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Applicability of PCR Methods for Detection of Shrimp and Crab in Processed Food
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According to Japanese food allergen labeling regulations, an ELISA screening test is used for
detection of crustacean proteins in food and a shrimp/crab-PCR confirmation test is used to confirm
a positive ELISA screening test and to exclude false positives. Forty-six kinds of processed foods la-
beled as containing shrimp/crab were subjected to ELISA screening test and PCR confirmation test
and the usefulness of the shrimp/crab-PCR was evaluated. Twenty-seven of the 46 samples con-
tained total crustacean protein levels of 10 ppm or more in the ELISA screening test. All of the
samples were positive in the shrimp/crab-PCR confirmation test. The results of the confirmation
test were consistent with the declaration in the list of ingredients and with the results of the ELISA
screening test. The shrimp/crab-PCR confirmation test was demonstrated to be applicable to vari-
ous kinds of foods, including powder, extract, seasoning paste, prepared frozen food, snack food, re-
tort food and canned food.
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Table 1. Samples used in this study
Declaration®
No. Sample Description _———
Shrimp  Crab

1 Shrimp powder mix I Dry powder —
2 Shrimp powder mix II Dry powder —
3  Shrimp powder mix 1T Dry powder —
4  Shrimp-flavored oil I 0Oil —
5 Shrimp-flavored oil IT 0Oil —
6  Shrimp extract paste I Thick paste —
7  Shrimp extract paste II Thick paste —
8 Salted shrimp paste Seasoning paste —
9 XO sauce Seasoning paste —
10  Shrimp with chili sauce Prepared frozen food —
11 Shrimp pilaf Prepared frozen food —
12 Shrimp shumai; steamed dumpling with shrimp Prepared frozen food —
13 Satsuma-age; fried fish cake Prepared frozen food —
14  Chukadon sauce; chopsuey over rice Prepared frozen food —
15 Champon sauce; a dish of noodles with stir-fried pork, seafood Prepared frozen food —

and vegetables in soup
16 Shrimp gratin
17 Shiokara; salted and fermented shrimp

Prepared frozen food
Fermented food
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18 Seafood paella seasoning mix Dry powder —
19 Seafood paella mix Dry food mix —
20 Dried shrimp Dry food —
21 Seasoned laver Dry food —
22 Wheat flour based fried snacks Snack food —
23 Potato flour based fried chips Snack food —
24  Rice flour based fried crackers Snack food —
25 Seasoning mix for braised seaweed, shrimps and squid Retort food —
26  Chili sauce Retort food —
27 White stew roux Roux —
28  Mochi; rice cake Rice cake -
29 Crab extract paste Thick paste — +
30 Croquette with crab meat Prepared frozen food — +
31 Shiokara; salted and fermented crab Fermented food - +
32  Dried crab Dry food — +
33 Zousui seasoning mix for rice soup with crab meat Dry food mix — +
34  Corn starch and rice flour based fried snacks Snack food — +
35 Miso soup with crab meat Freeze-dried food - +
36  Zousui; rice soup with crab meat Retort food — +
37 Sauce for crab omelet Retort food — +
38 Curry flavored sauce for stir-fried crab and egg Retort food — +
39 Canned crabmeat Canned food - +
40 Kani miso; crab viscera Canned food — +
41 Kamaboko; boiled fish paste Fish paste product — +
42 Fish sausage Sausage-like fish paste product — +
43  Chitosan dietary supplement Tablet - +
44  Spaghetti with cream sauce Prepared frozen food + +
45 Chinese cabbage kimchi; Korean pickle Fermented food + +
46  Glucosamine dietary supplement Tablet + +
* Labeling indication of shrimp and crab components: +, declaration of shrimp or crab; —, without declaration.
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Table 2. Results of screening test and confirmation test

Declaration Shrimp and/or crab
Crustacean ELISA X<1 ppm 1 ppm=X<10 ppm 10 ppm=X
Screening test
judgement neg pos pos
Plant/animal-PCR — — + — +
Confirmation test Shrimp/crab-PCR + — + + — + + — +
Judgement ind neg pos ind neg pos ind neg pos
Case 3 1 2 3 2 1 3 2 1

Abbreviations: pos, positive; neg, negative; ind, indeterminate.
The combined results are categorized as follows:

Case 1: The positive and negative results of the confirmation test are in agreement with those of the corresponding screening test.
Case 2: The positive and negative results of the confirmation test are not in agreement with those of the corresponding screening

test.

Case 3: The results of the confirmation test and the screening test cannot be compared because of an indeterminate confirmation

test result.
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Table 3. Yield and quality of genomic DNA extracted from samples
DNA extraction
No. Sample Declaration DNeasy Genomic-tip
Lot Dg}‘: /fl‘I’j;C' AssAsse  AseolAsso Lot Dg}; /}Cﬁc' AssifAsss Asgol A
10 ppm=X
A 296.00 1.84 1.41 A 3485.30 1.85 2.30
3 Shrimp powder mix III Shrimp 5 41956 1.86 1.65 B 2523.90 1.90 2.44
A 13.84 1.62 0.79 A 28.06 1.48 0.55
6 Shrimp extract paste I Shrimp 5 591 1.56 082 B 20.24 1.62 0.74
A 17.90 1.47 0.59 A 6.67 1.29 —1.13
7 Shrimp extract paste II Shrimp B 90.12 1.50 057 B 12.95 L34 5.79
) A 107.14 1.40 0.58 A 69.87 1.88 2.17
9 X0 sauce Shrimp g 5,87 1.39 058 B 60.51 1.88 2.08
A 33.71 1.90 0.93 A 175.14 1.87 2.66
10 Shrimp with chili sauce Shrimp B 33.43 179 0.90 B 345.81 1.88 9.38
A 35.06 1.55 0.65 A 101.25 1.42 0.80
11 Shrimp pilaf Shrimp g 557 1.57 064 B 85.32 1.59 1.34
A 65.12 1.81 1.42 A 373.34 1.81 2.31
19 Shr.imp shumai; steamed dumpling with Shrimp
shrimp B 63.29 1.84 163 B 51837 1.82 2.29
A 49.40 1.64 0.86 A 267.50 1.94 2.18
13 Satsuma-age; fried fish cake Shrimp B 45.96 161 0.85 B 980.31 194 219
A 36.19 1.78 1.14 A 350.96 1.84 2.31
14 Chukadon sauce; chopsuey over rice Shrimp B 35.97 1.69 1.09 B 364.46 181 915
15 Cl}ampon sauce; a dish of noodles with' Shrimp A 43.25 1.75 2.06 A 415.50 1.79 2.15
stir-fried pork, seafood and vegetables in soup B 57.00 1.70 1.48 B 323.30 1.79 2.20
A 13.27 1.80 1.94 A 367.16 1.77 2.15
16 Shrimp gratin Shrimp g 1562 1.87 191 B 304.30 1.76 2.10
A 76.28 1.61 1.09 A 688.62 1.78 2.09
17 Shiokara; salted and fermented shrimp Shrimp B 99.41 158 0.86 B 368.49 1.83 913
A 164.86 1.81 1.21 A 95.39 1.58 1.64
19 Seafood paclla mix Shrimp 5 gy 1.79 117 B 19027 1.31 1.35
A 58.38 1.52 0.56 A 162.84 1.91 1.67
20  Dried shrimp Shrimp 5 51 08 1.63 125 B 1063.29 1.67 1.85
) . A 27.87 1.68 0.97 A 737.39 1.84 1.99
22 Wheat flour based fried snacks Shrimp B 99.13 1.69 0.99 B 798.14 173 1.87
A —0.39 1.54 0.12 A 6.14 2.22 —1.35
23 Potato flour based fried chips Shrimp B 0.57 —0.84 077 B 6.89 7 —113
) ) . A 65.28 1.74 0.74 A 591.56 1.69 1.10
24 Rice flour based fried crackers Shrimp B 55.62 178 073 B 542.07 1.68 1.04
95 Sea‘soning mix fo‘r braised seaweed, Shrimp*! A 22.51 1.85 0.55 A 28.11 1.87 2.19
shrimps and squid B 25.53 1.72 0.53 B 32.98 1.88 2.13
. Shrimp, A 33.00 1.58 069 A 12310 1.51 0.92
28 Mochi; rice cake Shrimp*! B 24.96 1.56 071 B 107.87 1.56 0.99
. A 28.07 1.79 1.30 A 378.27 1.79 2.18
30 Croquette with crab meat Crab B 2963 1.73 1.35 B 377.61 1.78 2.16
) A 5.43 0.90 0.24 A —0.81 —5.01 —2.37
31 Shiokara; salted and fermented crab Crab B 393 1.02 0.97 B 115 0.69 019
) A 416.60 2.06 1.97 A 760.33 1.88 2.18
32 Dried crab Crab B 43824 2.19 207 B 521.60 1.92 2.24
33 Zousui seasoning mix for rice soup with crab Crab A 139.42 151 0.46 A 323.72 1.70 1.35
meat B 93.86 1.51 0.43 B 282.98 1.67 1.16
_ . A 814 1.87 078 A 8684 1.86 3.20
34 Corn starch and rice flour based fried snacks Crab B 6.91 9,36 1.90 B w7 97 1.88 3.67
A 48.51 1.42 0.52 A 128.96 1.91 1.64
35 Miso suop with crab meat Crab B 60.94 157 0.50 B 32.90 1.89 155
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Table 3. Continued

DNA extraction
No. Sample Declaration DNeasy Genomic-tip
Lot Di\IA COMC. Ao Awdse Lot DhACONC e AuAue
ng/uL) (ng/uL)
A 7448 1.70 107 A 15145 1.91 2.10
36 Zousui; rice soup with crab meat Crab B 80.47 1.73 1.09 B 185.12 1.94 2.93
A 1413 2.02 087 A 94.29 1.72 2.82
37 Sauce for crab omelet Crab B 1438 2.00 091 B 93.54 1.72 2.77
A 3826 1.99 501 A 737.13 1.75 2.25
39 Canned crabmeat Crab B 44.66 2.01 452 B 1334.78 1.84 2.15
o . A 8581 1.72 091 A 100.79 1.85 2.12
40 Kani miso; crab viscera Crab B 69.02 1.80 0.95 B 59.09 184 216
A 1105 1.29 182 A 488.89 1.81 2.33
41 Kamaboko; boiled fish paste Crab B 11.79 1.50 1.86 B 446.80 181 934
o Shrimp, A 14.24 1.88 205 A 463.22 1.88 2.21
44 Spaghetti with cream sauce Crab™! B 1481 1.82 .80 B 307.92 1.89 2.17
_ o ‘ Shrimp*, A 17.07 1.53 119 A 10658 1.96 2.24
45 Chinese cabbage kimchi; Korean pickle Crab™ B 91.82 154 1.03 B 11294 2.00 9.99
1 ppm=X<10 ppm
A 2828 1.61 062 A 7.54 1.58 0.41
1 Shrimp powder mix I Shrimp B 3501 1.57 066 B 9.60 1.42 0.39
A 3333 1.58 059 A 51.71 1.90 1.32
2 Shrimp powder mix II Shrimp B 5830 1.48 057 B 78.11 1.88 1.01
A 336.24 2.15 197 A 11351 1.87 1.48
21 Seasoned laver Shrimp™ 5 461 19 2.10 197 B 62.21 1.88 1.83
a8 Curry flavored sauce for stir-fried crab and Crab A 23.72 1.82 0.39 A 12.39 1.22 0.51
ez B 1852 1.85 037 B 12.92 1.42 0.36
A 13.03 1.90 192 A 229.44 1.90 1.91
42 Fish sausage Crab™ B 1331 2.02 250 B 107.22 1.86 2.17
X<1 ppm
A —3.36 1.54 035 A —0.09 —0.08 0.01
4 Shrimp-flavored oil I Shrimp B —331 1.90 045 B —4.30 1.65 0.33
A —318 1.26 034 A —472 7.68 0.43
5 Shrimp-flavored oil IT Shrimp B 164 1.50 0.20 B —3.94 6.13 035
A 6237 1.49 101 A 0.29 0.06 0.01
8 Salted shrimp paste Shrimp B 1845 1.43 065 B —0.54 —0.11 —0.02
A 7622 1.76 092 A 154852 1.89 2.25
18 Seafood paella seasoning mix Shrimp B 73.59 1.80 0.97 B 1441.43 1.89 994
N . A 1816 1.65 053 A 2.51 0.38 —2.21
26 Chili sauce Shrimp B 9.73 2.06 044 B 19.07 0.96 0.86
A 10143 1.73 150 A 1265.27 1.80 2.04
2T White stew roux Shrimp™ 5 o 1.77 144 B 1229.08 1.80 2.06
A 7144 1.51 060 A 31.96 1.66 2.12
29 Crab extract paste Crab B 5859 1.53 058 B 4173 1.67 1.79
A 66.96 1.52 037 A 13257 1.74 2.75
43 Chitosan dietary supplement Crab™? B 113.93 159 0.45 B 193.13 71 978
o Shrimp*, A —3.01 3.48 040 A —676  587.35 0.55
46 Glucosamine dietary supplement Crab® B —335 2.94 0.36 B —6.65 —30.95 0.46

*1 Some ingredients contain shrimp/crab.
*2 Sample also contains ingredients of shrimp/crab origin.

FTRTC, 2P FAFERZMEHLCwz, =% 2 ERO 5. IXAFRICOWTIE, EFVREERSTLAZEL
BEIEOFENIANTH 578, #ELMHFIC - TIE, ¥ T, 737 X DNADOZEH = WGl 5 LEND 5.
Y327 L DNATEY: - REENRL L I EFTREN ELISAED K/ hb SF, [Hil B PCR: — |
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& o T, [HERMA: BAARE] &g Shz@lE, D
A DNA T 16308, G DNA T2 H -7 v
FTHOMIPDNATS [HY B PCR: —] THo729HK
BHZDOWTIE, FEEMEZ ERW L T 2 720 OWHEDL L
weEzohi, 22T, [ BPWPCR: —] ORKE
LT#Hz 5N2%PCRIEMEHOMRET- 7.

3. PCRIEZEEFRODFE

D, GEMHNLEDNAICBWT [HAARE] THo729
WL [ B THhHotz [42. AWY —k—V ], D
FEHHDNAICB W TOR [ Bl Th - 72238
[44. ZA%7 v 74 ], [45. HEF AT ] OoaFH 12K
DWT, MHMDNAKKE®EI Y ba— v 7T 23 R
L72PCRZ ML, HERH A X 0HEREEY oW o A7 it
WX > TCPCREEDREAMR L. &8, BMAAET
Holz9RE L [42. ARV —E—V ] 12OV TIE, R
W EFEINS GEH DNA %2 vz,

Table 512783 L H 12, 12BDH B, [6. 2 L F A
I, T1. RENRNYF—1, [2. ZREGNY 57— 11
[38. HL—WdoH] 8. 2VAZ] O5E T, [
W, B, 20, »ICPCR: —| TH VY, PCRIEOH

ERREVWEEZ LN 2O LERELTHHENS
[6. 2T F A1), [1. XOWRE XY F—1], [2. Z R
G =111 1%, BE~OBHEDR L, Bl
TRIEMETIIERR S E2 51595 [38. 1L —
WooFl 8. Z20&Z] &, ELISAME WL 0D,
AN TH Y, DNAFIH - BRGEOWRIZ X 5 HE
TEROBRRSE TN, 72, [9. XO%E ], [20. #hE2
O, 35 kmail] o3& A<k, hW, 20, »IC
PCR: +] THho72b oo, [HYWPCR: —] TH Y,
PCRILEMEH Z A5 2 LWLz, 7272L, 2hs 3k
TWEIEA [Z 0 2IZPCR: +] THo72Z enb, fis
DPCR & L THWPCRAHEZ Z TR TV EA3F
Hahiz, —HICPCRIEAFIEEITRAMTOWE L
LTI, #0328, RY 72—V, SRS
nTw5. S PCRIEIEHVHR I NI BT,
AggolAggo JLIFHEHE (1.2~2.5) HIPANIZINE > TW7zZ &
Mo, HEDEKA S ¥ 87 Th B REHEIZ & HH L

72, F72, AEOLLBZERICETER (ZF R, N
vy — FAWRE) LB RS, BMRRMICEL A

ENBERY) T2/ —NVTHHUWHEEHEE Lz, —

Table 5. PCR inhibition analysis using DNA samples spiked with positive control plasmid

PCR
DNA
No. Sample Declaration extraction Extracted DNA EXtr?C.tEd DNA . PCR
a ~+positive control inhibition
method
Lot P A S AP-S C Judgment P A S C Judgment
10 ppm=X
. . A — - — — ind - = = .
6 Shrimp extract paste | Shrimp G B — — — - ind Presence
. A — — + + ind + - +
9 XO sauce Shrimp G B — — + + T - o+ pos Presence
20 Dried shrimp Shrimp G 1]; B : t : ind i : i pos Presence
. . A — + ind + — +
35 Miso soup with crab meat Crab G B — + + + pos Presence
.. A — + ind + + +
40 Kani miso Crab G B — _ 1 Lo 4 pos Absence
. Shrimp, A + + + — Shrimp:pos + + +
44 Spaghetti with cream sauce Crab™! D B + + 4+ — Crabmeg + T o4 pos Absence
. o Shrimp™!, A + — + — Shrimp:pos + + +
45 Chinese cabbage kimchi Crab™*! D B + © 4+ — Crabmeg + + o+ pos Absence
1 ppm=X<10 ppm
1 Shrimp powder mix I Shrimp G 1]; : : : : ind : : : ind Presence
. . . A — - - + . - - — .
2 Shrimp powder mix II Shrimp G B — — — — ind o ind Presence
38 Curry flavored sauce Crab G 1]; : : : ind : : : ind Presence
A + — + +
. *1
42 Fish sausage Crab G B + . neg + + pos Absence
X<1 ppm
8 Salted shrimp paste Shrimp G g : : : : ind ; : : ind Presence

* DNA extraction method: D, DNeasy; G, Genomic-tip.
*1 Some ingredients contain shrimp/crab.
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FeE AR 2 O+ 212 O PCRBERARAE O 8 M 11

Ji. SREEE LT, HRGHOMNEZMRS 5 3 F v
ABNA. FNSHITHHEICDNA E 38255 &7
MENB720, HIEDNAFOHFIEE L% L, HERRKD
12EEZLN5. 5RO DO 4RB [40. ICAZ], [42. 4
WY —t—=V [44. A7 v 5741, [45. HEF LT
T, IWDNAZRIML 2wty be—roiho
PCROKR LI LT, FMBEEOHIEME Y A3 550
Y4 ZOPCRIIEHED AR S N/zZ &Lh 5, PCRIAE
ORPEEIZMBERZ WLV EEZ SNz o THE—R
RRg L fE I Tz [40. i2AZ] O DNA I,
WEPE - R L D RIF AR TH Y, [2ICPCR: +] T
H o7, WM DNAZEEHIT (base pair: bp) LLF
FTHMEINTVE Z L PBEKKECTHZ SN (data
not shown). S HMIE L [HICAZ] REHEHETH D,
MEGHREE, L PV IMREZREDOMIS % IN TS
B, EHDNADK AL HEA T WD EHEW S h, »I
PCR & V) b ¥IREMEN R, BEMECHY (124 bp)
B (870~470bp) TIXMH SN K o7z E 2
b7z B, 4h, D GHEEL LB DNAILSE
WD, [HERBAE: BAARE] Th o 2B HE (A
L2282 5, 4#35 DNAOH - R ITEORIE
VHEEEZEZD.

4. B PCRICK S DNADEEHEET
Dk GEVWThOMEDNAICBWTY [FEHEMA:
BOARE] LHE S nz9 05 5, [T/ »IZPCR:
+1 ThosHAEHIO VT, MIFEY R % 80bp FLEEIZ
< LT, DNAZ#, PCREEMERICH 3 % #ft: %5
DB PCR (LLF, HFEMWPCR)” % %ML 7. Table
6ICRT X9, 4K T [HFEWPCR: +] TH Y
IS RBIZEWDNAREET 2 00, BMBW
PCRTIX, PCRIHEDEE, DNAD M RFEE, DNAE
ARER EOERIZ L > TR TE 2 LAV R W TE
PEASRIBE Tz, %< DT ERMINE R &R EE 2
HALTWAD, IZUODICHYWPCRZET S5 &# 2
LNDAs, BWERZEFRETLIMTAMIOVTIE, £
DML (DNAGHEIZEE) ° PCRIEEH O #IC
Lo T, WAMBYPCR CIEIAMIEORBELHEON, RiE
MICHARRE L HE S NGV EZObNL. oL
f£amiCBE LTk, B PCR LPEET, 2V DICPCR%E

FEhtid L, BWPCRTHRAARRTH - HETD, 2
O, PICOTHICHTLHERIEONLEERZONG. &
B, SHMEH L7-HF % PCR O & E X @ A1) % PCR &
LT, MEEORWENZ O L72E, [HFS)
WPCR: +1, [T/ 2IZPCR: —] OKEDBH SR,
BEVEHED ) A7 B b 70, MHARmE LTk, [#
AMEWPCR: —1, TRV DIZPCR: +] THo72hty
CHERAE L THWA R E, BEEFLETD .

F & O

AR EECEORRD R EIN TV L EREB LN
TRM46RFIDOVT, R 7 ) —= v 7R B X R
MAZFERL, 20/ I PCRAEAM A E O @M% 5F
fili L 7z. DNAFEASE )7L L T, GEETig
JE L ABHEE & IS EMICRITF 2SO, S51C
ELISAfE 10 ppm DL EOEHIBWT, GIET [BHME] <
Ho72 2B DETIE B THoZ ehn, M
DRELZL%HLTH2DI2IE, BUOICCEZEIRT 5
ZEELEEZ LN

TR OM AL, F/R, ELISAfE & PCR B &
ZHAETHI LTI o TEMii L7z, [ELISAH 10 ppm b
Fl Tho7z32iB o, AR ELDE GiEE
55— Ol DNA TPCRIZ X ) M aE & Hlg &
7227 BT, TRTORED TR/ 2ICPCR: +]
THolz. A7) == FRE LIERRE TR ICHEOR
ErfEozZ tHh 5, [ELISAME1I0ppm L] THh
X, 8 =R, o A0, BRAMOR, WA, B
T, LRV NS, RS, ENEESRL WAV
ThH, HEMAICL MR TH L LT Lz F72,
[ELISAME 1 ppm PL I, 10 ppm &K TdH - 725k D
9%, PCRICX W MInNwaE & HlE sz 2 piconT
X, 1EBICR 7)) — = v ZiA L R TSRO
MREONI—T, 1B, [THERmRE: 2Bk
THolz. BTG SN o 23k 130 [42. f
WY —t—=Y ] OHRED% L, Bib2sHEz i 3E0iE
B, L7 SRR T E h o7z,

%3, [ELISAMH1 ppm P E] @37 kD5 5, D
GHEVWITNOMBDNATD [FERMRAE: MAAGE] T
Ho 2 BEESHEH Y, T b TIEHICZBWTPCRI

Table 6. Analysis for the presence of animal using the HF animal-PCR

DNA PCR HF-PCR
No. Sample Declaration extraction
method Lot A S AP-S C Judgment A Judgment

10 ppm=X

9 XO sauce Shrimp G A — + + ind + pos
20 Dried shrimp Shrimp G A — + — ind + pos
35 Miso soup with crab meat Crab G A — + ind + pos
40 Kani miso Crab G A — + ind + pos
1 ppm=X<10 ppm

2 Shrimp powder mix II Shrimp G A — — + ind — ind
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