg)o]| H]te] 4.8-6.1%
9], Ft=H3,500 mg)ell B|5ke] 3.5-4.5% I elo|qiet. 12,
5% Heho] A RS 64 ol gl 1Y AR H4
(8 mg)ll HI5ke] 21.3-27.5% H 91, (16 mg)ol| vl 5t
10.6-13.8% 90| gict.

A 3F(LM, S), Mse 18(G) 9 59+ 150 2
2 gt 550 Aupak ghekat 24& GCE A5k e 2
T}i= Table 49} 2t} Wt 55:9] 5 A4S 7 &
TS QLA L5H5Y A 44335 W 1,252 mg, M 5
F9 4% 2471 315 2 914 mg, S 532 4¢ 22305 ¢
1,093 mg, v]<¥Ql G 559 49 217315 9 1,184 mg, &
Q1 Off 59 749 22+ 29% 9 765 mgo| 57 % A=
Ut etk 550] Aak 2492 M Ze|Qll4to] 48.1-51.4%
IR A9 Auks AASHAL, the o2 SR M QA
o &olgloth, S 539 A Rk, EsHiko] $o] gl
gek 559 28 A 4L B 16:0 (19.6-22.1% H),
18:1n-9 (9.5-10.1% %)), 20:5n-3 (17.1-21.4% <)), 22:6n-
3 (23.1-26.3%H 9))9t 2o 409t Wk 5%9] n-6/n-3=
L 53°] 0.06, M 530 0.02, S 53] 0.05, G 53°] 0.04,
59l Off 55°] 0.040]3lt}. o]e] Wt 559 ofe] 7t
A AGAE 2493 gt B4 S0l M2 B g U

efhA) gk,
AL AL
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o] 52 20184 BlefAbt A 9Lo 2 S|oppatataly| &4l
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