KFAS #a+ e
Korean Journal of Fisheries and Aquatic Sciences

gh5=%] 52(4), 366-373, 2019

Original Article

Korean J Fish Aquat Sci 52(4),366-373,2019

HX|(Paralichthys olivaceus) At2 W O(Fish oil) CHXIEZEM2]

diacylglycerol 0|84 &7}
QCHst - ART| - SEA - 0|HE*

RSO SHAaeta AL

Evaluation of Diacylglycerol as an Alternative to Dietary Fish Qil in
Diets for Juvenile Olive Flounder Paralichthys olivaceus

Dae-Han Oh, Min-Gi Kim, 'Kawn-Sik Yun and Kyeong-Jun Lee*

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Korea

ISynergen Inc., Bucheon 14574, Korea

The objective of this study was to investigate the utilization of diacylglycerol (DAG) as a new dietary ingredient
replacing fish oil in feed for juvenile olive flounder Paralichthys olivaceus. Fish oil based control diet (CON) was
prepared and four other diets were formulated by replacing 50% of the fish oil in CON with one of five DAG: DAGL
(1,3-lauryl glycerol) or DAGP (1,3-palmityl glycerol) in low or high concentrations (designated as DAGLL, DA-
GLH, DAGPL and DAGPH). Another diet was prepared replacing 100% of the fish oil in CON with a 1:1 mixture
(DAGLP) of DAGL and DAGP. Olive flounder (13.4 g) were fed to apparent satiation, twice a day, for 12 weeks.
Following the feeding trials, no significant differences were observed in growth performance, blood parameters and
non-specific immune responses between CON and any of the DAG groups. Polyunsaturated fatty acid levels were not
significantly affected by the inclusion of DAGs. Thus, DAGL or DAGP could be used to replace up to 50% of fish
oil in fish feed without reducing growth performance, health or innate immunity. The replacement of up to 100% of
dietary fish oil in olive flounder feed by DAGLP is also feasible.
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Table 1. Dietary formulation and proximate composition of the experimental diets for juvenile olive flounder Paralichthys olivaceus (% of

dry matter)
' Experimental diets
Ingredients
CON DAGLL DAGLH DAGPL DAGPH DAGLP

Fish meal 55.0 55.0 55.0 55.0 55.0 55.0
Soybean meal 6.0 6.0 6.0 6.0 6.0 6.0
Corn gluten meal 4.0 4.0 4.0 4.0 4.0 4.0
Wheat flour 26.5 26.5 26.5 26.5 26.5 26.5
Mineral mix' 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
Fish oil 6.0 3.0 3.0 3.0 3.0 -
DAGLL? - 3.0 - - - -
DAGLH* - - 3.0 - - -
DAGPLS - - - 3.0 - -
DAGPH? - - - - 3.0 -
DAGLP? - - - - - 3.0
Proximate composition (% of dry matter)

Crude protein 48.9 48.6 48.9 48.2 48.8 48.7

Crude lipid 11.6 11.1 1.3 10.9 11.5 10.8

Crude ash 10.7 10.3 9.9 10.4 10.6 10.4

EPA+DHA 1.62 1.27 1.29 1.23 1.27 0.93

'MgSO0,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICL,. 6H,0,
0.15; Na,Se,0,, 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0, 1.0. *L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamin hydrochloride,
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2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-_-pantothenate, 12.7; myo-inositol, 181.8; -biotin, 0.27; folic acid,
0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003. *DAGLL, low purity
1,3-lauryl glycerol. *“DAGLH, high purity 1,3-lauryl glycerol. "DAGPL, low purity 1,3-palmityl glycerol. ‘DAGPH, high purity 1,3-palmityl
glycerol. 'DAGLP, 50% low purity 1,3-lauryl glycerol+50% low purity 1,3-palmityl glycerol. Con, control; EPA, eicosapentaenoic acid;

DHA, docosa hexaenoic acid.



368 g3t - 7wl -
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Table 2. Fatty acid composition of the experimental diets (% total fatty acids)

Experimental diets

Fatty acid

CON DAGLL DAGLH DAGPL DAGPH DAGLP
C12:0 0.08 10.63 11.06 0.09 0.10 10.6
C14:.0 4.45 6.85 7.50 3.38 3.29 5.83
C16:0 18.6 16.8 17.0 25.1 253 229
C18:0 5.04 5.14 4.01 5.00 5.03 5.00
Total SFA 30.6 425 422 35.0 35.5 47.2
C16:1 5.61 3.69 3.75 3.75 1.84 2.04
C18:1n-9 26.9 23.8 241 29.6 31.4 26.8
C20:1 212 1.58 1.59 1.63 1.60 1.08
Total MUFA 36.8 30.4 30.9 36.3 36.2 304
C18:2n-6 13.9 11.8 1.7 13.6 13.5 1.3
C18:3n-3 1.57 1.16 1.16 1.16 1.15 0.83
C20:3n-6 0.42 0.28 0.29 0.28 0.27 0.17
C20:4n-6 0.62 0.43 0.41 0.42 0.41 0.29
C20:5n-3 6.38 4.91 4.92 4.89 4.75 3.41
C22:6n-3 7.63 6.51 6.45 6.41 6.23 5.19
Total PUFA 32.1 26.7 26.6 28.3 27.9 222
Total n-3 15.6 12.6 12.5 12.5 12.1 9.43

CON, control; DAGLL, low purity 1,3-lauryl glycerol; DAGLH, high purity 1,3-lauryl glycerol; DAGPL, low purity 1,3-palmityl glycerol;
DAGPH, high purity 1,3-palmityl glycerol; DAGLP, 50% low purity 1,3-lauryl glycerol+50% low purity 1,3-palmityl glycerol..
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Table 3. Growth performance of juvenile olive flounder Paralichthys olivaceus (mean initial body weight 13.4+0.1 g) fed the six experimen-
tal diets for 12 weeks

FBM(g)' WG(%)? SGR(%)? FCR* PER® FIe Survival (%)
CON 47.240.2 256+3 149+0.01  1.23$0.07  1.68:0.09  41.8+2.3 89.2£9.0
DAGLL 48.03.1 254425 149:0.08  1.17+0.04  1.77¢0.06  40.1+25 88.2+7.8
DAGLH 487453 265441 152:0.13  1.19#0.16  1.75:024  415:06 87.3t6.8
DAGPL 471414 252413 148:0.04  1.19+0.07  1.76£0.10  39.9:0.6 97.1£2.9
DAGPH 456417 242413 145:0.05 1.28+0.08  1.630.10  41.1:05 87.3:12.2
DAGLP 48.4+2.6 25820 150£0.07  1.12$0.07  1.860.12  39.1#05 96.1+3.4

Mean values of triplicate groups are presented as mean+SD. The lack of superscript letter indicates no significant differences among treat-
ments. 'Final mean body weight (g). *Weight gain (%)=(final body weight - initial body weight)/initial body weightx100. *Specific growth
rate (%) =[(loge final body weight-loge initial body weight)/days]x100. “Feed conversion ratio=dry feed fed/wet weight gain. SProtein
efficiency ratio=wet weight gain/total protein given. ‘Feed intake (g/fish)=dry feed fed/fish. CON, control; DAGLL, low purity 1,3-lauryl
glycerol; DAGLH, high purity 1,3-lauryl glycerol; DAGPL, low purity 1,3-palmityl glycerol; DAGPH, high purity 1,3-palmityl glycerol;
DAGLP, 50% low purity 1,3-lauryl glycerol+50% low purity 1,3-palmityl glycerol.

Table 4. Blood parameters of juvenile olive flounder Paralichthys
olivaceus fed the six experimental diets for 12 weeks

Table 5. Non-specific immune responses of juvenile olive flounder
Paralichthys olivaceus fed the six experimental diets for 12 weeks

Hematocrit Hemoglobin ~ AST' ALT? NBT' MPQO? Lysozyme
(%) (g/dL) (U/L) (U/L) (absorbance)  (absorbance) (ug/mL)

CON 23.740.3  2.06£0.46 38.7+3.49 10.1+0.7 CON 0.68+0.06 1.07+0.14 57.6+12.2
DAGLL 22.7+1.7  1.7241040 455+8.84 12.0t1.4 DAGLL 0.6210.03 1.47+0.20 54.745.9
DAGLH 223135  1.62+0.36 40.6£3.97 11.7+3.2 DAGLH 0.67+0.16 1.1620.13 66.1+4 .4
DAGPL 254418  1.7610.31 38.9+1.95 11.9+3.1 DAGPL 0.69£0.09 1.25+0.12 62.1£4.5

DAGPH 216126  1.4410.07 42.3+454 12.0+0.4 DAGPH 0.60£0.12 1.1310.28 70.1£14.3
DAGLP 243427  1.86+0.11 46.3+6.44 11.0£0.9 DAGLP 0.65+0.11 1.2320.17 72.045.8

Mean values of triplicate groups are presented as mean+SD. The
lack of superscript letter indicates no significant differences among
treatments. 'Aspartate aminotransferase (AST). 2Alanine amino-
transferase (ALT). CON, control; DAGLL, low purity 1,3-lauryl
glycerol; DAGLH, high purity 1,3-lauryl glycerol; DAGPL, low
purity 1,3-palmityl glycerol; DAGPH, high purity 1,3-palmityl
glycerol; DAGLP, 50% low purity 1,3-lauryl glycerol+50% low
purity 1,3-palmityl glycerol.

Mean values of triplicate groups are presented as mean + SD.
The lack of superscript letter indicates no significant differences
among treatments. 'Nitro blue-tetrazolium activity. “Myeloperoxi-
dase activity. CON, control; DAGLL, low purity 1,3-lauryl glyc-
erol; DAGLH, high purity 1,3-lauryl glycerol; DAGPL, low purity
1,3-palmityl glycerol; DAGPH, high purity 1,3-palmityl glycerol;
DAGLP, 50% low purity 1,3-lauryl glycerol+50% low purity
1,3-palmityl glycerol.
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Bt Wi+ EE AR (mean + SD)E b oleh. 9 EL
O] ] arcsine W& 71O & AANSIo] A B4k}

37 T A= Table 3o Yepfgleh &2 wE A
Al 24
3y A
SRIT 4= QUieh SA1E, YRS, AT RS, o
ol g A& 441}, DAGE o]fE& 50% thAIgt DAGLL,
DAGLH, DAGPL, DAGPH A3 7¢} tf 2717to] §-9]2 2]
Zpo) 7k gl e, o7 100% thAIRt DAGLP A3 -=
ZTF [0 A1 Aol 5 HolA] gigkrh HE AFtelA HA
o] g Ak gl Zpol7t YIUH A2 AHA=S] BoA|
WAE ol JA 9] a4t S5E 7] el A ow wet
Ech(Kim and Lee, 2019). 'd2] 9] D4=x"44Hn-3 HUFA) &
TS 0.8-1.4%2 LA 9 2H(NRC 2011), T2 o] &L
Foz gt Ao A e dpA il atako] SEH Al g
A At W A - 0] FR7E 38T AR Al G A e
Aoz K% ck(Bell et al., 2003; Peiedecausa et al., 2007;

N o of oot

Aminikhoei et al., 2013). A}& W D=2 HkAL FHeko] TAto] &
o a7%E $5 A%, AAH AR AZE 9130 A
Aom APt Ad daES ARt E T Zlo s wd
HthKim and Lee 2019).

M A= Table 40f YE ST Hematocit2 21.6-
25.4%, hemogloibin< 1.44-2.06g/dL, AST+= 38.7-46.3U/L,
ALT+= 10.1-12.0 U/LE Yepgon, HE AsoL 7o 59
#e) #jo|7} 151}, Hematoerite B0l L) 28717k 242/t
H| =S B8 2 el 71 9 & hemoglobin, AST, ALT2} $F
7l ol5e] AukHel A ES Thsah 7H) AT ALLHc)
(Kristoffersson et al., 1974). @ 1f ASTL}ALT+= AW ofu]
L ARS] tfAbe]| ofdls BARMN, o] 7] I Em Ao] 4
= Y& A TR HEH AL St ek @ E
A AN, Hs AR 7ol fol# 2l o]zt gl Aoz Kot
DAGE ©]-83F o thAf|of| w2 F 2] &] 7ol &= o= o] 4
o] gl& Aoz et

H| 50|24 HYEA Aul= Table 5o YeRf St NBT ac-
tivity~= 0.60-0.68, MPO+= 1.07-1.47, lysozyme< 54.7-72.0
ngmLE Uebton, npxb7ix]e e ARt 7k §-94
Q1 2po]7F YIAEE NBT activity= 572 25525k

Table 6. Fatty acid composition (% of total fatty acids) of the whole body in juvenile olive flounder Paralichthys olivaceus fed the experi-

mental diets for 12 weeks

Experimental diets

Fatty acid
Con DAGLL DAGLH DAGPL DAGPH DAGLP

C12:0 0.00+0.00° 2.81+0.08% 5.30£0.442 0.00+0.00° 0.00+0.00° 3.784£2.182
C14:0 4.29+0.11° 4.98+0.09% 6.57+0.162 3.3940.28° 3.58£0.19° 5.4041.232
C16:0 18.2+0.24 19.0+0.88 17.78+0.15 20.940.31 20.0+1.66 19.0£0.32
C18:0 4.17+0.11 4.45+0.03 4.51+0.38 4.360.14 4.28+0.01 4.51+0.22
Total SFA 28.510.63° 30.0£0.13%° 29.441.17% 32.640.95%° 35.6+0.962 34.242.91%
C16:1 7.15£0.342 3.68+1.66° 5.21+0.21% 5.3740.24% 5.53+0.66% 4.83+0.322
C18:1n-9 25.4+2.33 28.0+0.36 25.1+1.29 28.9+0.16 28.4+1.16 26.3+0.26
C20:1 1.18+0.20 0.80+0.08 0.80+0.03 0.93£0.04 0.96+0.38 0.73£0.07
Total MUFA 34.7+1.23 35.8+0.21 35.7+0.44 33.7+2.15 31.9+1.15 32.8+0.92
C18:2n-6 12.3+1.48 13.210.78 12.1£0.17 13.120.15 13.5+1.22 12.710.65
C18:3n-3 1.83+0.17 1.74+0.03 1.72+0.03 1.83+0.08 1.74+0.14 1.72+0.04
C20:3n-6 1.26+0.13 1.08+0.02 1.08+0.06 1.04£0.03 1.18+0.15 1.05+0.10
C20:4n-6 7.18+1.88 5.12+0.14 5.100.14 5.44+0.05 5.84+1.06 5.05£0.36
C20:5n-3 2.68+0.13 2.27+0.10 2.31+0.01 2.38+0.12 2.41+0.25 2.23+0.17
C22:6n-3 8.9310.16 8.60£0.19 8.51£0.31 8.56+0.04 8.67+0.07 8.35£0.70
Total PUFA 36.8+0.06 34.2+0.07 34.9+1.61 33.7£1.20 32.5£0.19 33.0£1.99
Total n-3 13.6£0.83 13.0£0.29 12.8+0.47 12.70.17 12.7£0.16 12.7£0.78

Mean values of triplicate groups are presented as mean+SD. The lack of superscript letter indicates no significant differences among treat-

ments. Values in the same row having different superscript letters are significantly different (P<0.05). CON, control; DAGLL, low purity

1,3-lauryl glycerol; DAGLH, high purity 1,3-lauryl glycerol; DAGPL, low purity 1,3-palmityl glycerol; DAGPH, high purity 1,3-palmityl
glycerol; DAGLP, 50% low purity 1,3-lauryl glycerol+50% low purity 1,3-palmityl glycerol.
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oxidative radical /%2 S5kl thAA29] B el
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58 FOH(Kim et al, 2011). ¥ 50| HolEA A3, nE A
ot gholl {91221 Afo| 7} gli= A= Kol DAGE o83t
ol iAol w2 H|5o]F WA= 5] o]ifo] gl& A
2 AbgEh

Aol XAk BA A= Table 60 UreR i) 1,3-lau-
ryl glycerolo] 37} DAGLL, DAGLH, DAGLP A ¢
Al lauric acid7} 25 AL 3218F 4=~ 919t Lauric acid=
12749 Bha =& 7P E£3} S22 W4 Hmedium-chain fatty
acid) &2 t}eFet Aol St 8IS 2t Z0E HilEn
Qlth(Jensen, 2002; Nair et al., 2004a, 2004b; Thormar et al.,
2006; Park et al., 2007). Lauric acid®] & ZA] 7122 A
0] ARAGA 9} QATSE 28-S WafiRt e = A oA A
= ASAIA Alate AFEA = A o= 453 QT Wieck-
owski and Wojtczak, 1998; Desbois and Smith, 2010). DA-
GLL, DAGLH, DAGLP A& o] 2] A|Ujol|A] lauric acid”} =
x5 70 ot Al Aol et Ae £ 7| 4 9]
& 702 THEheol, o] o} pelE 27} 197} 27 HIch DHA,
EPA, =2 %5} 44HPUFA) §5-& DAG7} 7kl 419
7} ol ul8) chas ghashe AR oL, AFT
of 2121 Q1 2ol = glSltt. o] 2fgt A= Atm W DHA, EPA,
A= ZSA AL S} FARSE FekS UERdTE dbbA e
2 oA A AL FFEE AFRY AR 240 R
= Wom, o] ofg] ofFS o E AYH A4S Sl &
2 4] 2Ith(Montero et al., 2005; Martinez-Llorens et al., 2007;
Fountoulaki et al., 2009). T3} tAF 0159] B2 kAL Q 15
o] SEHE ALRE HFITE o] 7] YR ES AFR ] A Ao
I3k Whz] oty ¥ %1 QJrH(Ng et al., 2003; Kim et
al., 2010; Aminikhoei et al., 2013).

kAl DAG= g 2] HieARR W 6% 7HEFS] o115 100%7}
A A = Lo, o] thA| 2 {2 o] ARbA el A%
T, HeE Bl Fa ARk iAol of ke A wlAA] ¢
= S & gtk 25 DAGY HiAF 544 arefeh o
Aok A3 U DAGO|| §H7-H lauric acid?] 2 A&} A }of
s ATt 2t o2 a e,

-

o

Al AL

o] Q= AU 0] Q1] K| 910 SxaE] Q1 toln] AT
o] 2] o] ZHALE - U T,
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