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Effects of Antarctic krill oil on aerobic metabolism and anti — fatigue
ability of long — distance runners
YANG Simeng' ,HE Qing’, YANG Jitao’ ,HUANG Xiaoping®,SHI Lijun' , WU Ying'
(1. School of Sports Human Science, Beijing Sport University, Beijing 100084, China; 2. Aland Health
Holding Ltd., Shanghai 200120, China; 3. OmicsFit Ltd., Beijing 100083, China)
Abstract;In order to investigate the effects of different doses of Antarctic krill oil supplementation on
aerobic capacity and related indexes of blood metabolism in long — distance runners, 36 male long —

distance runners were selected and randomly

YRS 82021 — 08 — 194 6] F #7:2022 — 04 — 17 divided into four groups; placebo group ( PL),

HSTE o 4 5 A B BE L & 5 T % 4 % 1) 5 [ low — dose krill oil group (L group), medium -
(2019PT004 ,2020054 ) 3 K [4] % 24 T H (20191413 ,20210056) dose krill oil group (M group) , high — dose krill
BB AHBAF(1997) , Lo, TA-LAFSEA:  BFSE ) Rad s oil group ( H group ). A double - blind

RS Tid OB ST ‘ﬁ;&ﬁ)‘z(E mail ) yangsimengd7@ foxmail. com,, randomized controlled experiment was conducted.
BEMESE R 0, B2, B LRSS AR W, 18 1 (E-mail) The PL group received 1 g soybean oil daily, and
wuying@ bsu. edu. cn, the L group, M group and H group received 1, 2

g and 3 g Antarctic krill oil daily for a total of 4
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weeks. The maximum oxygen uptake ( VO, ) and anaerobic threshold ( AT ) were measured by

2max
increasing load test using Bruce scheme. Blood lactic acid was measured immediately after exercise at 0,
3,5,7,9 min, and the elimination rate of blood lactic acid was calculated. The cubital venous blood
was collected, and blood routine, blood rheology — related indexes, serum oxidation/antioxidation indexes
and inflammatory — related factors indexes were analyzed. The results showed that there were no significant

differences in VO
group before and after the intervention (p > 0. 05). Compared with PL group, after 4 weeks of

hmax » AT and elimination rate of blood lactic acid between the krill oil groups and PL
intervention, there was no significant differences in the blood routine indexes in the krill oil groups(p >
0.05), and the mean erythrocyte hemoglobin concentration (MCHC)in M group very significantly higher
after intervention than that before intervention (p <0.01), the MCHC in H group was significantly higher
after intervention than that before intervention(p <0.05). Compared with the PL group, after 4 weeks of
intervention, the plasma viscosity in L group, M group and H group significantly decreased(p <0.05) ,
and the plasma viscosity of L., M and H groups significantly lower after intervention than that before
intervention (p < 0. 05). Compared with the PL group, after 4 weeks of intervention and 24 h after
intensive exercise, the activity of serum antioxidant indexes in groups M and H significantly increased

(p<0.05). Compared with the PL group, after 4 weeks of intervention and 24 h after intensive
exercise, the expression of serum inflammatory factors in M group and H group significantly decreased

(p<0.05). In conclusion, supplementation with Antarctic krill oil can not directly change the athletes’
aerobic capacity, but 4 — week Antarctic krill oil intervention can improve the key link of blood transport
in the aerobic power chain. In addition, the supplementation of medium — and high — dose of Antarctic
krill oil for 4 weeks can significantly improve the body’s antioxidant/anti — inflammatory ability after
exercise and promote fatigue recovery.

Key words ; Antarctic krill oil; aerobic capacity; blood rheology; antioxidant; anti — inflammatory

TR, 0 -3 Z RGN RAE Mis sl #h 7T 7
TEIE B E R U N A2 BBk B 2 1 00, oAy
fo PR AL A5 AR UE 2 3l JE WK R, an iR T SORE AR
P LA R L AR D DL R A
WU S 2 0 BAT 5 AN U (9 — Bk T TR
(EPA) FILELA 6 S RUEE) — -+ k7S MR ( DHA)
TRV I EE o -3 ZAMEMIENIR. &
W BEERIMAE R —FoH BN o - 3 Z2 AR I R
SRR, J&: EPA DHA =£ 5 (9 K 95 ok IR, J EPA A0
DHA F# ) w -3 BEAR MR AE e e Hofth i
FERUE MG Canfaoh TR T, K2 0 -3 £
AMEFNE IR E 2L H M =B e A7 e, Rk
WL AR -3 Z AP AIAR IR L H A =R » -3
LA RIS BAT AL R FAE WA
DA U R AR i A Ry Bl g SR A b SR

H T, ra B B IR B B IE S B 2 R A W24y
P RS AR SR A I R
WFFEUESE , B AR B ARy T 38 A A, BRI %
g g 2 S T R (= B = B s a1 R 420
S G A AT 15 e A Tl A Y 30 T ol S e B R )Y

RBF PR AR KR I 18 30 5 SRR K A 1
IR AR T o BFFEIN R, B AR i AR 3 % 32 Bl fig
AEUEVER, H 5 A BOBEAS (B IS BENE A % G Bk £
RAIRFBENRIR ) HAT A AR, 7T AS 5451
NDIRE , A B TR 8 B s gl rh i 2 s R B
i35 HAh, BB AR A AT B AR R — b
U AR, a5 12 3h )5 i e it B 9F
KA W HHEHCGE RN A% EH . ik, A
ST 38 A AN [R) 551 2 o A Ay b 78 X0 K 32 3
PR ERE ) B RAR A SRS PR A 2 R, L8 /R
W BRI TS 3078 35 U e B AN (B

1 #M#5F*

1.1 SE3At#t

111 JsORSia]

AR S , Pl 3 2= Al e A PR W] 42
(LR , Aker BT TSI 45 7 b 44 K , SUPERBA
SCAOTM ; §it-5,12959A ) , % 500 mg F AR fd AT e J2
445 60 mg EPA 35 mg DHA F1431.5 pg iF75 25, &
RIS ol P A e R T

AL AL (SOD) ik & L M AL RE



18 CHINA OILS AND FATS

2022 Vol. 47 No. 11

(T - AOC) &7 & PN 8 (MDA ) 1255 &, B 5t Al
o EL A H K S AL Y B (GSH - Px) i 7] &, 3
o RAFE HAEAFR 2 (IL -2) 350 & A A
K 6(IL -6) il & MRS F — « (TNF — o) 2t
& A A
1.1.2 semstse

T AACAT K% 36 4 B KMz s 5 4R

B 18 ~24 % YINZRAFIR N 5 ~ 10 47, Zi{FHFENL
4 2 RGAA(PL 4) GRE BRI (L 20)
FAEBARIRMZL (M 41) iR b 4L (H 41) o ik
BRANGOLILR 1o A S 4 JOM A S v I s
TREEE I AR O MU S AR . TR S 5
PR T A R A IR 2 TR E R
FACHH A2 A2 L E (45, 2020161 H) .

£1 FREZAER
45 () B /e P i kg Y4 I/ KPa IR/ kPa
PL 21 20.8 £2.0 175.35 £6.84 67.42 +£5.81 15.90 £1.90 8.86 +0.69
L4 20.0+1.4 178.13 £5.70 71.02 £5.47 15.94 £0.97 8.83+0.62
M 21 19.8+1.4 176.64 +£4.42 69.35 +£8.60 16.14 £0.79 9.14 +0.84
H 2 20.3+2.5 178.40 £3.04 72.52 £5.09 15.61 £0.91 8.90 +0.82

113 U 554

MetaLyzer 3B — R2 S ARAC 43 #T4X, Cortex 2
] ;Pulsar 15 (h/p/cosmos) ; Lactate — Scout i ## X,
IMFLER 73 A, EKF 23 7] KX - 2172IN 42 [ 8 =
ZAMBR > HT AL, Sysmex 24 7] ; LBY — N6C 42 H Sl il Ui
AL, A A= 23 7] s Xmark BFFR{X, Bio — Rad 24w,
1.2 sE3edrik
12,1 S8t

TERIE I IS 45, Sz 2 i
T2 MU, 25— U e 22 ) sl ek
THIAT A BEATN &, BVIBCSZ a0 IRk oM, 3 d Je AT
K (VO,,,, ) FTCA I (AT) Wi, I fEiz s G
0.3.5.7.9 min BRI MFLIR , BES L 41 .M ZHF1
H HERIPAHEA 1.2 3 ¢ BtRmiar, PL 45 K%
AT g R, T4 JJa, #4750 Ui, fR s
AT SARE A AR bR, I 1E A A RE I IS 24 h
YUK AT AR DG, AL 0 i AR rh 2 i
BEABERE I, BRI AATAT 8 F2 4 5850 (R 4G
i) M2y, SERBOTREAR I 1,

[ i o dl  ImAE SR AR
E% AJE 25 T i

MR SR A

& &
AR A ARSI
1 Rt
1.2.2 e REAE(VO,,, ) FITCA R (AT) il
K Bruce 334971 7 Ml 55328 8 7 Z MK VO,
FUAT IR0 ff 7 28 W36 2, A6 iEAT 1E S0 56 it
AT 040 I TS B, ol 04K Ty 28 e g i 2 5 oK
ZRHAEIE AT — R IE KRS g Wit
H RS2 10 2R IR iz 3l B2 Az 3l H o
R (RPE) , AR 2 10 L 2 Hik #) VO, .

BB R R LR 4 SRR 3 450, U
KE) VO,,,, , RIZ5 112 3l : DR iz 2 5 faf R34,
AR5 I AU T B QB 42 3 17 i 48
N, O TR ARG I BORF IR 5 35 B s 1. 15,
@RPE L A3 )13 , HIC TR Y1iiTis 2 g .

%2 Bruce BT REATIRE

P BFE/min @/ (km/h) /%
1 3 2.7 10
2 3 4.0 12
3 3 5.4 14
4 3 6.7 16
5 3 8.0 18
6 3 8.8 20
7 3 9.6 22

1.2.3  Jfi ZLER TH B 5 i

7E VO, X455 0.3.5.7.9 min SRAEZ
B 1 30 3 485 X LR 2o B (SR IR 2R T
Bro FEARMR AR 5 T B 7 R 2K 26 1 T I Bk
22 AEEEASRAM A L 2 AR R B 205 3, A Ail
A8 FAPENEE SRR o e T 2 E 5 LR
E] 3

L. -L

Yo t9 - tmaxg (1)

Ko w I FLER T BRI % L, Ris 3l )5 i L
R KA s Lo K32 25 9 min [ I FLFR A 5 ¢,y I
FLIR S KA AT R B 221 5 2 432 815 565 9 min,
1.2.4 R4 B M AH CHE il i

AR T IH RN FRIK L 5 mL, 2350 &5
EDTA — K2 HrfE | ) 55 0k M55 & 4 I 2 4L b B
TR 0K I A8 R 35 A5 L 3590 A o G R I A o, R
SRR A 005 B 3K, £ SR i 4 IR
TAR AR, B RS F 40 25 1 (s PR A7 T




2022 4F 45 47 ¥ 5 11 1]

FoH

iR 19

-80°C) o I HFLFI ML AR 45 R TR M5 4 h
IS, M PT AL/ T2 KT A AH R Sl A5
1.2.5 HdRiba

JH SPSS 25. 0 B34 7 Bt A FA 43 B, 423
Bl RS- E + dn 22" MRk, 24
AR AR R 7 22500, PRI LR LSD — ¢ £
5o HNTHRTG BRI REA ¢ K. p <
0.05 N EABEMEER,
2 #RE5iTig
2.1 #%
2.1.1  THHT G A R Ty gh SR

AN [R50 St i AR A AT T X A2 B A AR T Y
AR 3 ~ %S5,

*3 AEFIEEBRBEIRHTFRX VO,,,, K5

F4 AREFEFHRBAT®HFHX AT B0 L/min
THHTE  PL#A LA M4 H 2

TR 2.16+0.40 2.56£0.49 2.46+0.62 2.62+0.58
THifE  2.10+£0.41 2.43+0.37 2.55+0.56 2.68 +0.55

£S5 AEFIEFERBAR® T B M2 R
HEREZRFAN  mmol/ (L/min )

THiFE PL4 L4 M4 H 2

FHiEG  0.55+0.24 0.39+0.19 0.45+0.26 0.45£0.20
THifE  0.54+0.24 0.43+0.20 0.46+0.15 0.48 £0.17

3 ~ K5 [ I, A Zik & VO,,,, AT il
LI I3 3 238 1 Al ) P AW ot A e 8 2 Jt ) i i 4416
WEES,

2.1.2 AT I R
AT GEAIN T T A0 W8 A e 2 T R b 5 4 S

e o St 45 4 e \ .
ano *Lﬁjf%“f/)) '@f‘xﬁf JE O R L 45 0 40 I ¥ ( RBC) L 1 41 36
T— "‘55 O‘(;““6 Oj a '“;“51 P14 (Hb) 21240 L F- 44 1 21 2 118 ( MCH) L 27440
4 LR .00 +6. .50 £0. .
e G 20as s 36 20,45 JLF- 1 0 21 85 1 vk B2 (MCHC) 1y 28 4k, 25 58 W&
o Y R 6. 1756 A UL: i 4 3 4% (9 RBC  Hb  MCH 70
L% ) 55.75 +8.88 3.72 £0.77 . e
CEE MCHC 76 F iR 8 22 5 (p >0.05) ; FH
THRE  54.76:5.66  3.85:0.34 4 JEJR , 52 TR A L, T O T 4L I R A4
M 2H ARy 55.23+7.97 3.79 +0.63 Iﬁ?‘é‘ﬁ?ﬁ%ﬁi@%%i‘l‘%%)‘((p>o05),M2ﬂl§]"]
T 54.23 +4.94 3.71 £0.40 MCHC $?ﬁﬁﬁ?ﬁﬁﬁ$ﬁﬁ%ﬂ%(}v<o- 01),
H4H + iRy 54.83 £2.04 3.84 +0.58 HAMMCHC THIE &R THWRI B E I & (p <
T HUS 52.83+2.14 3.87+0.44 0.05),
F 6 AEFIErHRBEERH T AT M E A =20
2057 T1iETE RBC/(10"/1.) Hb/(g/L) MCH/ (pg) MCHC/ (g/L)
PL 2 T T 5.10 £0.37 155.33 +8.82 30.50 +1.54 337.60 +6.19
THi5 5.02 +0.45 151.83 +10.78 30.35+1.35 341.80 +7.33
L4 T-Wini 5.17 +0.32 157.25 +11.17 30.40 £1.08 342.25 +3.81
FHGE 5.15+0.37 156.13 +13.66 30.28 +0.97 344.75 +6.04
M 4 AT 5.05 +0.50 157.67 £13.23 31.38 £0.99 341.67 £3.04
FHij5 4.87 +0.36 153.78 £10.07 31.59 £0.84 347.78 +5.38%
H4 iRy 5.14 £0.36 157.70 £9.27 30.70 +1.07 341.90 +3.99
FHGE 5.06 +0.38 154.60 +9.51 30.62 £1.04 344.50 = 6.24"

T AFR R 28] T FU oA R B 2257 (p <0.05) , ##35s [l 2L )+ 1 i J A Al S 5 122 57 (p < 0..01)

2.1.3  FHAT G MR A P4 il i ah
ASHIFFERLIN T T AR e A il 2 T ) b 7T 4
e 7 W LY i o P 2 0 L O A A i o ) 7
e, SR B T M 2, iR T Al 2l
10 e L e VD 56 | 2 v DDk R 4 I AR DD B
LSRR | 2120 M s AR - TR BE A2 T 2 4

225 (p>0.05) s HZRGINAAM L, T8 4 )5 L
M LA H AL Ry I R R R R (p <
0.05) ;T4 J& )5, L 20 M Z1F1 H 20 i 5 5 B 45
AT 2 AR (p <0.05) o fy &l 2 AT 0L, 7
4 JEJE M AL 2120 i A2 TP 45 ROR T IR 3 T
(p<0.05),



20

CHINA OILS AND FATS

2022 Vol. 47 No. 11

F7 AEFIEr RN R TR %R 2 A 220
4 IfZ B/ (mPa - s)
A5 R — MMKFE/ (mPa - s)  LAINEIER/ %
T EWa0sT) 60 s @asos)
PL 4 Rl 9.29+0.63  7.93+0.49  6.76 £0.45 6.09 +0.50 46.27 £2.22
THiE 9.20 +0.53 7.92 £0.46 6.70 £0.32 6.19 £0.62 44.60 +2.76
L4 Rl 9.24+0.24  7.95+0.46  6.79 £0.30 6.23 £0.47 45.94 £3.12
TG 8.80+0.55  7.59+0.98  6.22£0.65 5.60+0.37"" 45.29 +3.97
M 24 R 9.54+0.63  8.02+0.22  6.86+0.25 6.24 +£0.38 46.14 £3.84
TG 8.77+0.63  7.59 +0.61 6.37 £0.47 5.75+0.25*" 43.88 +2.95
H 4 T i 9.40 +0.67 8.07+0.50  6.90 +0.52 6.18 £0.65 46.55 +2.34
FHiE 8.95+0.32  7.73+0.29  6.61 £0.29 5.65+0.35"" 44.84 +2.26
e+ Fon 5 PLAIAHELA B2 7 (p <0.05) s #3%R R4 T Wi A A B &M 225 (p <0.05)
0.15¢ 3r o )
O s O FHE | O THiRT O THG
& =N ] ]
g\g 0.10 % 2F
) pe
=2
% 0.05 =it
& how
O7pral L4l w4l w4l O7pra  tal w4l w4l
Ar . . 1.5¢ i i
MU DrEm = TR .
ﬁ 0 '; e
gz £ o0f
=0.2 B
= B2
= = 05F
P 0.1 p
0 1 1 1 1 1 1 1]
PL4H L4 M4 H4H PL4 L4 M4 HH

2.1.4 FWifEREEzG

RAGHRINIALE R

T FoR R PRl A A B2 5 (p <0.05)
B2 AEFEmRBERE TR LR TR R m

24 h F A PUA/ BT

JE KGR BEIZ S5 24 h il GSH - Px {5 J7 .SOD i

ARG T R B Bl 0O il w22

REFIHTE 4 A

e
%

o o
~ =)}
T T

GSH-Px i /1/(mU/mL)
(=)
o

PL4]

—
wn
T

10

T-AOC/(U/mL)

W
T

L2

M4

HZL

L

i = %/T'% PL A M L HAT B2 5 (p <0.05) ¢

H4

J3.T-AOC J¢z MDA [IL -2 IL -6 \TNF - o & &

=28

HZEAE, G5 R UL 3 ~ &1 4,

40 .
230}

=)

220f

510}

w2

OTprg L4l HAL

/-\4-

—

E

ERl

g

=2r

it

Qi

St

A

E 1 1 1

0 PL4 L2 M4 H4H
TR

B3 AR EmERBRE TR KREE3E 24 h LESL TR LEE N



iR 21

—_
wn
1

*

i1l

—
=)

TNF-af% &#/(pg/mL)
W

2022 4F 5 47 45 56 11 1Y 1
0.6 2.5¢
=) 50l
E g 20
20 0.5F % * )
£ a1.5f
mﬁ 5 1.0
fT- 0.4} <j|§ :
= g 0.5F
0.3 . . . ) 0 .
PL4 L4l M4l H4l PL4

&4
HE 3 AL, 5% A1HH M 41 GSH - Px
{%71.T - AOC 3Tt (p <0.05) ,H 41 SOD & )
BEFE(p <0.05), WK 4 AW, 52850 4 A
Fo, M 2] IL -2 1L - 6 ' TNF — o & it 34 f 2 FEAIG
(p<0.05) H 2 IL -2 Il TNF — o 5 45k i 2 & fIE
(p<0.05),
2.2 it
2.2.1  FEtREEER AN S A SRR
i J3 )1 2 32 w0z 3 DA A RE ) B R AR,
A5 RE 3 A IR R G O LS R B RS
RATERVER . B T UGN E, Bhg A
BT IR AEN 1z 3h ST BE G T k4% 1R
WAEH . BEEANE o -3 Z AR IR AT e A B
THEEIZ 3 BOA ERE T, (H i AR R R
FEUESE, WEfE R DHA (EPA £ 32 FHHLIKR A SR8 1 07
TEA R, BEIE% DHA EPA A]{E k8 8% UL
ARG I 4 Wi S5z B 4 (glucose transporter type
4, GLUT4) FiZ4H — 6 — Wi fir it & fi# ( Glucose — 6 —
phosphate dehydrogenase, G6PDH) X K Fl g i & Ak
Ay i O R R A BB M Tk 5% B2 i 1( carnitine palmitoyl
transferase I , CPT1) [t 3L4H 1 A & ALEF (acyl -
coenzyme A oxidase, Acox)FERFIRHE N, 1A 7] 8 i
PR BRARFREE S G0 1 VI I IV A =R IR G
FAHOCHE mRNA 135, 4 T B 45 L™ ae sl 52, i
4R 15 /N B 1 98 U Tk M B A 5E Bl SR .
Zebrowska% ' HFFE R I, 0 - 3 Z ARG TR 5
VO, HHK AT 0 =3 (1. 1 g/d)3 a3 A 17 %
BEAK VO, HIFET A o -3 Z A0
BRI WS #E L EE X — 254K . Da Boit 25"
FER I, #hFEWEAR N (2 g/d) 6 JH, IF A fE Bl 22
VO, Fz Bl I 10 A, ABESE Y, &b 78w AR 4
JA(1.2.3 g/d) BAS 2 DL ek A8 55 1 K Bt iz 3l B
XA e KIE s VO, B 24 TE R K
S %, AU P AR A R )1 2t [ T AT R
RORBEUF 305 Ja ZapF I LAIESE
JC4A 1 s NAE 14 18 11 fi7 iz gy LA A 4R s
HrAE 1 Jo A AL BE R I I Bt A, A 1 VO, 55

L%

| H
H MZH HAH

AR B iR B AR T KSR EIE 35 24 h ALK R E B FrIR2 0

PLAL LA MZH HAH

Tt FI NS b, To A B 5 AR e R o R %, 5
YIGRFREE M T 1. Avila - Gandia %7 HF5E &
B, #hFEF ARk DHA (975 mg/d)30 d AT LAFR i 55 1
ot BT 48 8 0L JC A 7K. DHA F1 EPA 2
22 0 00 RS A 1 B R A A, 2 1 S
¥ 75 DHA 1 EPA ] o3 22 5 v, T 42 7
TE B AT oI R WL )53 3l 51 6 B 1Y
T,

iz 3y e 1 LR I B 2R AT DA s eI 9 A 484K
WRE T, T bR AR R, RN LR EAR I RE )
3, WFSEFEE, DR EPA R DHA ] 58 32 o 480 <
BRI RIS BRHLAART J77 ) . Morishima 257 30 h,
T w -3 ARG R (4 H A FE 5 & EPA (Y
a3, &4 600 mg EPA 1260 mg DHA)8 J& I g
P i 5 PR3 B T 3 Bl I LR o R, A b
B PR RN 8 e A L
HhFE A B B A 0T i L R Y 5 e A BT 5
VO, TG FZ 3l i 1M LR I 5k 5 2 0 F 5 3F
S, AN T R BRI I N BE B AR THE B BV R RE T .
2.2.2  FEMRBERRIRN 7S S IR At

AMFTE KB, #b FE R B AR T o3 K IS )
BRI B RT3 2 3 T 732 3 5L RE ) o
FRH, M o -3 ZAERIE IR — 77 T 7T AEE
T WEARAE R LA e 2 2 Bl 1L YR 86 5 5 5 — T
w =3 ZAK NG 5 R AT A 30 1 ol 78 41 40 i J
T RS ok e LT A RE T 4355 I 35 21 240 U TE 25 0
2T AN fik 7 %52 A LA AS . Ramprasath
S5OV 04 7 Al FESZ AR ML b A it 2L £ 3
2R, WA 4L #3h LAh FE 4 JE1 4555 EPA DHA
(600 mg/d) , 455 B, 55 03 2 AR HG, W R 4,
H i EPA \DHA K-, 13 3 o -3 Z A RIS R
K, LR AT 40 EPA DHA ¥ 2 7l (w - 3 45
$0) Fh i s Ramprasath 27 {1 55 — A58 % BR, S5 11%
AN AR AR TE AT L, 78 v e M W A 9k 348 o 21 4
Ht EPA \DHA Shi . sty v Ag sl o 1 o —
3 Z2 AN RN o R A 35 21 41 B S8 i i 4 1 I 2 i
JOT A3 SR B v, X6 A0 21 4 A ) i R I v 3



22 CHINA OILS AND FATS

2022 Vol. 47 No. 11

ARWREN 12 3h 51 B L PR S 2 3 RE )
YA, L F5 12 3l 51 MBI 28 P ) 45 A 22 i
L 286 P A AR L TR 8 i il L A
EFABEL Ty 3G 0, 32 10384 o0 Co W 67467 , 52 e LA P 32 3
RESILA I 57 R o ASWEFE AR, e AR Bl AR il T 99 4
JEAl WG 1K Hlis 2l O3 ISR R B 3K AT RE e A
AU VY A 00 R I I G R 1 24 Y B B o B0 7k A
St T A T AR R LT 0 M LI 2 AR
200 L7 PR GO B , 3 K 2 T i JUL Y 4 0% e
01, gk giE shag Y

LLAN LB TE BE ) 5 MUK Y A 4 RE ) BT
F LT AN R B L 2N SR B 4 R S T i
DA 4 i 45 20 5 2 1) R AH BT IR 23 52 i £ 20 i
AREST o Berge 25 BFFEIN N, b 76 Ak W A i
28 d, ATHE IR MATAHME © -3 5 o -6 Z A1
AR DT 1) AL, 38 10 21 230 Jfd B XUBEE i B DA B bt 4R
/B A T8 E5, T A0S 21 240 B B0 1, R e 4140
ASTERE S o ABIRSE B & B 7 R A A
X ET 2 M AR A S P (B AE e s )
B T TR ] P9 A2 R R RAT it e £ 4 i i A PR 1Y
DLV
2.2.3  FEMRBEERIAN 5 KR B B Bl S HUA TR
ez

BUAIZ B 5 Bt A A RE 1 A& 5 i Bl 55 IR A 1Y)
R, KEWTTERY], A RE )& B #2 T ]
ek NAE 3 JE KA . Berge %X 17 4 ek
FEAE HEAT A 28 d YR A R D 7E (832, 5 mg/d
EPA + DHA) , Z5 5 % B, F Al Bt ARyl v I =5 185 o o
T - AOC; By AR B R 13 mT k3 /s B PR 22 0 175
S A A L, 2 B MDA TR P B
(ROS) JKP AR ™ 5 P AR A A ol o 3 92 48
U8 T SO A AR A A e D TR RS N 7 5 B R 22
BRIy SOD i Jy 3 fm, MDA | — % L& (NO)
1 ROS 7= A=y 7 Skarpanska — Stejnborn L 38
WF5E R B, #b e AW 6 i (1 g/ d) W] B B i
FHEIZ 3N IR IZ 5 24 h B Hb 2 R S
PI(TBARS) 7K~F-, 1t B b 78 e B e R it ] 245 R ik
- $zen) BRIV =R AR &

TEAHIEFEH, Rb SR 1t p A B AR 4 F8 0
R BRI K i i 3 Ja K S 9 TRl B A 4 4 Ak RE
73, AT RE TR B R AR S AR R, ER
Rk KR 3 Ja MU AL E  E e se
Ho g 5 A I SR BRI AR B2 A G A
F 2 (nuclear factor erythroid 2 — related factor 2, Nif2)

FAELAE R, 44 N IR PR B R 5

AHFFERIN, b7 ) e R 4
AT K IS Bl 5y OB B 35 24 h B4 B
TR, RN LT HT A AL B GSH - Px (SOD i J 4
Jin, T — AOC ¥, M 3812 3l I S A N PR A i7F
PRIZ N A BE5 T8, v L o R Bl R T D SRR B 4T
Ursoniu 2" FFE R B, 40 FE S JH 4 ¢/ d (RI AR BEF
THT, AT SR RN =T Bl B SR AR Ui S A
e 8, Bl 36 v o 1 32 30 U WL P 40 A 55
AW —HUESE T #b 78 RS B R 9 AT 2 v iR
i B JE PR S BRI 4T S A0 B 5 1, R R 90 38 AT 4k 252
RT3 e AR AR X UL A B A5 A P S
2.2.4  FERRBRER RN 5 K A Bl E ML
K-

PUARSES TR 58 B2 3l 5 8t 30s 30 5 S se i il
MG BG4 SR e 0] 1 e BB A Y b
Fo A K M2 B B3 KR A2 Bl 24 h e se i
K, F BRI S8 E P F IL -2 1L - 6 Al TNF - «
B  HURSPE AT BEAR , 36 T3z St 55 1R
SR, Laslett 2147 % 260 44 i 561 46 it
176 A H Rtk m e s (2 g/d) 255 LI, Rtk
WRYMZE A 1 BB BRI 42 B SE s WA vl o] I A
NRBiHERREER /MR IL -6, TNF - «
({235 s WRUF IR T 33 i 4 ) Thl A1 Th17 42 %
PR T 0 2 k1) I 45 M 98 K RN BRR E R
[ Da Boit 2 BFSE R B, #MFE 6 JH 2 o/d RIHR Bk
WY, BE B S 1 hn i B 75 AE AR 1Rz 35 3 ho o
3 AN E M BAAAZAH TL - 2 597742 F NK 41 6 T
P, T X2 ERR AT 1 S T RE T AT 0, i B #b 78
T FRCBEAR Joh P AR 2 AL AR K5 1 42 3 I o 2 41 ol Pk
5o WRETR Y T BB 3E A R Y Ak A Bl AR I B T A2
A -y (PPAR — ) B R T A T - «B (NK -
kB) Hl Nod £ {4 (NLR) 25 {5 5 % Ji > R AE
P40 IL -2 IL -6 1 TNF — o #9774 oAb, B

B DHA % H il = B8 & DHA 7E 3 2> 98 5 [+
IL - 18 IL - 1077 i A 5 & /e A

oA R R T € S [N SN = |

o P AR B AT )b e XA AT R AT I VR R B T L e R
S AR BT 1) T S AT O R B S B JE AL AT
AR, g KR i Bl e e I, AT A2 2E AL
IR . R, #Eis 2 32 B B BOR F R R R
R MR YR R4 5 4 78 T T
3 % i

1T RS AR T AN RE R THE B A AR
J1 A8 4 FE e R A Sl A T AT DA kA R B g



2022 4F 55 47 ¥ 5 11 1) i

iR 23

HR LR I X — S BRERA YT, T 4 Sl o v ) AR
LIS DR S TR 35 € IR ) Ve /e 2R A Ve 1 e
J1 AL TFIKIE .

SE

[1] RAWSON E S, MILES M P, LARSON — MEYER D E.
Dietary supplements for health, adaptation, and recovery in
athletes[ J]. Int J Sport Nutr Exerc Metab, 2018, 28(2) :
188 - 199.

[2] TSUCHIYA Y, YANAGIMOTO K, NAKAZATO K, et al.
Eicosapentaenoic and docosahexaenoic acids — rich fish oil
supplementation attenuates strength loss and limited joint
range of motion after eccentric contractions; a randomized ,
double - blind, placebo — controlled, parallel — group trial
[J]. Eur J Appl Physiol, 2016, 116(6) :1179 —1188.

[3] PHILPOTT J D, WITARD O C, GALLOWAY S.
Applications of omega — 3 polyunsaturated fatty acid
supplementation for sport performance [ J ]. Res Sports
Med, 2019, 27(2) . 219 -237.

[4] HESSVIK N P, BAKKE S S, FREDRIKSSON K, et al.
Metabolic switching of human myotubes is improved by n —
3 fatty acids[ J]. J Lipid Res, 2010, 51(8) : 2090 —2104.

[5] XIE D, JIN J,SUN J, et al. Comparison of solvents for
extraction of krill oil from krill meal: lipid vyield,
phospholipids content, fatty acids composition and minor
components[ J]. Food Chem, 2017, 233, 434 —441.

[6] SUNG H H, SINCLAIR A J, LEWANDOWSKI P A, et al.
Postprandial long — chain n — 3 polyunsaturated fatty acid
response to krill oil and fish oil consumption in healthy
women: a randomised controlled, single — dose, crossover
study[J]. Asia Pac J Clin Nutr, 2018, 27(1) ; 148 -157.

[7] KIM M G, YANG I, LEE H S, et al. Lipid — modifying
effects of krill oil vs fish oil; a network meta — analysis
[J]. Nutr Rev, 2020, 78(9) : 699 - 708.

[8] KROUPOVA P, VAN SCHOTHORST E M, KEIJER J, et
al. Omega — 3 phospholipids from krill oil enhance
intestinal fatty acid oxidation more effectively than omega —
3 triacylglycerols in high — fat diet — fed obese mice [ J/
OL]. Nutrients, 2020, 12(7):2037[2021 - 08 - 19].
https ://doi. org/10. 3390/nul2072037.

[9] KUMAR N G, CONTAIFER D, MADURANTAKAM P, et
al. Dietary bioactive fatty acids as modulators of immune
function ; implications on human health[ J/OL]. Nutrients,
2019, 11(12) :2974[2021 — 08 —19]. https://doi. org/
10.3390/nul1122974.

[10] URSONIU S, SAHEBKAR A, SERBAN M C, et al. Lipid —
modifying effects of krill oil in humans: systematic review
and meta — analysis of randomized controlled trials [ J ].
Nutr Rev, 2017, 75(5) : 361 —373.

[11] SUZUKI Y, FUKUSHIMA M, SAKURABA K, et al.

[13]

[14]

—
—_
9}

[

[16]

[17]

[18]

[19]

[20]

Krill oil improves mild knee joint pain: a randomized
control trial [ J/OL]. PLoS One, 2016, 11 (10):
€l62769( 2021 - 08 - 19]. https://doi. org/10. 1371/
journal. pone. 0162769.

STORSVE A B, JOHNSEN L, NYBORG C, et al. Effects
of krill oil and race distance on serum choline and choline
metabolites in triathletes; a field study [ J/OL]. Front
Nutr, 2020, 7. 133[2021 =08 = 19]. https://doi. org/
10. 3389/fnut. 2020. 00133.

FLEISCHMANN C, HOROWITZ M, YANOVICH R, et
al. Asthaxanthin improves aerobic exercise recovery
without affecting heat tolerance in humans[ J/OL]. Front
Sports Act Liv, 2019, 1. 17[2021 =08 =19 ]. https://
doi. org/10. 3389/fspor. 2019. 00017.

AR, MROCEE, et 45, 53T R ERIE S5 YO -
YO i 5 32 3 5 i FU IR | O FR 8 A A S 59 23
[I]. T HHAR =B =4, 2017, 37(4) : 85 -89.
KAPILEVICH L V, ZAKHAROVA A N, KABACHKOVA
AV, et al. Dynamic and static exercises differentially
affect plasma cytokine content in elite endurance — and
strength — trained athletes and untrained volunteers [ J/
OL]. Front Physiol, 2017, 8; 35[2021 - 08 - 19].
https : //doi. org/10. 3389/fphys. 2017. 00035.

WANG C C, DING L, ZHANG L Y, et al. A pilot study
on the effects of DHA/EPA — enriched phospholipids on
aerobic and anaerobic exercises in mice[ J]. Food Funct,
2020, 11,1441 - 1454.

ZEBROWSKA A, MIZIA - STEE K, MIZZIA M, et al.
Omega — 3 faity acids supplementation improves
endothelial function and maximal oxygen uptake in
endurance — trained athletes[ J]. Eur J Sport Sci, 2015,
15(4) . 305 -314.

KAWABATA F, NEYA M, HAMAZAKU K, et al.
Supple — mentation with eicosapentaenoic acid — rich fish
oil improves exercise economy and reduces perceived
exertion during submaximal steady — state exercise in
normal healthy untrained men [ J ]. Biosci Biotechnol
Biochem, 2014, 78(12) : 2081 —2088.

DA BOIT M, MASTALUROVA I, BRAZAITE G, et al.
The effect of krill oil supplementation on exercise
performance and markers of immune function [ J/OL ].
PLoS One, 2015, 10(9) . 1391742021 - 08 - 19].
https ://doi. org/10. 1371/journal. pone. 0139174.

AVILA - GANDIA V, TORREGROSA - GARCIA A,
LUQUE - RUBIA A J, et al. Re — esterified DHA
improves ventilatory threshold 2 in competitive amateur
cyclists[ J/OL]. J Int Soc Sports Nutr, 2020, 17(1) ; 51
[2021 - 08 - 19]. https://doi. org/10. 1186/512970 —
020 - 00379 -0.



24

CHINA OILS AND FATS

2022 Vol. 47 No. 11

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

PATTEN G S, ABEYWARDENA M Y, MCMURCHIE E
J, et al. Dietary fish oil increases acetylcholine — and
eicosanoid — induced contractility of isolated rat ileum
[J]. J Nutr, 2002, 132(9) : 2506 —2513.

CLARK C M, MONAHAN K D, DREW R C. Omega -3
polyunsaturated fatty acid supplementation attenuates
blood pressure increase at onset of isometric handgrip
exercise in healthy young and older humans [ J/OL].
Physiol Rep, 2016, 4(14): €12875[2021 -08 - 19].
https : //doi. org/10. 14814/phy2. 12875.

LOGAN S L, SPRIET L L. Omega — 3 fatty acid
supplementation for 12 weeks increases resting and
exercise metabolic rate in healthy community — dwelling
older females [ J/OL]. PLoS One, 2015, 10 (12):
e144828[2021 - 08 - 19]. https://doi. org/10. 1371/
journal. pone. 0144828.

MORISHIMA T, TSUCHIYA Y, UEDA H, et al
Muscular endurance and muscle metabolic responses to 8
weeks of omega - 3 polyunsaturated fatty acids
supplementation[ J/OL ]. Physiol Rep, 2020, 8 (16):
el4546[2021 — 08 - 19]. https://doi. org/10. 14814/
phy2. 14546.

OCHI E, YANAGINOTO K, MORISHIMA T, et al.
Eicosapentaenoic acid — rich fish oil supplementation
inhibits the decrease in concentric work output and muscle
swelling of the elbow flexors[ J]. J Am Coll Nutr, 2019,
38(2): 125 -131.

BERGE K, MUSA - VELOSO K, HARWOOD M, et al.
Krill oil supplementation lowers serum triglycerides
without increasing low — density lipoprotein cholesterol in
adults with borderline high or high triglyceride levels[ J].
Nutr Res, 2014, 34(2) . 126 —133.

BAKKER N, SCHOORL M, STOUTJESDIJK E, et al.
Erythrocyte deformability and aggregability in patients
undergoing colon cancer surgery and effects of two
infusions with omega — 3 fatty acids[J]. Clin Hemorheol
Microcire, 2020, 74(3) : 287 —297.

AUGER C, SAID A, NGUYEN P N, et al. Potential of
food and natural products to promote endothelial and
vascular health[ J|. J Cardiovasc Pharmacol, 2016, 68
(1): 11 -18.

RAMPRASATH V R, EYAL I, ZCHUT S, et al.
Enhanced increase of omega — 3 index in healthy
individuals with response to 4 — week n — 3 fatty acid
supplementation from krill oil versus fish oil [ J/OL ].
Lipids Health Dis, 2013, 12. 178 [2021 - 08 - 19].
https ://doi. org/10. 1186/1476 - 511X - 12 - 178.
RAMPRASATH V R, EYAL I, ZCHUT S, et al
Supplementation of krill oil with high phospholipid content

increases sum of EPA and DHA in erythrocytes compared
with low phospholipid krill oil [ J/OL]. Lipids Health
Dis, 2015, 14, 142[2021 —08 - 19]. https://doi. org/
10.1186/512944 - 015 - 0142 —y.

[31] NADER E, MONEDERO D, ROBERT M, et al. Impact of

a 10 km running trial on eryptosis, red blood cell rheology,
and electrophysiology in endurance trained athletes: a pilot

study[J]. Eur J Appl Physiol, 2020, 120(1) ; 255 -266.

[32] WALKER C G, WEST A L, BROWNING L M, et al. The

pattern of fatty acids displaced by EPA and DHA following
12 months supplementation varies between blood cell and

plasma fractions[ J]. Nutrients, 2015, 7(8) ; 6281 —6293.

[33] ANDERSSON A, NALSEN C, TENGBLAD S, et al.

Fatty acid composition of skeletal muscle reflects dietary
fat composition in humans[ J]. Am J Clin Nutr, 2002, 76
(6): 1222 - 1229.

[34] BERGE R K, RAMSVIK M S, BOHOV P, et al. Krill oil

reduces plasma triacylglycerol level and improves related
lipoprotein particle concentration, fatty acid composition
and redox status in healthy young adults; a pilot study|[ J/
OL]. Lipids Health Dis, 2015, 14, 163[2021 —08 - 19].
https://doi. org/10. 1186/512944 — 015 - 0162 - 7.

[35] MIHALJ M, STUPIN A, KOLOBARIC N, et al

Leukocyte activation and antioxidative defense are
interrelated and  moderately modified by n - 3
polyunsaturated fatty acid — enriched eggs consumption:
double - blind controlled randomized clinical study [ J/
OL]. Nutrients, 2020, 12(10) :3122[2021 -08 —19].
https ://doi. org/110. 3390/nul12103122.

[36] CHOIJ Y, JANGJS, SON D J, et al. Antarctic krill oil

diet protects against lipopolysaccharide - induced
oxidative  stress, neuroinflammation and  cognitive
impairment[ J/OL]. Int J Mol Sci, 2017, 18(12) ;2554
[2021 - 08 - 19 ]. https://doi. org/110. 3390/

1ijms18122554.

[37] XIONG Q, RU Q, TIAN X, et al. Krill oil protects PC12

cells against methamphetamine — induced neurotoxicity by

inhibiting apoptotic response and oxidative stress [ ] ].

Nutr Res, 2018, 58 84 —94.

[38] SKARPANSKA — STEJNBORN A, PILACZYNSKA -

SZCZESNIAK k., BASTA P, et al. Effects of
supplementation with Neptune krill oil ( Euphasia
superba ) on selected redox parameters and pro —
inflammatory markers in athletes during exhaustive

exercise[ J]. J Hum Kinet, 2015, 47. 7 -8.

[39] #HM, RuiA, BHF, 5. SRR AR Sk

wEEA AT E R EmT]. & RRE, 2021,42
(17) :177 - 185.

(TF4% 50 )



50 CHINA OILS AND FATS

2022 Vol. 47 No. 11

[7] XIAO L, LEE J Y, ZHANG G, et al. HS — SPME GC/MS
characterization of volatiles in raw and dry - roasted
almonds ( Prunus dulcis) [J]. Food Chem, 2014, 151.
31 -39.

BT, RAEIE, FRIE, AF. BT ZMIE KA aUE
WFI AR e T[], R EFR 228, 2019,
44(18) :4026 —4033.

[9] CHENG H, CHEN J L, CHEN S G, et al.

(8

[

Sensory
evaluation, physicochemical properties and aroma — active
profiles in a diverse collection of Chinese bayberry ( Myrica
rubra) cultivars[ J]. Food Chem, 2016, 212 374 —385.

[10] FMIEAE, FuEse, PRifk, &5, A A Mo e 20k
TR KA D E A I R OE T[T ). B Tl B
i, 2017, 38(1) : 296 —299.

[11] XUME, BHASE, EiL%. 3 DRSS I =% 2%
R EW oA (1], 'ahBha, 2018, 39
(10): 206 -214.

[12] JANZE, whiEse, Ppide4s, 45. SPME - GC - MS /3
SR N R SN E R B[] AR = 41

2012, 27(6) : 115 -119.

[13] HRG, ZEWem, 2o, 45, 8 Ihiph e i IR I = 2y
SN]SR, 2020, 37(7) ;1016 - 1024.

[14] FRANKEL E N. Lipid oxidation [ J]. Prog Lipid Res,
2005, 19(1) . 1 -22.

[15] CR B, fhaE, B2, & JeBsfb A F Ry i
[J]. HE3g, 2004, 29(9) .41 -4,

[16] XUBERE, BESCHE. K58 xF B XUk K Hoah g AL B
gm[J]. EmAE, 2004, 29(4) : 50 -52.

[17] &M, THa, WigieE, 55 3F SPME - GC - MS
L 5 A3 BT WA e o A A e R M i 78 1k
[J]. iRk, 2019, 40(16) : 220 —226.

(18] Jame, Bl skAMM, . HAEFURT R AZ AR & P A
YRR B RN T ). g, 2017, 42
(2): 130 — 134, 140.

[19] i 475, S, B2, 5. BB E L fE i
FerAE AL M H T SR AT I [T ], ARl T2 2 3,
2017, 33(14) . 284 —291.

(L3524 1)

[40] BROWN DR, GOUGH L A, DEB S K, et al
Astaxanthin in exercise metabolism, performance and
recovery: a review [ J/OL]. Front Nutr, 2017, 4. 76
[2021 — 08 — 19]. https://doi. org/110. 3389/fnut.
2017.00076.

[41] LASLETT L L, ANTONY B, WLUKA A E, et al
KARAOKE: krill oil versus placebo in the treatment of
knee osteoarthritis: protocol for a randomised controlled
trial[ J/OL]. Trials, 2020, 21(1); 79[2021 —-08 —19].
https ://doi. org/110. 1186/513063 —019 -3915 —1.

[42] ZADEH - ARDABILI P M, RAD S K. Anti — pain and
anti — inflammation like effects of Neptune krill oil and
fish oil against carrageenan induced inflammation in mice

current statues and pilot study [ J/OL ].
Biotechnol Rep (Amst), 2019, 22. e341[2021 - 08 -
19]. https://doi. org/110. 1016/j. btre. 2019. e00341.

[43] LIU F, SMITH A D, SOLANO - AGUILAR G, et al.

models ;

Mechanistic insights into the attenuation of intestinal
inflammation and modulation of the gut microbiome by
krill oil using in vitro and in vivo models [ J/OL ].
Microbiome, 2020, 8 (1). 83 [2021 - 08 - 19 ].
https : //doi. org/110. 1186/s40168 — 020 — 00843 - 8.

GRIMSTAD T, BJ@RNDAL B, CACABELOS D, et al.

Dietary supplementation of krill oil attenuates inflammation

[44

[

and oxidative stress inexperimental ulcerative colitis in rats
[J]. Scand J Gastroenterol, 2012, 47(1) ; 49 —58.
[45] CHE H, LI H, SONG L, et al. Orally administered DHA -
enriched phospholipids and DHA - enriched triglyceride
relieve oxidative stress, improve intestinal barrier,
modulate inflammatory cytokine and gut microbiota, and
meliorate inflammatory responses in the brain in dextran
sodium sulfate induced colitis in mice[ J/OL]. Mol Nutr
Food Res, 2021, 65:. 2000986 [ 2021 - 08 — 19].

https ;//doi. org/110. 1002/ mnfr. 202000986.



