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Developments in the Protein Utilization
of Abundantly Caught Fatty Fish
VI. Preparation of succinylated total protein from sardine

muscle and utilization of the modified
protein by microorganisms

Yuji Kawar*?, Hiroshi Nomara*?, and Mutsuo HaTano*!

Abstract

The total protein in a 5%, NaCl homogenate of sardine muscle was succinylated.
Whether the succinylated protein (SP) is utilized by the microorganisms, Streptococcus lactus,
S. thermophilus, Penicillium camemberts, P, caseicolum and P. roqueforti was investigated for

purposes of application in cheese analog foods.

Amino acid composition of sardine muscle protein and the associated SP showed high
nutritional values. Streptococcus sp. did not produce much acid from SP until defatted milk
was added to the medium. Penicillium sp. satisfactorily digested SP in the presence of 2.0%,
glucose and 0.5%, KH,PO,. Curds made of SP by glucono-d-lactone acidification were
decomposed by P. camemberti and P. caseicolum, and water-soluble nitrogen content of the

SP curds increased linearly with the incubation period.

It was found that Streptococcus sp. was not a satisfactory starter for SP curd formation
but Penicillium sp. was applicable as a starter for the SP curd ripening during the cheese
analog manufacturing. Therefore, it was suggested that SP is available as an ingredient in

fermented foods like cheeses.
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HIERMBRTVE,M Z0L 5 etk HHCERTIE, 2 > =afhs v oy BE

WS EEORBERRTH L ¥ — AFVBORBOFEN L b wEEL TR LD,

FLx v 22 LA % FI A U Cheese analog (+ — KBHEEAR) ©oWTiE, $FTATEH
BYREEN—RAELIELOBRSEALE FREA T3, Hl2E, KEHE2FEM & LT, Hang

* QLB E KRR EE M AL — R

(Laboratory of Food Chemastry, Faculty of Fisheries, Hokkaido University)
2 A EL YRR ERRSE

(Hokkaido Kushiro Fisheries Experimental Station)

— 62 —



NED: SBHLERE2 v -7 AOREFA VI

and Jackson® (LFLBEEE % & — & — & L C Streptococcus thermophilus % Fv~, M HY 12 A % —
2 —1Z S. thermophilus & Penicillium casescolum % Fi\~, JIIA 9% 8. thermophilus & Sacchar-
omyces fragilis DHFAC L » T, F¥— AFRBEABT S LERALT5, ¥, Chen b 11X
Bl s v R BEAEL F— P H_N—RELF — ARYPUELFOIAMLEREAFEL TV %,
BA % FH & L7 Cheese analog In0\W\ TIEGEEE 7 034 & TRA T 5 0%, {LFBH L TH

B A LSRR E v s BERM E L DREFD RV,

AT, <A 7 ORBLEEHFRELY BRI, ~1 7 v A»LHH LHRBES v <7
BCilield, BDKEDF— F HEEY 7 o =A{bl, Fhtisr - ARORBRFZOEMELT
BRTENE I DEARDL L L L, Thbb, = 742 v =L v s BOWEEY,
B F o 55— BB X B Streptococcus JB 2 1 & Penicillium J& 3 i X 5 FI A%
EOWTHRH T > D THET 5,

BEHBLURRFE

HEE S LRETDEOEBHECHEE ShBEET D < 1 7 o Sardinops melanostictus %
Avic,

BLRXWIE  Streptococcus lactis, S. thermophilus % 10% BifEFL (SMAE KK) &L
L ORAMBEAZ — & — & L, ¥i, Penicillium camemberti, P. caseicolum, P. roqueforti %
EFPFFA LR - AEREMICHEEL, pERAZ—g-E LT,

BN K1 erThHERL Ty 7 v 2 ftrRAB L, Thbb, <4
7 < MR 15 (52 04 5Y, NaCl A%E# (pH7.0) 2z, k& FT2HMreoF 1 XL,
D<AV AAETF— FEHET LY OBRECE > TEKI A7 BEMLTY 7 > =11k
L, NaOH ¢rhfifgic <A v v % v b (PO) TREWEBRELL DL, <~ TYHY 7 =0
&8 (LLTSP LERE) & L7, SP 11 —20C CHERAL, BATHHRICIAC —K
HBLCREYToTee # Vv A7 BEEIFR Biuret 5%, 47 > = MEREER 1 TNBS (2, 4,
6-Trinitrobenzene sulfonic acid) = X % F#Y CHIE L=,

SNV BOT I /BHMEEODT EKETE PEEFLY OFERE, =5/ -~ AARLT
=FA =T ARERT> T=F AG EIRBRHRELLRARCOVT AN £ 2 v A4k VEINK
S (115°C, 24 BER) %47V, BIL835 7 ¢ /VBMABSWHCHLTT  /VBERY RO, &
D7 BERID, BRI - TULAT I/ BiEH (EAAindex), 7 3 /B2 27 (AA score)
BPEHL, ¥, 2 V-7 BH%E (PER) 1 Alsmeyer ' OFHK,

PER= —1.816+0.435 (Met)-+0.780(Leu)+0.211(His) —0.944(Tyr)

WCHE > Toktn, #2721, (Met), (Leu), (His), (Tyr) &, £7 3 /BB 100g 470 0FKEgH
THbo

Streptococcus Bi- & DERBMBORE 3% SP KEWK & 10% BRIEAXBR TR HE 2 F
L, 100C, 15 5RIOBE®, AMEA % — & —% 2% BEERGEL T4TC THRL, EHOCR
EERAE LT, BER, EhcEBoKEME, 7=/ -4 7201 v&igmRELLTN/IO
NaOH T¥E L 7o

Penicillium Ei= X % SP ODREBORE (a) 3% SP KE®, (b) 3% SP-2%7 7 + — AKE
W, (c) 3% SP-29 72— 2-05% KH,PO, KEHKD 3 EOEIHIC Penicillium B EEL,
30C CEEEX T » 7o SP OSBRI, BEHEBIC25% HBH\ i1 5% V7w e EElE (TCA) Tk
Bt s s vy By R Bluret ETHRIE T A Z LILX » TRDT, .
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Sardine muscle

Comminuted by a single pass through a food grinder.

Minced muscle

Added 15 vols of cold 5%, NaCl solution, pH 7.0, homogenized at 10,000 rpm for
2 min and allowed to stand for 2 hours.

Filtrated through a layer of gauze.

——— Residue

Filtrate

Residue

Added 10 times the weight of succinic anhydride per weight of muscle, maintaining
pH 7.5-8.5 by 4N NaOH with stirring.

Reaction temperature was 0-4°C.

Adjusted to pH 3.5-4.0 by 4N HOL

Centrifuged at 5,000 x g for 10 min.

—— Supernatant

Susp_ended in distilled water.

— (Repeated more 3 times)
Neutralized by 4N NaOH.
Filtrated through Pylene (PO) net.

——— Residue

Filtrate

Succinylated total protein (SP)

Fig. 1. Preparation of succinylated total protein (SP) from sardine muscle.

Penicillium RIZ & % SP h— FORBBOME 100C, 15 SO mEBEE % L1 3% SP K
BRI 7 v a— 2 2%, KH,PO, 05%, 1= /-6-5 27 + v (GDL) 1.5% %% (SP ORiEgE
2.4%, pH4.5), # — FEHE IR, ThEAR 30 mm OABFHORIC A, 14 g/ecm? T4C, ¥
0BEEIMEL, ¥ —F & Lic, ZD4 —*i2 P. camemberti, P. caseicolum %8 L, HIBE
86% DF v — £ —h, 20C THEEL, BRAIICKEBMES v 22 BB, KESEEEYRE L,
KEBERGEF — XHWEDY CECTHHL, SRR rAr 8 —AEBRIDEEL, V-7 Hik

"R Biuret IEic X 2 EBE DR 625 ¥V TEEBCRE L,

BEs LU

AR TCIXARNOEGFIADOBANS <A Vv HOFES R — F¥PEEY 7= ALT A LT
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Lo SPHARLI, =1 7o HALL 15FA5%Y NaClick 32271 XCHED 13.8% D
AV AZERMEIh, FOROEBFICI OHts v 2 BED 69.0% O SP2MEbhi, Th
X, HED 95% ML, TGVEL v A7 BLHESM s v 7BV 7 v = {thria ¥
RTWBEELLRD, V7 v = M LRIGERIT 91~95% LB X hiz,
RICFETEIORE, <A HHEs v 2B ESPIRI, BR7 s /BELT, 745 s VBB
A vV RENRELETRTOBD, F27v=n{lick - TEH16g
Wi b7 i ) BOBEOWHED NI, EAAindex 134 7 v = ML X » TRRBWA LI
2%, PER i1 b2, AAscore i1 & & 100 7R LTz, =4 7 v OFEMBMEs v <7 BL XD
Fr o= fthoT I BER?Y LhNBE, ARRTRI VY, FrY Y, LAFIVOER
BEFTH BN T I VBBV, Brersr g i YBEOEWZ EARLAT,

Streptococcus B L BBEDAERIT, M2 ICRTL51E, ML TSPOALLR BB TR

Table 1. Amino acid composition and nutritional evalua-
tion of muscle total protein and the succinylated

product from sardine.

Muscle total Succinylated
Amino acid protein protein*!
(g/16gof N)  (g/16g of N)

Methionine sulfoxide 0.06 0.14
Aspartic acid 11.19 10.83
Threonine 5.03 4.96
Serine 4.36 4.30
Glutamic acid 15.87 16.13
Proline 3.66 3.43
Glycine 5.00 4.57
Alanine 6.84 6.51
Cystine/2 0.20 0.31
Valine 6.06 6.44
Methionine 3.46 3.25
Isoleucine 5.37 5.16
Leucine 9.34 9.19
Tyrosine 4.25 4.19
Phenylalanine 4.87 4.57
Lysine 10.48 9.76
Histidine 3.01 2.78
Tryptophan 1.36 1.36
Arginine 6.69 6.77
EAA index*? 84 83

AA score*? 100 100
PER** 3.1 3.1

*1 Succinylation degree of protein was 90.9%,.
*2 Less arginine and histigine.

*$ Values compared with the FAO/WHO (1973) pattern.

*4 Calculated according to Alsmeyer et al.'”
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Fig. 2. Acid production from SP at 40°C by Streptococcus lactis (A), S. thermophilus (B)
and S. lactis and S. thermophilus (1:1) (C).

Medium : 109, defatted milk (DFM) solution, 0——; 19, SP-6.7%, DFM solution, @
- - -; L.5%, SP-59, DFM solution, A------ ; 29, SP-3.3%, DFM solution, a—-—; 3%,
SP solution, O—--—; 3%, SP-29, lactose solution, m 3

Protein succinylation was 95%,.

1007 =g 100

80r 80¢

=

g oot 60}

Z 40t 40 g

2 . . LNy
< 20t Medium (a) oof Medium (b) oot Medium (c) ~
[&]

o

0 - . . 0 . . . . . .
10 20 30 0 10 20 30 0 10 20 30
Incubation period ( days )
Fig. 3. Digestion of SP by Penicillium sp. at 30°C.
Medium : (a), 3%, SP solution; (b), 3% SP-2%, lactose solution; (c), 3% SP-29%,
glucose-0.5%, KH,PO, solution.
Symbols: © , 5% Trichloroacetic acid (TCA)-precipitated protein for P. roquefor-
t; o~---, 5% TCA-precipitated protein for P. camemberti; a-- -, 2.5% TCA-
precipitated protein for P. camemberts ; O------ , 5%, TCA-precipitated protein for P.
casevcolum ; m------ , 2.5% TCA-precipitated protein for P. caseicolum.
Protein succinylation was 95%,. i
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<, BHPBREIALYENTS 2 ik > THEMNESEORMAER L7,

FTiebb, 8. lactis TIL, SP OLOEHTIIER LA LBOERITE S, BIEALOMEEL K
BB EBEREIHENTAEARR bR, S. thermophilus TiX, S. lactis & A RIS,
DFFEC Y > TRRAEREIHMML, ik 8 B B LIBRABICRAER MR S hi-23, 24 BRIE
TRERAOAZOER L v SP LA OBAK CHMERENA X L AERNER L.
fe, SP D LD T S 24 DK E THT A CBAERN RS bhic, S. lactis & S. thermophilus
DL TEERE —# -1 X BEERIL, S. lactis 5\ % S. thermophilus DF W ER B OBE
DIIFHEHEGTH Y, SP DLDEEM T, A3BEORZ —~ 2 —Oh TR LBERIT A X
oteh’, BEAOFET HIBHICENS R0 20% LTFOr A TH oo WTFROR R —
A—HAVCIEEBLL T 7 b —ADHEMC L 5BAREOBMGR IR EALRLAY, ¥,
SP DZ bl A TIERRBRE Ik -T2,

AREZA TR, 49 & R AERBN I8 U CHLBR R e R L, BRI 23 3.0 5 < 10T % & BB\ th
ED, - FVEREETLIZEPMORT VW58, 8LV 28, B SPoBS I REER Y
KEFRORRICL » THBEOMEAML bABOERAPRG-EDEE IR, ik, A3
BOHBEA R -2 -~ TSP OSEEIIR LA LRD LRI, T,

20r

Y
(Sp)
T

—
()
Y

Nitrogen ( g/100g. solid )

o

0 10 20
Incubation period ( days)

Fig. 4. Changes in water-soluble nitrogen (WS-N) and water-soluble proteinic nitrogen
(WP-N) content of SP curds during the incubation with Penicillium sp. at 20°C.
Symbols : 0——, WS-N for control ; ®- - -, WP-N for control ; A——, WS-N for P.
camemberti ; a---, WP-N for P. camemberti ; ——, WS-N for P. caseicolum ;
m- - -, WP-N for P. caseicolum.

Protein succinylation was 95%,.
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Penicillium iz X % SP 0582, I3 AT X 51, SPABROBEH CIIEZEELIZEAL
BDHLIIED T, SPKBHRICT 7 b — A% 2% BN LI TR OBELRD b h, FOSM®
K3, P.camemberti> P. caseicolum > P. roqueforti DIETH »71z, Tib, 30C, 30 HEDE:
EILX 5T, 5% TCALE 2 v <2 BRI, BHEERE L T\ 7\ Control i&xt LT, P. camemberts
C 88%,, P.caseicolum T 4% &7ch, 25Y% TCAWEB 2 v 7 BEE, ThFh42%,69% &
Teotz, ¥z, SPRKBRIC T Vv a—R% 2%, KH,PO, % 0.5% iz 7ciEi#cix, P.camemberts
& P. caseicolum = X % SP O 43I Te b HES, 30T, 30 HREDORE T, 5% TCA Iz v <
7 B BT P. camemberti T 25%,, P. caseicolum T 30%,, 2.5% TCAk#& s v <7 Bl rhFh
22%, 27% ECHA L, SBERLE v A7 BOABS BT CRESFLIRTV5 2 E2ED
bhtc, ZTOBEDGHEERIL P. camemberti > P. caseicolum T - 12,

BRI, ABER2 —2 -0 01z GDL # B\ CHBLL 7= SP # — ¥ iz Penicillium &% ¥
BLTHRIRCBEOKER S vy HEEEXE, KBEEXEOTLYK 4 w77, Control
TiL 20 HEOEZBIC W THKBEHEZERBAObLT N REMULRD bhith -T2, P.
camemberts, P. caseicolum % ¥fE L7c b O C BT, ERMCELVEIMERL, 20 B E
TME & L EKYLI 014 g/100g OEMERR L. HE E D 10 BB TRABYEEEDI B
130T 100%, KB & v 7 BRRERSED T8, 200 HE TS v 7 BREEERS DL
B3 EED B, BT P. caseicolum THABW 2 v 27 BoBPLRbhic, 2oz b2, I0AH
LIRE, P. caseicolum TRIKBWEEZ v X7 BWbRTFF, 73 /B E~OBEENE vy
BOKBHEELY BARZECZ ERREL TS, kB, »— FEBRARO®EME L by —
ARROBSERBRB L 7o b, BYOWELBELCRILL, BELELLETTS 2 L8R I his,

fham & LT, Penicillium JBix, SP 2 FH 3 ET HBEN%H LT 50 T, Cheese analog D
BROKCDDOAL -2 — L LTHRATEETH D, Fi, SPiX Cheeseanalog DFEM & v B2 =
EDRBE I T,

it &

AP ELAT S ChHic b HBORE R E R K BTG RS RERIR, ERE—-L¥HK
¥, mLUCHABRYREL T odbigd EREETIR BE— BRI RS 5,

X 73
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