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Fish Meal Replacement with a Mixture of Plant and Animal Protein
Sources in Extruded Pellet (EP) Diet for Red Seabream Pagrus major at
Low Water Temperature
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This study aimed to evaluate how fish meal (FM) replacement in diets with a mixture of animal and plant protein
sources affect growth performance, feed utilization, hematological parameters and innate immunity of red seabream
Pagrus major. A control FM diet was formulated to contain 65% FM (Con). Two other diets were prepared replacing
FM in the control diet with a mixture of protein sources (wheat gluten, soy-protein concentrate, tankage meal, and
poultry by-product meal) by 30 and 40% (FM30 and FM40, respectively). Total 300 red seabream (body weight,
77.6+0.3g) were distributed to 12 tanks (300 L) in 4 replicates per diet. The fish were fed the diets to apparent satia-
tion for 19 weeks. After the feeding trial, no significant differences could be observed in growth performance, feed
utilization, hematological parameters, innate immunity, and survivals among all the dietary treatments. This long-
term feeding trial at low water temperature (13.8-17.5°C) indicates that a proper mixture ratio of wheat gluten, soy
protein concentrate, tankage meal, and poultry by-product meal can replace FM up to 40% in red seabream diets.
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M B = o o aitalo A 20194 5,502F YA Qlon, AH of
FFA ABAREFS oF 6%5 AHA|FITHKOSIS, 2021). A|&571s

A o FFA] AT X]‘)r 507 G55 S7HER AL, 5}1 AR E FAE QoA = A= W of RohiAle] At
QA7 4H|EE ole] Mubjeol offt FAS o BRET 7} AFeE Agolck A4 BuARL of Lo uls) At
%E}(Galkanda—Arachchlge et al., 2020; FAO, 2021). 9FA] At IO A 0 2 SaTo] 7155t o] o] tiA R Yoz =
o] Wb glof| whet 4] FH] 9] 50% o]Ak-S AR Sh= i gHA 2 AR E T ME}(Glsbert et al,, 2016; Lim et al., 2020). tf5

=79] 3= Y= 2l ol (fish meal, FM) 2] 4= 87} H153] F71skaL HH(soybean meal)S THH 2] O] FFk(OF 45%)0] =11, —’FT}O] 2
UAE, o 7Fe] Zraxof A4k O] of & 42| Hstof] ofsf of ofsto] o] RHAIE 913t thEA ¢ AlE4d YRR o] &5

9] o] B sk ASto| th(Abdul-Halim et al., 2014; Hua et
al,, 2019). o} -8 thil A3} ofu] i Abe] o] Fou] XA
ol ot Am widAtR o = Tl e o= AR-E o] fitt

TH(Kim et al., 2020). -2 Agtobn] A Met, Thr, Lys)-2
2 Q8 S sfatol 7 AFR A= o 29| thA&o] Wt
B 1% ATHCheng et al., 2010; Dawood et al., 2015). E3t, T
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Srdbo]] Z2)31= soy-saponin, tannin¥} 22 &+ 9F1 X anti-
nutritional factors)x= ©]5F2] 4315 W3jlste] oS A8}
=t SlolA eHATE Slis A o= H x| Qth(Krogdahl et al.,
2010). o] 2|3t A& s Ast] fl8f o FHk-E 22k = 7hEgt o
Fs=thl(soy protein concentrate, SPC)o|u i 2]l
(soy protein isolate, SPI)& ©]-83t A7} =8 =] 2 tH(Chou
et al., 2004; Glencross et al., 2005). SPC+= tjj=8}o]| H]3] o
spe] ojgolx 11 olg4o] £ Ao WIECKAS,
2011). SPC= 60-65%2] Zehil 2 sFG-5al Qe k]
715 AlEA YR 2 A R 7K4501(Oncorhynchus mykiss), At-
lantic halibut Hippoglossus hippoglossus, T4 %1 o1(Salmo
salar) AF2 U] o] 2 T)A| Y22 5K Berge et al., 1999;
Storebakken et al., 2000; Burr et al., 2012). U=ZF8l(wheat
gluten meal)2 ZtHl 2] SlafFo] =31(2F 80%), 41349 &+
FRAALE FrFo] it Ala/A Tl d ol H|sl oA
W2 o] Fof 4] o] & AR E A= YT Apper-Bossard et
al.,2013; Arnason et al., 2018; Daniel, 2018, Lim et al., 2020).

T BlddEs dutd o s TR of Fhefo] $=a1(50-
80%) 4124 ghaldelzzo] Wls] ofnlt o] $elet
(NRC, 2011). 7}a-5-AH=E(poultry by-product meal) ==
H 7o W Alegt me, &, T A, 2
Tl o] gheFo] a1, P Ahite] Ao i 55ke] ofF A
&5 Y o] EoiA Tl d e m = A3ket A 0= B E T Cruz-
Suarez et al., 2007; Galkanda-Arachchige et al., 2020). 4]
H(tankage meal):> 7}59] FAHER AB4tE =], AR
obel 84 i ARel 27 th2a] ghek(Choi ot al,
2020). 5=/ A=) A, 2%, KA sEA o
w912 o Eo)] M2l 3L ZCHCruz-Suarez et al.,
2007). 524 Tl A lnt Ao ZHEaAe) W o
AYAEAdH] 9] Bhg 0 2 FAT 0 oA o] HAt A E AL
o], 2 oA Lo 2H =511 Qlrk(Najafabadi et
al., 2007).

gt 712 dBE ARESHo] oS tiAIS -5, AlRtolr| AL,
FRFUA} 22 o] Agta sz lsf of & tiAlEo] W
Ao 2 B E ]tk Cheng et al., 2010; Krogdahl et al., 2010).
Hhd, thefet A 5 5 Sgeto] o] 2 tiAIS A9 7 i
20| REG JOEAE AR BET 4 olold T ARE of
B3t o EA O thAlEo] FTlehe AoR Huw it
(Kim et al., 2019a; Kim et al., 2020; Lim et al., 2020). £3],
FAlE s vl R elR o] EES thepo] o] e ojA|e 4 gl
2| Ao witl o 7 oA QIth(Kissinger et al., 2016; Scerra et
al., 2016). G = thAaro 2 gt 2|2] A4(Kim et al., 2019a,
2020)° 4= F-AES dEdds SRE(CREARER, &
A8k, SPC, WaFE)2 Ak W o2 40-50%7H4] thA| 7}
Sofrtal Qi

=4 o 39 o B A 351

I AR O] A F ol P3RS Foh 53], 3E9] Aol Ae>
71(10°C W&ol gt Abr o] AdF ko] 54 3] st
= Aoz HIE ¢ ch(Barton and Lwama, 1991; Song et al.,
2013). Kim etal. (20192)2 g 2] ALz oA 5 A1 5A4] Thil 21 ¢l
2 EHEE oS ATS W, A 42k 24°C)ollA=
50%714], A4-2(18.5°C o]aholl A= 40%714] ] 7Hs5tch
o stk 3ES To.R B4 4R o g3t ol
oA A obal7) vlEE Aol

o]l Ao A= of O] A AR 2N T A5/ T 29t
E(HAREE, A, 9254, SPC)9] o] 87Hs4dS 3
7WIA BE S 0. A487]0] 71k AL 4T o)
A} 3], A AN A 9] 87 P5AE 0] 34 extruded
pellet (EP) AF2 2 HAAALRE A|2sto] A5 3sk3ich

Iz H A

AR 2/J3= Table 1o YeERHSITE o AR (control,
Con) Yl o]+(sardine, anchoby, 1:1)9] &2 65%7} ==
AL, 2359] Aolst ALR(FM30, FMA0)= W22, o)
SipTh, Sl 9 F1EEAE RO R o 2R ) olig
212} 30, 40% TAAISHES: 2AISoATh AR A 4t
SHl Al ATAIE oA L&A E 7|(ATX-2; Fesco, Pohang,
Korea)2 EP ejo] BAALR 2 A 2k5to] AMESCh AFSA
He AFoa B2 a2 91 25]9] £21778(2020-0035)
& 2palo] 2 195:702) 4717 AE ) ApARRe) of
LAk A HRAE 2432 Table 29} Table 30 22 UreR Qich AF
AR AE BELS A D B A GA%
Aol 4 PIstelch Aol 84 3 ABA 222 9192
FE AT, oBARS #, 25(77.6+0.3 @)= 5 12779
2% polypropylene 43300 L) 4:% 5 2502, 41§
T 4RHRo 2 k9] A E ol RS 19 221(09:00,
17:30) T 5otk A= Aa27] AAdsia(13.8-
17.5°C) Befelatsto] AHgstel 0w 2t 428 f4ego] 34

Limino] ¥ %% 2431910}, §24k00] 442 $18) oo A2
2 Aelo] FREI SEALE BFNAT. BHE FBE

S o]g3to] 12 light:12 dark® Z2FE|QIch ARSAE 5 AH
ol9] F7l= 3tk SAsIA o v AEHAS 2| 4stsl] ¢
3 S74 A 2447 Fo A SIATh AR AR T ol A%
E(weight gain, WG), A7Hd4-E(specific growth rate, SGR),
ArEA]H 5 (feed intake, FI), AFEAl43(feed conversion ratio,
FCR), tHH 8 43} & &(protein efficiency ratio, PER), &8
(survival)2 AlAFSFI T

AT 24 &, 24 2 G onte] 9 ol fE AR Al
5}o] 2-phenoxyethanol (200 ppm)2 THH A ZiTh, & o2 mj 3L
Salo 4 AFtglon] 6ulelE 3nte] o] ole slatelS 30
uL A 2]5ko] hemoglobin 240 AMg-stgon, HEH A
2 41 E2(5,000 rpm, 10 min, Micrel7TR; Hanil Science,
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Gimpo, Korea) & A&ol-S Ha|3}0] aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) &4 714
ZAeYE0] RIK-70°C)3lT}. A ojA|(whole-body)=
WE20C) F, AR Bafste] Qe S Aashsl
oh. AAAEEeE oA ARbdE 412 AOAC (2005) W8+
of whe} B4 =9tk Hemoglobin, AST, ALT= A% KitZ o]
|3to], FHAEEHEA 7| (ch 100°; RADIM company, Fi-

Table 1. Dietary formulation and proximate composition of the
three experimental diets for red seabream Pagrus major (%, dry
matter). The fish meal in diets was replaced with animal-plant pro-
tein mixture by 30 and 40% (Con, FM30 and FM40)

Experimental diets

Ingredients (%)
Con FM30 FM40

Fish meal, sardine’ 32.50 22.75 19.50
Fish meal, anchovy? 32.50 22.75 19.50
Soybean meal® 12.0 12.0 12.0
Wheat flour 14.9 13.0 12.6
Wheat gluten* 1.00 450 5.50
Soy protein concentration® 0.00 5.25 7.00
Tankage meal® 0.00 6.25 9.00
Poultry by-product meal” 0.00 4.00 4.50
Fish oil® 3.40 4.30 5.10
Betaine 0.00 1.00 1.00
Taurine 0.00 0.50 0.60
Lecithin 0.50 0.50 0.50
Mono-calcium phosphate 0.50 0.50 0.50
Mineral Mix 1.00 1.00 1.00
Vitamin Mix 0.80 0.80 0.80
Vitamin C° 0.30 0.30 0.30
Vitamin E® 0.30 0.30 0.30
Choline 0.30 0.30 0.30
Proximate composition (%)

Moisture 6.31 6.89 6.96

Crude protein 58.4 60.3 60.2

Crude lipid 10.4 10.9 1.9

Crude ash 14.3 11.6 10.9

'Fish meal, sardine (crude protein 68.0%, crude lipid 8.6%, ash
17.1%). *fish meal, anchovy (crude protein 69.4%, crude lipid
8.3%, ash 17.8%). 3Soybean meal (crude protein 52.7%, crude
lipid 1.8%, ash 6.8%). *“Wheat gluten (crude protein 83.2%, crude
lipid 3.69%, ash 1.3%). Soy protein concentrate (crude protein
68.9%, crude lipid 0.5%, ash 7.1%). °Tankage meal (crude pro-
tein 86.3%, crude lipid 9.0%, ash 7.5%). "Poultry by-product meal
(crude protein 71.6%, crude lipid 13.5%, ash 10.5%) were by The
Feed Co., Ltd., Seoul, Korea. *Fish oil was by E-wha oil Co., Ltd.,
Busan, Korea. AlphaAqua Co., Busan, Korea. Con, control.

ol -

A= = O o
oled - A - S -

ol

b

renze, Italy)S 53l 24 & 21t Myeloperoxidase (MPO) &
442 Kumari and Sahoo (2005)¢] WS, lysozyme /42
Mohammed et al. (2018)2] W2, anti-protease /32 El-
lis (1990)2] Y-S 7|22 EA51% ) B4 (plasma) W] total
immunoglobulin (Ig) $*|+ Siwicki and Anderson (1993)2]
HHHS wlEl o 2 B A5t A HARS Metcalfe and Schmitz
(1961)9] ol whet === Gk, F2|H A4k capillary
column (112-88A7, 100 mx0.25 mm, film thickness 0.20
wm; Agilent Technologies, Santa Clara, CA, USA)©] A2
gas chromatography (Gas Agilent 6800GC; Agilent Technolo-
gies, Santa Clara, CA, USA)E 53l 4 5 Qlc}. ofm] Al &
A2 HPLC 4 (Ultimate 3000; Thermo dionex, Waltham, MA,
USA)E 53l A4 = et AFALR 9 i3] = LReEA 2
(completely randomized design)S A A5 = HolH
+ SPSS (version 24.0; International Business Machines Co.,
New York, NY, USA)E ©]835}¢] one-way ANOVAZ &7
gttt ol ko) o1 Tukey's HSDE Bt 7t
of A (P<0.05) 0.2 HA ek Hlolel = Hpgh+ 2T
ZHmean £ SD) = LFER| §1 0w, & H| o] Bl+= arcsine H
Gro.s AN F 2AE I,

Table 2. Essential and non-essential amino acid composition of the
experimental diets for red seabream Pagrus major (% of protein)

AAs Con FM30 FM40

EAA'
Arginine 8.77 8.69 8.73
Histidine 2.15 1.89 1.82
Isoleucine 3.99 3.69 3.62
Leucine 5.46 5.25 5.16
Lysine 10.16 9.06 8.70
Methionine 1.99 1.69 1.65
Phenylalanine 3.79 3.75 3.68
Threonine 3.06 2.82 2.74
Valine 7.58 7.05 6.93

NEAA?
Alanine 5.28 5.07 5.02
Aspartic acid 6.92 6.50 6.40
Glycine 8.47 9.77 10.11
Glutamic acid 24.16 26.13 26.57
Proline 212 2.09 2.26
Serine 3.66 3.72 3.71
Taurine 0.56 1.04 1.07
Tyrosine 1.88 1.79 1.85
Total 100 100 100

'Essential amino acids. ?Non-essential amino acids. Con, control.
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1977ke] 471k AL A AT AW A, AR,
AtEA G, TS &, AEEoll A t 2ok Aol A
olof| F-2]&fel xfol= ¢ A TH(Table 4). Biswas et al. (2017)-
SPC 9 o Hefo|E2 2 Al ) ofie] 57-77%714)
A| 7Hs3hckal 2 stk Lim et al. (2020)S S417] YA1&
o2 offet, =55, SPC E3hE3) ofr| Ak 338(Met,
Thr, Lys)S &4 AHg 3ol o5& 2t 40%744) j12 4 9)
Qltkal B3}t Kim et al. (2019b)2 2| o]7] QWA E thAik
© & tfj7uf, =21l SPCE £gsto] AR W o2 30%7F
A A 4= Aot WaFdl, Z=5F 9 (corn gluten meal),
Shuke 28] Easto] AHgahE RA7lgo] AR W o}
2 40%7HA] tiAE 4= Qlokar R E Qlck(Jalili et al., 2013).
WZZHS Atlantic halibut A& U] o] 20%714] A
= Qlthar &4 A @itk (Helland and Grisdale-Helland, 2006).
gt SPC, W, I RHY, YA ETNS Bl
o] A5 Senegal sole Solea senegalensis A= U] o1&
75%7FA] tiAE 4= Qlckal B EQITth(Valente et al., 2016).
E3F, SPC, W2FHl, tiFukE: & ARESH wol(Mugil
cephalus) A& Ul 0138-9] 75%7HA] A 753tk B
tH(Gisbert et al., 2016).

Hie] S04 o] 4lae) Aslelo] Raslo] 4%
4 HuEs AT B¢ 23keo] Wolx|m(Apper-Bossard et
al., 2013), o2 obf Al 9oz A ofn|icite] 4
He|o] opnlicibe MR H7b| & 27t Qth(Ahmed et
al, 2019). %245, $BE, AR ET} 22 7lPE 58
FabEE 7HA o] Agsto] of Rt A dEm=A o] FAjEo] 2
o}l B % ¢l ck(Hertrampf and Piedad-Pascual, 2000; Rossi
and Davis, 2014; Galkanda-Arachchige et al., 2020). Ye et al.
(2011)2 5= A=/ T el = o) 2 &gt Eghalgo] of

Table 3. Fatty acid composition of the experimental diets for red
seabream Pagrus major (% of lipid)

Fatty acids Con FM30 FM40
14:0 4.372 2.93° 2.48°
16:0 26.152 23.69° 22.50°
18:0 9.15 9.70 8.78

18:1n9 17.15¢ 22.32° 24,592
18:2n6 19.62¢ 23.88° 26.072
18:3n3 3.91° 4.32° 4.702
20:5n3 6.86° 4.49° 3.88°
22:6n3 7.90° 4.84° 3.80°

Con, control. Values are mean of triplicate groups and presented as
mean+SD. Values with different superscripts in the same row are
significantly different (P<0.05).
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HojAlof o &&olgta ¥ st Kikuchi (1999)2 i &
uh Az g3 g8, 22 7AdS et gA AR
W o] 52 46%7HA] A <= 21 9)ch Kim et al. (2019a)S- <
371 Y 1(200-1,000 g) Ak= ol WZEl, SPC, A9}, 7HFH4-
AFEES 535120:27:37:16, w:w:w:w) ARE5Lo] o] Eo] 50%
7HA A 7Fs SHAAIRE, A=2(18.5°C ofsholl A= &8ka2
aLefste] 40%7HA] ot A7E 7 A 0= AIjFSHT E
gk, Kim et al. (2020) =54l SPC, A8, 7Ha-akaE
= Zgste] 21017] |A[(5-70 g) Ab& Yl o2 S0%71A] o
AsH=d] A5t} G %ol(Dicentrarchus labrax)S thA:
© & 5 Ao A Scerraetal. (20162 S5Ful, S nE HES
w3tsto] AbR U] o]59] 50%7H4] tiA5+e.on, Torrecillas
etal. (2017) WZFH, SPC, ZZFEY, &0} RS &
T ARgBto] o5 82%7HA] AT, whebA] o] Aol
M U7 BB B AR S A3 25 AM-stE A
ofu|leARS HER 27161A] ghobw Al W ofw]eAbe] FheF
of & #3317} ¢t Table 2). E3F, SFHEE o] 28 A5l

Table 4. Growth performance, feed utilization and whole body
proximate composition of red seabream Pagrus major fed experi-
mental diets for 19 weeks (% of wet basis). The fish meal in diets
was replaced with animal-plant protein mixture by 30 and 40%
(Con, FM30 and FM40)

Dietary treatment Con FM30 FM40
IBW! 77.4£1.09  78.0+0.97 77.5:0.84
FBW? 197+4.04 201+7.27  199+14.06
WG? 15416.82 157+6.99  156+16.65
Fl4 189+9.67 179+5.52  177+1.38
FCR® 1.58+0.09  1.46+0.11  1.470.19
PER® 1.1120.07  1.18+0.09  1.18+0.14
SGR’ 0.71+0.02  0.72¢0.02 0.71%0.05
Survival (%) 70.0£12.44  90.0£#4.00 78.0+21.04
Proximate composition (%)
Moisture 65.840.90 67.5£0.65 65.1£0.17
Crude protein 17.7¢41.78  17.620.14  19.0+0.16
Crude lipid 9.97+546  12.0+3.06 9.73%3.36
Crude ash 6.73+t0.91 4461344 5.12+0.13

Tnitial body weight (g). *Final body weight (g). *Weight gain
(%)=[(final body weight-initial body weight)/initial body
weight]x100. “Feed intake (g/fish)=dry feed consumed (g)/fish.
Feed conversion ratio=dry feed fed/wet weight gain. “Protein ef-
ficiency ratio=fish weight gain (g)/protein. "Specific growth ratio
(%)=[(log, final body weight-log_ initial body weight)/days]x100.
Con, control. Values are mean of triplicate groups and presented as
mean+SD. Values with different superscripts in the same column
are significantly different (P<0.05). The lack of superscript letter
indicates no significant differences among treatments.
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A 25 Dot ibo 8 AR+ taurines HF H7F}
of(Table 1) th&THTH o Ao 4 9] T o] 902
#(Table 2), &717H197%)9] o2 Aol w-& 52 47t
AR &0 A4S 9 4 S5 AOR e

Aol AR 272} Aol B Afolo] 243l Aol
7} QA tH(Table 4). FrEolA% SPC W= Z(Biswas et al.,
2019) &2 SPC2} krill meal, squid meal®] &§H=(Kader et
al., 2010)% o} &2 thAstE 7, HolA| dvbdiol =4
ofl A -9 Q1 Aol 7} gllrkal HaEiek 5447] d Aol A
T e SPC, U2 FElE 29k AR HofA dvkyg
5 2ol 149l Zo]7} glelehi 2w ¢leHLim et al.
2020). AHE o oA AN BE ARl X
S a3} 2o Seke BUSHA 24T ARETl
K]0l Zfol7h gl T, h: HolR) AnkaR Ao A=
FoA Q1 Aol 7} WA ] ok=t}(Kader et al., 2010; Biswas
et al,, 2019; Lim et al., 2020). o]*H 19 A7 U] A|HAER
A(Table 3)o| A= o] &S 4= EPA (eicosapentaenoic
acid)2} DHA (docosahexaenoic acid) $F5Fo] f-2]2 0.2 i
SFIA|WE, 2H=2] EPA & Fef(Takeuchi et al., 1990; Furuita et
al., 1996)91 1.0-2.25%2} DHA 251291 0.5-0.95% 2% %
W7ol A, AFRAE, HI S0l 4] oA ZA417F ¢l
SRR REAR L ol

H| 50|24 W g} golela EA A= Table Sof| Yeh 3l
t}. Lysozyme, MPO, hemoglobin, AST, ALT, anti-protease,
Ig& thztef o - Atoofl 2121 2fo| 7} ¢l e}, d st

Table 5. Hematological parameters and non-specific immune
responses of red seabream Pagrus major (initial body weight,
77.6+0.3g) fed the experimental diets for 19 weeks. The fish meal
in diets was replaced with animal-plant protein mixture by 30 and
40% (Con, FM30 and FM40)

Dietary treatment Con FM30 FM40

Lysozyme' 6.2210.43  6.33:0.54  6.43+0.12
Ig? 66.4+7.64  63.3314.2 68.5£11.4
MPO? 3.55£1.36  3.47+1.09 3.32+£1.45
Anti-protease* 54.6+1.54 48.3£2.15 47.0£0.81
Hb? 7.21£0.69  6.88+0.42  6.93+0.54
AST® 23.5£9.14  22.3+£3.73 23.3+11.9
ALT’ 3.55£1.36  3.47+1.09 3.53£1.72

Lysozyme (pg/mL). *Total immunoglobulin (mg/mL). *Myeloper-
oxidase (absorbance). *Anti-protease (% inhibition). "‘Hemoglobin
(g/dL). Saspartate aminotransferase (U/L). "alanine aminotransfer-
ase (U/L). Con, control. Values are mean of quadruplicate groups
and presented as mean+SD. Values with different superscripts in
the same column are significantly different (P<0.05). The lack of
superscript letter indicates no significant differences among treat-
ments.

ol -

A= = O o
oled - A - S -

ol

b

2 BAE o 79 7207 B ek A E o] 8- E th(Pe-
dro et al., 2005). o 1 FAFo] RO A}z o] GJoFa, ARS
3H, A s a0 A= Foll weh gebd 4= Qltk(Lee et al.,
1993). @] ol|l A Ak U] AKacid) 7Fi-3)] o) 2N (Kim et
al, 2014)2 2 o5& thAa}7]L} chuta} alete] B3R
(Lim et al., 2011) o} thAIE 4, ol thAlee] 571
4~E hemoglobin®] ¥ =7} 714st= 7 0 2 UERdTh ASTS}
ALTE= F2 o] Fol|A] ofn]ieiho] thAte] Tojdl= A4EH
ZA o 294, ey 24 S H N @Y W =757
517] wizo] o] 7o) ALt AEH A RASHE AR AL
|-E}(Jiang et al., 2015). Lysozyme-S JAa 49 PR &
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