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Abstracts

Medium pressure and mixed enzyme were used to hydrolyze raw anchovy under controlled conditions at a batch-
pilot plant-scale process for the production of anchovy protein hydrolysates (APH). Mass balance calculations were
carried out so that the degree of protein solubilization and yields could be estimated. Almost complete hydrolysis
could be achieved in 12 h, at 50°C and 75 MPa, with no pH adjustment, at 1% (10 g/kg) mixed enzyme using
raw anchovy. This was achieved with the addition of water (1/2 raw anchovy/water). The degrees of protein solu-
bilization and yield were 63.50% and 55.61%, respectively. Fractionation using UF/NF pilot scale systems was car-
ried out for producing four different fractions on the APH. Successive fractionation on UF and NF membranes
allowed the concentration of the peptides of selected sizes without, however, carrying out sharp separations, and
with some MW classes being found in several fractions. Spray drying processes for 10 kDa permeate were
described to increase their usability. The free amino acid profile of the fractions was identical to that of the APH.
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i TR B2 vho] QAR oA Ml wke 91t
R o] ALY HH 2 E peptone®| 2l §, Pasupuleti &
Braun, 2010)2.2 Al&2] 7% k¢ (Kristinsson & Rasco,
2010) 0.2 &3} HAA T Aol S 51 S 95 2L
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A 20 B TE AP E st 245 EEs A #
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17,000 rpmellA 4l EEsiiom, A4 8 A AEE
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250 Da®ll 4] 5kDa Ato]€] #2&-& APHN-122 UHXA]
250 Da ©]3te] &2 APHN-2Z BH3 & 478 &
A7Z st 4°CollA] AR gt AN 4G A 5E A
Ak FAAZE ANEE 2.5% wivE Al £33 Foll A

7

H(Yun et al, 2015; In et al., 2016b)olA] &} 7+ WlHo 2
pH, 784 238% &%, F I1JE I, 9%, Na TF

2 A AT Sy 7o 2a)3lEld ES =A 5T

Mass-Balance H|At
AAE 2 Fx R A ) agy 33 A 3A
=

(Fhel 7zt step)ell lo] FAI9k AT (Kjeldahl), 5

hu

T 3 IYE IS SYsA 1) ¥4, B, 26w
wae] P9 2) @A ERaEe] W 3) 448 F
$Foe) T 4) BAZIGEL VRN 2oy

F(Nx6.25) 5) APHS] = &k 6) APHe| 138 &
(drying at 105°C until constant weight) 2 7) UF/NF
A T FA 9 e ShgES GAME R S8k Al4Est

et

Centrifuging Index for Protein (CIP)
Himonides et al. (2011)2] W uwlg} 7FEs] 5o



316 o)3}A - HES- . o)A

o,
(it
A%y
i

43| &= (the degree of protein solubilization)
= WO = centrifuging index for protein (CIP)S
() Wk pEsac. Auee A £ ArdFe

r 1=

B ot g
v
o
=

CIP (%)
i@%k(APH 1 mL‘%)
2 & 1 mLY)

3Fod Gel permeation chromatography (GP

(In et al, 2016a)9} A3 WHoz Y3}t A&
GPC system< AKTAprime plus system (GE Healthcare

Life Sciences, Buckinghamshire, UK)°|%1 o™, ZFEH =2
+ Vitamin B, MW 1355.37 Da, Sigma, St. Louis, MO,
USA), Vitamin B, (MW 337.27 Da, Yakuri Pure Chemicals
Co. Ltd., Osaka, Japan), L-Glutamic acid (MW 147.13 Da,
Samchun Pure Chemicals Co. Ltd., Pyeongtack, Korea)E

ARg-s T

== N

7175 (Spray drying)
—‘%73_ 71(SD-1000, EYELA, Tokyo, Japan)Z

ﬂ

o] g-3fe]

10kDa &2]oj3}uts 5313t APHU2E EZAF 2 A
ia%w
Hydrolysate  APH
UF 10,000 Da
Enriched in MW UF UF permeate Almost free of
2 10,000 Da ‘ MW 2 10,000 Da
APHU-1
r‘ UF 5,000 Da |
Enriched in UF UF permeate  Almost free of
5,000 Da £ MW < 10,000 Da i MW 2 5,000 Da
APHU-2
NF 250 Da
NF retentate NF perneate

Almost free of MW = 5,000 Da
and enriched in
250 Da = MW < 5,000 Da

APHN-1

Almost free of
MW = 250 Da

APHN-2

Fig. 1. Flow diagram for Ultrafiltration and nanofiltration.

SAXE

tolg e FAAE = 38k 3
(Cary, NC, USA)S Al&3le] ®A4HEA-S 313, Duncan]
HSHAAA (AT 5%) WHo 2 A3

2E ﬂﬂokﬁ AL
To Azxd rtrslEe] FA=
2518 kgo & A4t Aol A 7] ALt FAI(33.11 kg)H Tk
°f 8kg A=7t EHHNeH, 4R F

%(ﬂ 0.11 kgA oA,

ii_}\]]

S R
= 22kgo 2 oF 3kg AET} SAHJAT o= &R ¢}
A&5Y A4 A HollA wAuer Xek gom F
ZHt} ghelod 3 A|2E(MWCO 10 kDa)yS 53te] £33k
10 kDa retentate A 5(10 kDa<MW, APHU-1)¢} permeate
A ZE(MW<10kDa)®] B]&-2 7tz 12.23%°} 87.77%%<S
™, 10kDa permeate AlEE ]I} A Z~EH(MWCO 5
kDa)2 ©]-&3te] 22} &gk A3} 5kDa retentate A 5.(5
kDa<MW<10kD, APHU-2)9} permeate *] Z(MW<5 kDa)
o] Ml &2 ZH7} 11.36%9) 88.63%% YEFH 2™ 5kDa
permeate A 55 W= A[ZH(MWCO 250 Days ©]-&-
slo] 32 2¥3F A} 250 Da retentate A F(250 Da< MW
<5 kD, APHN-1)9} permeate A| 5 (MW<250 Da, APHN-2)

Hydrolysis 25.18kg (anchovy 11kg, water 22 kg,
| centrifugation ~ €"ZY™Me 0.11kg)
APH 22.20kg
r UF 10,000 Da
UF retentate UF permeate

12.23%(2.72kg)  87.77% (19.48kg)

y

l UF 5,000 Da

UF permeate
88.63% (17.27 kg)

y

UF retentate
11.36% (2.21kg)

r NF 250Da
NF retentate NF permeate

83.89% (14.49kg)  16.11% (2.78kg)

Fig. 2. Mass-balance calculations for the production of the
soluble anchovy protein hydrolysate.
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o] ¥]&2 717} 83.89%9}F 16.11%3A ) ZF £ &2 v &
S A3 AFFR 9] EAA A|R7T dead volume ©]3F=E
ks A9 5 wol ol Holdd AEE 2olF7]
izl AIFA T F A5 Fol STttt whEbA
211—211—94 /\] = Zj_]z_g],

BAFALG AT B2 APHE S| w8
o]
=

AlAFsle] Table 1] YERA

=
243 A7 F 830.43+9.73 g¢] T Ho] AF=olo]
At kel & @ 83 =(CIP B rate of
protein solubilization)i= 63.54+3.12%2 ZAF= AT

Table 20l BATAGEL7IFENEZTE APH 2
7t 28] $A1x F T wE 8 ¥ dadde
Nz & e VeI 2t AR B4 A% F
AT FRIFS 7IFoE et HAFItE AT
Bl % 839 kgD ANH 7150 BAFIYE LIRS
2 F%o 21kgolom, APHO| 71% TS 1,11020g
o7 AXZIYFTA7SFEINE UH] 52.86%2 &S
UERSITE 2+ #3852 12 T APHU-1 1302g,

APHU-2 9490 g, APHN-1 309.99 g, APHN-2 59.51 go|
Ao HAFuGa AT E e FEE S A

Table 1. Protein solubilization for the pilot-plant enzymatic
hydrolysis of anchovy under pressurization

Anchovy/water (1:2)

51.90+2.52"
63.50+3.12

Protein concentration of washed Anchovy (g/kg)
Soluble protein/total protein (CIP) (%)

YMeans+SD.

op

3 W29 47 715 317

Z}Z} 6.20%, 4.64%, 14.76%, 2.83%%= APHN-12] 4=£-9]
TYEE T 7MY =4 vUEtETh &, 7= o
o] 250 Dadl|A] 5kDa Ate]o] 2 F2 5 3 AaS
1 = AT @A S VFL R she AfolE
AR A4S Boli Tt Z2EU EF FAE o] &3]
E251H, AX]9] dead volumeS AEHTIAE 27% ©]39]
EN

=4o] AR T} Mohr (1978), Kristinsson & Rasco
(2000) 2] 32 Himonides et al. (2011)°] &5} 7}=E3
A GAA FE soluble materialE°] HEO R £AE T,
o) F7brwel] Azl Fosks AdAE =g AH ¢
A v o]t 3|Fgo] Yol dxgrha
sttt &, 7Rl =] A sE flsixde ] AR H O
T e 8 339 AAEZF B asitha e

Table 3°14= APH % 7 2928 $40x & 25%
2 A gallste] SH e EsletE 542 Table 49l= F
o=t S SAste] FAUE AE 1kg T mge
2 et

pHE APHN-2A| 87} 5.9+02% 74 WA Yehgton,
UHA] Al S5 624020014 7.140.1 HYZ Al 7
o7 AT A LT FRH(°Brix) G4 Al
BEHE fAIS A4S UEdloH, dEAE 543 salte]
¥(%)ye APHN-2 A|57F thE AlESRT €53 =7 v
EfsiTh o]Zle o]l Uk AFfHE BF FHFOEH
APHN-2 B3 Eo] »F wl7] yiEolgty AlRH T =,
Wi o3} AJ 2B peptides®] 3T o} 2} desalting®l]
T a3t o= Ag g1 5 AT Ton chromato-
graphy2 & E243 sodium (Na) THFF d=AZE =4
gk Heo] o] AXFA = RUAR, FFXHSE APHN-2
A BN FEHAA 99| sx7F =9or, "uk FX
peptides”} 71 Bo] X = o] Qo o AX = APHN-
1 AlEel 7P A2 sodium S YERN ] M= FASH
43S Ve AT

Table 45 HH, £33 W= tryptophane &

EYEAA 7P WA UEEd 9, ZEEks Ye

il

Table 2. The yield(%) and contents of protein for APH and fractions of UF/NF

UF NF
Hydrolyzate" APH?
APHU-1¥ APHU-2? APHN-1? APHN-2%
Dry weight (g) 2,100 1,110.20 130.20 94.40 309.99 59.51
Yield (%) (dry basis) ; 52.86 6.20 4.64 14.76 2.83
Protein (g) 1,493.42442.32" 830.43+3.24* 95.57+2.45° 71.37£3.12°¢ 244.27+2.14¢ ND
Yield (%) (protein basis) - 55.61+0.08" 6.40+0.06 4.78+0.07 16.36+0.05¢ ND

YMedium-pressure assisted enzymatic hydrolyzate of raw anchovy.

Medium-pressure assisted enzymatic hydrolyzate of raw anchovy after centrifugation.

910 kDa retentate (10 kDa < MW).

95 kDa retentate (5 kDa < MW < 10 kD).
250 Da retentate (250 Da < MW < 5 kD).
9250 Da permeate (MW < 250 Da).

"Means+SD with different superscripts in the same raws are significantly different (p<0.05).
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Table 3. Physicochemical properties for APH and fractions of UF/NF

Solubility (%) pH Brix (°) Salt (%) Na (g/100g of powder)
APHV 100 7.1£0.192 2.9+0.2° 0.32+0.2% 4.5+£0.2°
APHU-1? 100 6.4£0.2° 2.8+0.2% 0.07+0.2° 4.4+0.2°
APHU-2% 100 6.6£0.2° 2.4+0.2° 0.18+0.2° 4.7+0.2°
APHN-1¥ 100 6.2+0.2° 2.5+0.2% 0.00£0.2¢ 1.1£0.2°
APHN-2% 100 5.9+0.2° 2.2+0.2° 1.13+0.2° 15.6+0.2°

YMedium-pressure assisted enzymatic hydrolyzate of raw anchovy after centrifugation.

210 kDa retentate (10 kDa < MW).

95 kDa retentate (5 kDa<<MW<10 kD).
9250 Da retentate (250 Da<MW<5 kD).
250 Da permeate (MW <250 Da).

®Means+SD with different superscripts in the same columns are significantly different (p<0.05).

glutamic acid®] 32 APHN-1 8 %Oﬂ/ﬂ 7}1} =A Y
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o] ol FH peak 0] AA 3= H &S A
APHN-214] peak 1¢] H]-&-2 0.0%= Hebd wF
o] §HA| EA}FFo] WolAFE peak 119} 1M1€] H|E©]
A YERATE In et al. (20162)8] A7E Aurw gu=
7} A= arginyl dipeptidess FF peak 1o Ex =
dol ETHAL 33l oH, ol EiE #AF FX% g
?l A3 APHU-29} APHN-1°¢] #utEx=Z2<20 arginyl
dipeptides”} Th& EAE A0 2 FZ5F| Q).
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Table 4. Free amino acid composition of the APH and fractions

of UF/NF (mg/kg of freeze dried)
UF NF
APHY - .
APHU-1? APHU-2" APHN-1Y APHN-2”

Asp 2,910 29,874 22,802 39,890 3,921
Glu 54,765 39,170 39,505 83,311 3,406
Asn 806 626 538.7 205 495
Ser 1,007 16,675 10,604 311 29,002
Gln 1,437 14,973 14,777 7,412 9,868
His 20,003 17,403 18,179 20,973 7,837
Gly 17,640 11,751 11,847 709 34,819
Thr 28,727 22,460 23,407 10,055 21,729
Arg 1,432 33,963 17,701 36,624 11,489
Ala 44,043 33,353 35,620 6,495 64,358
Tyr 7,392 17,193 51,743 5,771 8,208
Val 53,794 28,536 29,778 26,188 18,870
Met 22,311 19,384 19,503 8,625 24,513
Trp 3,659 3,246 3,582 2,015 3,454
Phe 25,187 25,183 28,782 12,141 28,747
Ile 32,177 28,703 27,883 35,103 14,280
Leu 51,929 50,500 49,886 54,282 32,402
Lys 16,246 48,333 50,688 100,376 12,209
Pro 7,503 7,326 8,094 2,598 10,248
Total 374,979 448,650 464,917 453,082 339,856

YMedium-pressure assisted enzymatic hydrolyzate of raw anchovy after
centrifugation.

910 kDa retentate (10 kDa << MW).

95 kDa retentate (5 kDa<<MW<10 kD).

9250 Da retentate (250 Da < MW<5 kD).

250 Da permeate (MW <250 Da).

H 5 7P H o= ofe] FofollA ot
o7 o]&HiL St wo ‘:}"]”}9} 722 dzRE
E 5 HI-W7E Alste] o
&3t &= 7o Oﬁqwo] LE]'—‘/]r xS g
23| (deordorization by spray drying)oll 2|3t Bt} W) <]
masking &7 2 FHF4HE0] ekgAlo] E3 tIFOEA A
A Q1 Aiko] 7hsak, Bk AR dAellA A A5

A, AdsA Ae2 5 e ARl Ak olde AHS
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A 10kDa permeate =, APHU-29] 84S S3A|
I 2L AR S LA A 271
Alste] EF7% &3 T FFE 545 23E Table
56 YER AT
Zyzre] g2 71719 943 10 kDa permeate 73 A]
(375 mL)dl| EAIsh= 2FE (1838 /375 mL) tiH]
Az4 394 °] —‘?‘71]( Y WiIEEE YER AT 527
of m& A& &2 240l wet 2H2 34.01£1.05%,

8=

I Hydrolysate APH

10 kDa <MW APHU-1

5kDa<MW<10kDa APHU-2

Detectorresponse (mAu)

250Da< MW < 5kDa APHN-1

APHN-2

A_/\»/F\\/\ MW < 250 Da

o 50 100 150 200
Retention time (min)
Fig. 3. GPC chromatogram of the APH and fractions of UF/NF
(Peak I; 1,300 Da<MW, Peak II; 250 Da<MW<1,300 Da, Peak
III; MW<250 Da).
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22.31+1.12%, 25.61+0.95% L8] 3L 27.70£1.03%R oW, <
WS 7H7E 9.11+1.05%, 9.33+1.22%, 9.66+2.52%, 9.44
+1.30%% YERATE Inlet temperatured] wE A5 Ay
X atomizing pressure’} 180 kPaZ 318 % condition 13}
condition 3¢] F&& Y e A inlet temperature’} Tl
w2 condition 18] F&°| B A YES O, atomizing
pressure’} 240 kPa= A ¥ condition 29} 32 H|wsH A
3} inlet temperature”} Tl ¥ condition 39 F&°] U
=7 UEttl Atomizing pressured] WE &S Hw S
ZA3}, inlet temperature”} 180°CZ XA ¥ condition 13} 4
oAl atomizing pressure”’} B -2 condition 19] F&°]
B =7 Yelt o™ | inlet temperature”} 200°CS! condition
337 49] &S HWSNE W% atomizing pressure”}
w2 condition 4] F&°] © A UERRTE weEkA
EEAZX &L inlet temperature 2 T} atomizing pressure
of dF= T o] ¥e Zow FZHET o3 A=
NaCl/maltodextrin &3=2] EF-AZ vX]= 374 E‘i—’F?/]
J &kl ek Cho et al. (2015)] B39} §AHS 7
YERNZ 9tk Chindapan et al. (2010)2 ¢
electrodialysis3le] @5 =g €El3le] AEE F
73%-, inlet temperature’} 7H Q23 Mgy W
A gk o] 9-oll= atomizing pressures 3JHTZE

A &Sk7] W Fo 2 AlRE )

001

A

€

o r?lo

ool N
32 o o m{o

A
I

[¢]
-

kO

sl = as pilot plant 7752 A& O_]/\]_‘fLa]
19h ko3t 3 (UFQ} NF)Z APH 2 %23 2%} o}
4714 £3 A Z3HA 1:]— :Lﬂ B3 2o Hul 7

Table 5. Recovery ratio and moisture content according to condition of spray drying

Condition 1" Condition 2? Condition 3¥ Condition 4%
Recovery ratio (%) 34.01+1.05%¢ 22.31+1.12° 25.61+0.95° 27.70+1.03¢
Moisture (%) 9.11+1.05* 9.33+£1.22° 9.66+2.52°* 9.44+1.30*

DInlet temperature 180°C, Atomizing pressure 180 kPa, Blow power 0.50 m*/min, Feeding rate 500 mL/h.
IInlet temperature 180°C, Atomizing pressure 240 kPa, Blow power 0.50 m*/min, Feeding rate 500 mL/h.
Inlet temperature 200°C, Atomizing pressure 240 kPa, Blow power 0.50 m*/min, Feeding rate 500 mL/h.
Ylnlet temperature 200°C, Atomizing pressure 180 kPa, Blow power 0.50 m*/min, Feeding rate 500 mL/h.
>Means+SD with different superscripts in the same raws are significantly different (p<0.05).
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