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Study of Flavophospholipol Determination Method in Formula Feed by Microbiological Assay
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YAMATA Seiko™! and NOZAKI Tomoharu"!
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Institute of Food Research, National Agriculture and Food Research Organization, *3 Fertilizer and Feed
Inspection Department, FAMIC (Current affiliation: Sendai Regional Center, FAMIC))

A quantitative determination method using microbiological assays was studied to determine the
concentration of flavophospholipol (FV) in formula feed.

After mixing a sample with hexane, FV was extracted by adding 0.01 mol/L sodium hydroxide
solution-acetone (1:1). The extract was diluted with buffer No. 7, and the pH was adjusted to 6.9-
7.1. The FV in the diluted solution was purified by a phospholipid removal column and determined
by the standard curve method using Bacillus cereus ATCC 19637 in F-19 medium.

Results of the recovery test (adding standard solution) of two types of formula feed for growing
period broiler and one type for finishing period broiler showed a recovery rate of over 90 %.
Results of the other recovery test (adding the preparation) tended to be different from the recovery
test in which the standard solution was added. Moreover, the recovery rate with the preparation
greatly differed by the difference of the spiked level. Therefore, it was considered that further
examination of the analytical method was necessary.

Key words: flavophospholipol; microbiological assay; plate method; formula feed
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51 AR ERBHR N & L“C?‘aﬂﬁéirw‘: D.FV 252 LN TE 8B OB L OEIL, B OV
BHRINY DR BIFEEICBET 285 9 (LT TS 2n). ) 12k, 7ea4 7 —%2R<BEH

ST O HECHT S M) k07 weA 77— WAL OEBA) T 1~5 gy, BH (ZFH
M) T 2~10 g(IAffiyt, R (FIREIH) T 2.5~5 gyt ERE STV D

WA, EWNIZBWT FV 2RI L7l G NI mE LT Y, Ao RMEE LTHEHAT
TV w7 RTOWTIE FV ERIENEE ST EE NCEO TS, L, EEEEF DLy
ﬁﬁ%nowfi,@ﬂ IRALNT L OO, RIEFHESL SN TR, FLEMEEEHRINY 2 & T kd
A RO U) 72 JEF I, EEATRRR T FIEDOMSI N R R Th S.
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Fig. 1 Chemical structures of FV
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Do HTHEEE LTz,

728, MEHZAWZE AR Table 1 1278 L7=.

2) FV %K . Huvepharma ¢ (54 & 80 g(Jiffi)/kg, MEWEE KAV TN, TAHB~ T

XU L, gAY TL, TR,

U7FNe Raxv by, B, VU8 O KEBEILY

A, BEFHRToEL, a—raTsI—), T XX URRBILT A FH

3)  ABRAl

FANEIN R R O A IRA & L CRan i3 2 vz,
4)  FnelGERER A (AN o8 ARk
ek Z HWT 2)D FV #1HZ HOHRF ERE LT, FV & LT 8 mg(/i1l)/g O ARG E %2

FHELL, ZHhEAWT, &51C 0.8 mg(F1)/g DAL &2 RE L 7=,
PR TAREEE DT e T —HIEH 1 ZIRE L,
KON 7.5 gyt A 2B 2 L7z,

VvV ALRARE (R b
FV & LTERZE 1.5 g(iil)it

Table 1  Compositions of the formula feed
Forl?ylgzsfeed Ingredient types Prog;:r)tlon Ingredients
For growing period Grains 61 Corn, milo
broiler 1 Oil seed meal 29 Soybean meal, corn gluten meal
Animal by-products 4 Fish meal
Others Animal fat, calcium phosphate, calcium carbonate,
salt, feed additives
For growing period Grains 57 Corn, brown rice
broiler 2 Oil seed meal 31 Soybean meal, corn gluten meal, rapeseed meal
Animal by-products 4 Fish meal
Brans 1 Defatted rice bran
Others 7 Plant fat, calcium phosphate, calcium carbonate,
salt, feed additives
For finishing period Grains 65 Corn, milo, brown rice
broiler Oil seed meal 24 Soybean meal, corn gluten meal
Animal by-products 4 Fish meal
Others 7 Animal fat, calcium phosphate, calcium carbonate,

salt, feed additives

22 O
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4) FV FEAER
WHEERE FV 40 mg DL EA EREICED, AX 7 —NL—Kk (141) ZEMIIMZTEMNL, 1
mg(/Iliy/mL @ FV TR Z A L7z, BRICE LT, BEHERKO—E &% & BRI C E i
WAL, 0.8, 0.4, 0.2, 0.1 XU 0.05 pg(F11il)y/mL (1 g(JiAifi)/t LA DB INENN ERER 0 B2 A
M) X% 04, 0.2, 0.1, 0.05 %Tr0.025 ug(Z11if)y/mL (1 g(Fiil)/t D EANEILELER O BRI AL )
DA EDLEDORIEERZRK L. ods, SREERIT, MWTERER S RE O SR
L L7
5) F-19 5H5ih
% RE = % 2 |3 Bacto Yeast Extract (Becton, Dickinson and Company #%) , % > 7 >3 Bacto Agar
(Becton, Dickinson and Company #) Z vy, FIE T HEHESR 9 HE 1 Hi1 D A O 3)IZHE-> T
FHELL 7=,
6) Mk
FRERE & L C Bacillus cereus ATCC 19637 & Fi\>, 1x10 {/mL O a1k 2 R %L L 7-.
7)) FERFEM
BE AR L2, 49~51 °C (ZfRIE L7z F-19 BisHc, a7z 100 mL 1Zxf LT
0.5mL BEMZ THPITHERYE, ZT0O20mL 277 AF v 7 BPEEH T v— 1 (FNE 90 mm,
B S 20mm) (Z—ARIZIRIS DERICE L72tR, AKCHEICHRE L CREE S8, Fike L7, ¥l b
DR 25 mm O JE EOFBET 24 % Bk LT 907 O E R A, HALEE
AnTaffotAf (N 8mm) AT 7-.
8) i I
0.01 molV/L /KEg{kF b U U LK —T & v (1+1)
23 HEKOEHE
1) FyRetk - ZM 200 Retsch 8 (1 mm A2 U —>, fli fIEFEEEEL 14000 rpm)
2) U VRERRZE I =5 7 & : InertSep Phospholipid Remover (100 mg/3 mL) ¥ — T /LA =2 X
B
3) AT T2 7 4/V%— : 13HPO4SAN (FL£20.45um, E 13mm, H/KMPTFE)  HEEJEMHK
;‘@
4) fEEE : LTI-1001ED  SURE LA ST ILES00 v~ M AR
5) BHIEFHIEZEE : ProtoCOL3HD  Synoptics
24 ERFIE
1 #h
IINTEREL S ¢ - T 200 mL O =7 T A3z A, ~F P 15mL 2%, 2~3 %
2N &R 7. I 50 mL 202 TIRFI L, #EHAIR O pH 2% 7~9 O#FAN TH - 72
e, DEOKBELT FY U LR (5 mol/L 2TV 1 mol/L) T pH 7~9 OHIFHIZFHE L=,
20 Sy EIRE T L2, MitliRo 2 &% 100 mL O F 7 2 8k O R EAE I A,
1500xg T 5 7y Loy BE L7z, .00 BE%, TH 25 mL % 50 mL O®& Y 7 A 3 [ZIEFEICA
N, BET T AaADEREER RV T 7 SR EREZMA T, U B (5 mol/L X T 1 mol/L)
TpH % 6.9~7.1 [ZFHFE LT-th, TITHEMRE CT7 SREKZ M2 7=, REHRKZ A8 (5 FE A)
TAHIM L7k, ZRIEEKORETHD 02 pg(Ifl)ymL 282 28551, FHREET 0.2
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pug(Fy/mL 725 X OIICHIRL, B 7 2B 23 EHER & L (REREHTZHR W T,
FV & LT 75 gyt AT 2B OREHER O AR E1To72. ) .
2) HT AL
AEHAK 10 mL %2 U VIREBREI =87 A2 AR, 3 mL/min BREOHEIZR D X HE5I L
7. 10 mL ORBREE DT LD FIZEE, HIOOFHIR 2 mL 24T, 50D 10 mL ORERE %
HTLDTFICES, ZOKROWHIK 4 mL 2% 07, MHKE AT 707 4 V2 —TAEL,
B IR AR L 7.
3) SIEROE:E
22 O )T L 72K a2 Ay, ST R OE s Ic 8B U, R & O%UEHE
KxEZnZI 100 L 3o, FHEAFLICHEL, 9~11 °C T 2 FEMFFE L-1%, 27~29 °C T
16~24 [ EE 38 L 7=,
4) PHIEMEEORE K G E
P FINE RS E X FAZ Y, BEEZ KX TR ER EOMIEM OEREEZ ZEi 0.25
mm £ CIEFICHE L, &I R EOEEMBIEICHEL, B0 FVIREZRD -
ek, EEIEOME%L Scheme 1 [Z/RL7T-.

Sample 5 g (200 mL Erlenmeyer flask)
—added 15 mL of hexane
—stirred for 2~3 min
——added 50 mL of 0.01 mol/L sodium hydroxide solution-acetone (1:1)
—adjusted pH 7~9
—stirred for 20 min
Extract (100 mL centrifuge tube)
l—centrifuged at 1500xg for 5 min
Lower layer 25 mL (50 mLvolumetric flask)
—adjusted pH 6.9~7.1
—filled up 50 mL with buffer No. 7
— filtered through filter paper (No. 5A of JIS P 3801)
—diluted to 0.2 pg(potency)/mL with buffer No. 7-acetone (3:1) (pH 6.9~7.1) (If more than 0.2 pg(potency)/mL)
InertSep Phospholipid Remover (100 mg/3 mL)

——applied sample solution

——discarded the first 2 mL of the eluate
—collected the following 4 mL of the eluate
—filtered through membrane filter (PTFE 0.45 pm)

Filtrate and standard solutions (prepared each standard solution by diluting with dilution solvent)

prepared agar plate by adding Bacillus cereus ATCC 19637 to the agar medium F-19 (agar well method)
—dispensed 100 pL of each solution into each agar well

—kept the agar plate at 9~11 °C for 2 hours

——incubated at 27~29 °C for 16~24 hours

——measured diameter of each inhibition zone by zone analyzer

Calculation (by standard response line method)

Scheme 1 Analytical procedure for FV in feed
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2.5 USHNEICGERER  (FE HEIR I AN)

22D 4)D FVIEMEFIH O —ERE A X/ —/—K (1+1) TEMIZHRL, 100 pg(SI4fi)/mL ©
PEAREE 2 FHR L CIRIMC AW, So0alEHT FV & LT 1 gt (A&FEHATRH T 0.05
ug(Ffiy/mL) 1% 2 g(Afiiy/t ([ 0.1 pg(FliymL) MY EZFML, L<IBEAELZ#E, 2424t
STERL, FHEIER K ORI LR E 42 R 7z

2.6 TlEAMEGAER (BREERM)  (RIAS i (T uA T =% O ) )

RIAS JEICEWT, BEIEIZFV & LT 20 ug MY EZED LD SN TWH I LMD,
210 YO T AT —#%HA 20 g &> T 300 mL Ofe =477 222 A, 20 ug( Il
2 (OHealER 1 g/t Y &) @ FV MR % 2.5 IZ0E-> TN, 0.0075 mol/L KER{LF b
U LRE =T by (141) % 50 mL A1z, 10 43MHE D BE, HIZ 10 BB E AR %217 -
THIH L7z, i A S0 mL AR Y 7'e v b o ke m DIEAE 12 L, 8000xg T 10 47 fHliz L
Oy LT, OB O B AR E DR Z GO TR TAB LT, A% 100 mL O E— 7 —
ATz, BmODBEROEZ Z O 300 mL O =7 7 A2 lCR L, REOEIET 2 HEO
M ZITV, oAk Eoe—h—Ic8bE. AREE% 300 mL O3 iERHI AR,
Fefe—F /L 60 mL Z 12 T 5 MRV B, FFELZ. THEAZ 100 mL OE&E 7 7 X3l AR,
AR E T 7 BRREER AN Z, 0.2 ug(Fl)/mL OFREHAK Z TR L, LI 2.4 O DTS TER
L7z, 728, FVAEERIZOWTIE, 22 D 40 0.8, 04, 0.2, 0.1 XU 0.05 pg(/1li)/mL DA
HOEOFERERE -,

27 AVT I U0T 4 NE IR DA MOEED i (RINEINGUER (R )

ToA T —%HM5 g 2 E-oT, 200 mL O =T 5 2 2T A, FV EER L 2.5 1IT0E-
TEWNE, 2.4 0 DIZEWVERIELTZ. BOOBEZO TE 25 mL % 50 mL O2 &7 7 A 2 |TIEMHIC
A, RET T AT OEREZB X 720G T 7 5EEREZ M, VB (5 mol/L XU 1 mol/L)
TpH % 6.9~7.1 IZHHEE L=, WITEMRE TT BHREREZINZ . Tk, RENRRZ A% (5
FEA) TAHABMLIELD (AT T T4 N0E—M) L, BIZALT T T7 402 —TAlBLTD
D (AT 77402 —F) ZHBL, LEIT24D3)E-TERELT.

2.8 WANEIGERER (BARAIN)  (EEZE )

22 O NOFRIRIE 4 7 BAEEHK — A %/ —/L (3+1)  (pH 6.9~7.1 IZFHH) 12, 2.2 @ 8)Di
HIRIE 2 A 2% 7 — b —K (141) ICEE L, 2.1 O HIHit-> TRFNZEM LI 7 04 7 —aiHiH 1
ZRANWT 242> TERE L.

3 WRRUEER
3.1 PARAMEMGRER (BEW¥RIRM)  (RIASTE (T rA 7 —%HHADOHE) )

RIAS 51%, EAEIEORBEIZ L D DWERD PN THNDEN, Z05L, TuaA 7—%HHO
FiExEROCT, 2.6 12X TAEIMNEINGRERZ 5 L7z, ZO/5E, FEIUER 60 %% FEl o 7.
ZOHMEE LT, ELOBEROIREDICIREENRO SN 2 Enn, IR & LB O 5y B
RE3THY, WEMIC FV BEAFEL TS DICBEIERESMEW A REERZ 2 bz, £ 2T,
WEOZD, HHEOBRIEICOWT, HLONBEZITO HiEND, SHADARER N 2T 7 —
TS TR AT 2 HIEICEFT S &L 612, WBEE 10g KNS5 g ICZF L CHEPHEM
[ AR BR 2 F2 0 L 7=, T OfER, sEHEZ 10 g IS8T L7284 TIXEINER 80 %, S5glcA R
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L7236 TIEBEIED 90 %R I278 5 7.

AEELZHOTZLICEV~- M) v 7 ZOREN/NEL R, BIERLELLEEZ LN
23, WEHEZE 5 g RIS O T &, SEBPICEEND FV OELHAD T 5720, MR/
SRV EBARAERLAREENZ Z N, £72, WEOT-OFR-TFT L ZMx TRV IEE S
BB LD, ROBHRIR O — 83 Fiie — F IV ~AT LRUEHE IR N R S o 2 &, BHEZ FV
ELT20 pg MY E LT 5 & 2~20 g RN D D201, BB HHIRZ W T 5 &2 H 2%
WAL, BAHBHAR OEBA RS ERER O/ (7 SHEER—T 2 (3+1) ) L#RDHZ
E~DBFELELT.

ZDi=w, FV LRILE Y VEHEROTAWE CTh 5~ VR~ A 22 Ok b I
OfAER O ER T ESEES B, MHEEEZ 0.0075 mol/L KE(LT N U ¥ ARE—T & b
(1+1) 7225 0.0l mol/L KE{tF M U U LK — 7T & F o (1+41) ~EE L, FEfg= F /L TOWIK
SEIZ KD BAE G, MR~ A HWD R FIEICER L., M2 T, B EEZEE &
L, »"&RETHE L, BLOBEEZITo72%, TREZAMTHAET 2 HIEICEE L THRHEZIT
Tl L. F£7, BB O pH Z R O pH L fiz 5728, % OFEHATE % 50 mL
WCERT HERC, pH 6.9~7.1 [IZHHHET o #/EABMLT-.

UbEOBECLVRBHRRERR L= 25, AR DA BB ORARIS BB L. £ 0D
WEDTZD, 27 WS TAY T T T 4 NE =L LD ABMOEEEMER LR, AR
H#EIEIME L, Table 2 O LB VEINENRM ELTEZEND, AT T 740 F—ICL5 Al
RiEMTsZ e LT

Table 2 Results comparing with and without filtration by membrane filter

. a) b)
Spiked level Membrane filter Recovery RSD,
(g(potency)/t) (%) (%)
{ Without membrane filter 88.6 7.6
With membrane filter 98.0 0.26

a) Mean (n = 3)
b) Relative standard deviation of repeatability

3.2 WRINENREER (BRI I)

24D DIZTHOLNIZREBHEIREZ AL T T 7 4 Z—TAIL, 2.4 O 3)IHV, RIMENE
Brze 3 PMTICTHER L7z, 3BHT 2.5 12/E->TFV & LT 1 g(Mfliyt #2498 (&l
0.05 pg(JifiiyymL) ZWML7z7 v A 7 —fifiH 1, 2 KOEHHZH W, ZOR55%1%, Table 3
DOEBY, EHEWNERTT a4 7 —aiH 128102 %, 7oA 7 —aiiH 2238116 %, 7aA4 7
— %I 98.0% TH - 7z,

TuaA 7 —HiA 22110 %EE 25 EmWEIERTH 722 &b, BEEOD, U CIRER
EI=A T LOMMERT LIz, 7 A 7 —FilH 212 2.5 1206> TFV & LT 2 gl 124
& (A 0.1 pg(Mfl)ymL) ZIHFEIM L7, 2.4 D D)IHE-> THil L7 EHAKR 10 mL % YV > 5 B
EI=HT HZAN, WiHKEEZ 2 mL $O8IL T, FiiHiREA L7707 4V F—TAlL,
KW FV LR Z MR Lz, T OREIT Table 4 D LB Y, FiHiK 0~2 mL O® 532381 2 [A]
I 123 % & @<, 2 mL UBEO BT T 5 EIERT 92.7~97.5 % & BAF iR CTh o7z,
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=H T AT HRENE RS Z 1Y, =0T LBV THREMZRE L ENRLRDIEBE
NWhol-l=®, RBICHWDDICHLE DR BEORZHERT L L, HIDOFHK 2 mL %
BT, 20%0O4mL ZHN5Z L E LT,

TuA T —mi#A 1, 2 ROBHHAZ AW, 251285 TFV & LT2 gyt fHY%E ([F 0.1
pg(ZHlymL) ZFMML, 24120V, WMNENGRERZ 3 S0MTICTEM L7z, Z ORI, Table
50LBY, FINEROKENRDONTZTO, VUNEEREI =7 LB EZENT 52
LT

Table 3  Recoveries for FV without phospholipid removal columns
(addition of FV standard solution)

For growing period For growing period For finishing period
Spiked level Phospholipid broiler 1 broiler 2 broiler
(g(potency)/t)  removal column Recovery” RSDrb) Recovery” RSDrm Recovery” RSDrb)
(%) (%) (%) (%) (%) (%)
1 Without column 102 5.1 116 3.9 98.0 0.26

a) Mean (n =3)
b) Relative standard deviation of repeatability

Table 4  Elution pattern of FV from phospholipid removal columns

Recovery (%)
Target
0~2 mL 2~4 mL 4~6 mL 6~8 mL 8~10 mL
FV 123 92.7 93.5 96.0 97.5

n=1

Table 5 Recoveries for FV with phospholipid removal columns (addition of FV standard solution)

For growing period For growing period For finishing period
Spiked level Phospholipid broiler 1 broiler 2 broiler
(g(potency)/t)  removal column  Rac overy” RSDrb) Recovery” RSDrb) Recovery” RSDrb)
(%) (%) (%) (%) (%) (%)
2 With column 91.2 4.5 94.5 1.5 98.2 4.1

a) Mean (n =3)
b) Relative standard deviation of repeatability

3.3 RINENERER  (RLARN)

2.1 @ 4)ITHE - THRFN A RN L 72 /341 R - O TN ENNGRER & F 06 L 72,

FV & LT 7.5 gyt (R#ERENAK T C 0.2 pg(IfiymL) &HT27 04 7 —0iiH 1 %
24 IS TEE LI EZA, BIEN 70 % EIRWEIETH 2. WEDOD, A5 THE
ERTWD FV ORAFIO DM EZ 252, 2.8 DLEBY, MHBELROHFRAEHKEZ 7 &
BN AL ) —IVEF~EEL, FV & LT 1.5 g(Dh)t ([ 0.075 pg(Ffl)/mL) KO 7.5 g(
iyt aaT o7 a7 —miH 1 Z2E&ELEZ. ZORE, 7.5 g/t OEILET 90 % B~k
L7228, 1.5 g(Zifl)/t DELERD 150 %E & 72 - 7z, EERHRINC X 5 RINENGGRER & 8722 5
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&7y, ®iZ, RINREDOENMIEVEINERRE S BROIMERLE LT LND, SHED
HROBMAPMBETHDL LEZ BN,

4 FEOH
LGB O FV OERIEIZOWT, RIAS (£ % BICEF BT I~ O PG O /] H 122V TR

L7l Zh, UTOMERSELI, STEORERIBRHBLETHD EEZX L.

1) RIAS {EIZT, FEVICHRMENGGE (GRERIRN) 21772825, v~ N v 7 AOREL
Z0F, EURESME L 7o B ATREMESE A R Xz,

2) FABSHT RN OFE T O~ LR~ A L DERBIESE ZBEIZ, RIAS EOW R ZRAT-
LA, ARICE DA BBORBHAKRNAB L. AT I 74NV E— 2k b58%ZBMT5
ZET, BTN L, WINENGRER (BEMEREM) OERIEENRW E LR, —HoikEHIBs W
T, 110 %ZHB2HEWEIREE o7, HIZ, VUREREI =T AL AERZBENT 2
LT, EUENGE L.

3) YHNARYA TV DOERIEEBZZBICURE LI HE (KK 12T, 7.5 g/t TOERMENLE
B (AR 24T o T2k RIE, 70 % B EEWEIER L rofc. WEOTD, A THESN
TW5 FV OR-F O N2 252, fHBEELOHREEZ 72 S afmanb A2 ) —E
HBAEE L. 2o@mnEGER (RAGN) OfEE, BIERIT 90 %H~kE L=, 1.5 g
fili)/t DEIEED 150 %E & 72 o 7. BFIRMOTMEGERER O #5513, BEEREINC X 2 3EhnE]
IGEABRRE R E B o & 220, HIZ, WINREOEWVICEVEINERRESERDFERER-
7=
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