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Abstract

This study was to evaluate the anti-fatigue effects of lactic acid bacteria (LAB) produced by Grape
King Bio Ltd. In the experiment, 35 male ICR mice were randomly divided into 7 groups (n = 5):
control (Vehicle), LAB GKJ1, GKK1, GKK3, GKK4, GKEX, and GKY5. Different LAB strains were con-
tinuously fed for about 40 days. The forelimb grip and the exercise exhaustion were analyzed, as
well as the serum lactate and blood urea nitrogen (BUN) after exercise were monitored respec-
tively during the 29t to 39th day of the experiment. The results showed that, among the tested LAB
strains, Lactiplantibacillus plantarum GKK1 and Levilactobacillus brevis GKEX significantly improved
the forelimb grip, time to exhaustion, and maintained lower serum lactate and BUN respectively
after exercise when compared to the vehicle. In addition, they significantly increased the glycogen
in the liver and muscles. From the above results, L. plantarum GKK1 and L. brevis GKEX have the
potential to improve exercise endurance and reduce exercise fatigue indicators, which can be ap-
plied to the development of health care products related to exercise promotion.
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1. 5|8

% 57 (fatigue) & — MRS S, B SHLB UK RRIRE AT O, T 57 BN EM K52, BH
L TR TIRANES ] SN . 997 8UE 57 BO2 B #IT4R, 5k 55(weakness) ANJA], Honl Do Ak &
KGR 1] 83N I 57 o s WA 2y oW i), 3230 5 EE LAY 55 B B S AR A LI g )
TFE, fERE— LA FEUE AR, A5 2 I FLER (lactate) I HEAR . 1% (blood ammonia)iK Tt =55 [2]. 247K
5218 By B H AR SR A 1) e ) Bk RS BT R AR I IX e 55 FR bR IR e, AR FL D (electrolyte) . RE B AM 77T
(energy supplement) 5 [P kb 78, AEH I ()95 SRR X ol BRI BIVK S, IR EBFER I8 55 I T3k

2 4 T (probiotics)# i& SUONTE VAR B A YD, B2 1E - (RFE B WiE) i ki@ Rt 4b[3]. mplaiE
R 2 A DA AR T o TE S A= 0 )~ BT R R 36 I 2 AR T T R T S T RE . ST AR
T SR B AT A1(4] [51. H BT A A 2 25 B B AR DL FLIR 1 (lactic acid bacteria, LAB) &5 K #f3, 1 234t
Ft LAB B 7T 8 W ImIE R K, TRATURAIETESE[6] [7] [8]. I AFE B2 Mk i A TR X ig 3 R I
TR CTTE0]. (SEHNILRF B (Lactiplantibacillus plantarum) PL-02 (RS, 1EZDRIe S 2
RAVRE. BRI, PAERPUET FIE[10] [11]. MERFLAT & (Ligilactobacillus salivarius) SA-03 HI4h
78, 1RSI0 P R B0 HL AR &« LR 8 AL B2 25 (creatine kinase) 35 57 TR A5, 1A HEIE S S I RCR[12].

s b, WK 2 12 5) 51 DLai A2 WA N E TR a7, LRSI 8 R IF 18 3 J5 19 57 K
PRI S AN (7] 78 A2 B B R B Th R E = AR, Aseda il [# & AR ARAR ] pridtt e JLRw, &
/NS BTE TR & B IR NG, PPl RN IE ) R B B SRR 2 s s Bk R ) 2 R

3
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e
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2. RIS
2.1. EHRIEFSHIE

SIS FLIR A B bR IL 6 Bk, H A &) £ AE R A A B /A B (Grape King Bio Ltd., Taoyuan, Taiwan)#2ft, &
RNATEH. WTEA. ZEREK. 2508 VIR (Lactiplantibacillus plantarum) GKI1 . HEY)FLAT B
(Lactiplantibacillus plantarum) GKKI1 . XK F BK & (Pediococcus pentosaceus) GKK3 . FLIR F Bk
(Pediococcus acidilacticiy GKK4 . Ji 3. B& # B (Levilactobacillus brevis)y GKEX, DL J& i 2= ¥+
(Lacticaseibacillus rhamnosus) GKYS5.

LI FERES IR T 1 L 2 MRS 15953 (Difco, BD, USA)1, & & 37°CHE9% 16 /MG, BL 25°C 5000 rpm
(Heraeus Megafuge 40R, Thermo Fisher Scientific Inc., USA)E L 10 3B EUS B, 1R 20% A5 054, 5
R UR TR IS IS B w08 Bk SR T 4°C, YR SEaiscia i .

2.2. REHMSEF

AR 2 SER BN E AT SRR E VIR A BR A 7] (BioLASCO Co., Ltd., Taiwan)lJN 6 JE#:
ICR MR 35 R, “FIIREL 30 Aw. AT SEEES 22°C £2°C, BEEH 65% £ 5%, 52
A4 12 /N (06:00~18:00 SAYEHERE,  18:00~06:00 4 1)

2.3. BISELERT

AN E N, HARE RN S TUHEFF T Ay T AL, AR 5 W a3 e B 4L (Vehicle)
FLER I GKJI1 4. FLER B GKK1 4. FLERH GKK3 4. LR GKK4 4. FLRW GKEX 4, PLLILER
GKY5 4. 254 21 mg/kg b.w./day Z FEES: 39 KRB/, AR BBAN UK FE KRB . fH
MWD RAEARN, HTREE 29 & 39 KRWNEHTIEFNM /1. E3hE 55 PR M (K 1) A& AT,
Wk 7R M ). 1230 )5 MFLER 5 1Ml JK % (blood urea nitrogen, BUN)IKE, M FHESNLAZ

JH I 25 &

a. BT IS0k frelimb gip strength test d. MALFR 53 Hrlactate analysis

b. JiFik 7135 Ml ik exaustive swimming exercise e. MR 753 HTBUN analys

c. #2073l ik exhaustive runing exercise f. 47iE. FTEE 2> Hrelycogen analysis

a b ¢ d e f

| | | | [ | | | |
| | I | T 1T 17 1T 1 >|
0 7 14 21 2829 31 33 35 37 39

Oral probiotics (about 40 days)

>

Figure 1. Study design
B 1. EIRit

2.4. BIBAM(Forelimb Grip Strength)it &

A8 458 B R IR AR 0 DA V1Al W 5 s B B UL e ) — Fh 07 20 13 ] AR Fiab e SLBR B Ja vt T2 1
BARFAZHBR, T8 29 REAREG 30 7280347 51 BT 70K (forelimb grip strength). HoE /I EUA(T
T CE T 39 J3R A (Grip Strength Meter, Model-RX-5; Ailoh Engineering, Nagoya, Japan)Z Jll &+ ( &
£2 mm, K75 cm) b, SNRIVEHFE, CAFREN/N R EAE I & /N BRI ) A2 4k i 78 v 1) B

DOI: 10.12677/hjfns.2022.114037 324 5 E R


https://doi.org/10.12677/hjfns.2022.114037

WRAtEHE %

KIT1, PAT(g)RRL .
2.5. fAE Kk iR I (Exhaustive Swimming Exercise)

WIS AT A e ik /N AT IFCE R . 58 31 KRR/ AR E 5% A 28T/ iR BB 3EAT S S ik
35 . /N RBFKATZE & 12 /N, IR FIRE LR G 30 0B, K/ RURAKEL(EAR 28 em. 7KIR 25
em. KR 27 i em AK) Y, SRR ENYIREAT IS A« LR SR R v N A S S P DU I R R A,
UUE S E N ez 7 ae ey NI N PR DA E 6 £ 2 SN B U i) I T m el K /B i oo AW NG R R
MANE KT A R RII 1], DY S ik sh 2 1 i A] .

2.6. Eﬂﬁjﬁ%ﬁﬁgﬁ'(Exhaustive Running Exercise)

TIR S 33 REAT OB miks. W, SN —AHE, JFTPuERR I E R EX, 55
BRI HAT P12 S, BUPHUI A 251 L3R 14], BIGE Y 10 m/min. BN 5%, 5 8k
JERE BRI 2 my/min (R EE) D RVE A B OB 5 AP RVERER A AT, MIAE N s, FFALSIT
HIb & g3 2 I (A

2.7. BRIRZMAELTHT

ARG LA 1 LR A BUN HCAVE A 12 3115 9% 55 PR A o SR LS 250 2 LI 3 DAL 1 30 20 # A
(Hitachi 7060, Hitachi, Tokyo, Japan)#EAT #5565 . SR ML (8] SR 20 B0 T -

2.7.1. IMABRS5
TR 5 35 RIEE AR E G 30 08T A M E /KPR 30°C £ 1°C)iifik 10 8 EE L. 2RI
Wevk il WEvkJE, LASRIK SR E 20 4080 53R 10 0.2 mL,  FE5% = AN A] Ay /E A i 2LEE 4547

2.7.2. MERERSTH

FARIEH 37 RMEEAMRE 5 30 /BRI 0.2 mL NIl Z MR REIRE LT, B L RIAK
AR 30°C £ 1°C)IMTASEFK 90 2080, FEZARE 60 785K, #H1TE3h5 HARE G 2 iR
FRIKRE T

2.8. FESAAZFESESH

TIREREE 39 KRR FLIR W G 30 70k TG sh kAT it . REE/ DRI IES J5 BRI, I
PIUEH R KIEVE G, STREE, RN 5 AR (w/v) IR R, 3 F 41 213 B HL Bullet Blender (Next
Advance, Cambridge, MA, USAAFRIHLATI A . SBE MFES T 4 282, 12,000 0E O 15 57
By, B EJEEERGH DA & ELISA Kit #HAT &2 1. 3 DA B EE(Glycogen Sigma)brifk i T4 &
L HE, FUATHE A R4 3 Sh P I -5 UL 223 A i A i 2 1 T

2.9. Gt oA

P BUE DA T bR v R 22 (Mean + S.EM.)E R, B4/ REE S N 5 H K Microsoft Excel 2010
HEAT ST REA ¢ K 2 E% Vehicle 5IAFEM A 257, FFPL p<0.05 REAG ST Lz & L.

3. &R

2 1 Bl SRR AR AL, ISR AT SR O R 22 5, SRR IA] &% A4 R B A R 4 Y
Jn, RIS AR RO A 2 5, AR IR T 6 A 7] FLIR T AN 2 0f Sl i A T sz e A
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Table 1. Mice body weight changes (g) during the experiment
= 1. LIHAE XA N R ETIER

Group Day 0 (g) Day 14 (g) Day 28 (g) Day 39 (g)
Vehicle 27.02 +0.47 34.04 +£0.68 36.14 +0.58 37.19+£0.70
GKJ1 27.50 £0.44 34.32+1.00 36.78 +1.53 37.67+1.61
GKK1 27.12+0.39 34.02+£0.49 36.15+0.63 37.35+£0.73
GKK3 27.00+0.16 3421+0.82 35.97+1.08 36.70 + 1.24
GKK4 27.28£0.28 34.76 £0.45 36.83 £0.34 37.55+£0.33
GKEX 2726 +£0.27 34.01 +1.51 36.53 £1.59 3736 £ 1.54
GKY5 27.00 +0.47 3442 +1.39 36.87 £1.49 37.79 £ 1.47

Values were expressed as mean £S.E.M. and analyzed by #-test (n = 5).

3.1. FRIEH BRI Z#0

R T A F R TR TN 2 2038, TSR38 M NS 4 J JE 3t AT sl B it . g5 i 2 fross
AN FEFLER TR 2L, B GKI1 4 4b, F BT J150fE (g) B A B Vehicle 4 & &34 o mh )LCATE ¥k L. plantarum
GKK1. L. rhamnosus GKY5. A} L. brevis GKEX B R #ifE, 5 Vehicle AML EG it FREZR, UiH

IXLCE MR B T 1D BROET AR AT
155 1
150 - .
145 4 E N h
140 4
135 4
130 1
125 4
120 T 1 1 1 1 1
¥ S O L & g L
FEFFEFFE &

'Values were expressed as mean £ S.E.M. and analyzed by
t-test (n = 5); *Symbols indicate significance when com-
pared to the vehicle (p < 0.05; “p < 0.01).

forelimb grip strength (g)

Figure 2. Comparison the effect of different strains on fo-
relimb grip strength

B 2. LB AEEbR THRA RN R

3.2. FRIE#RHNRIEBT 12 RN

WK i s R EE R, &l 3(a)fizn. Vehicle ZH7E UK L) 5 0 Bh /e A i8 3 vy, Toikdk st
K3, TIANTEEEAE L. brevis GKEX. L. plantarum GKK1. L. rhamnosus GKY5, UL P. acidilactici GKK4,
AT 53 L5 2 LK 7 vB I (A1 3 0, 0 BH 3K 26 B PR () kb 78 AT 3 THIZ i 77

HUP L) o RS R ] 3(b) s Bk GKI1 4441, 5 Vehicle LG, iE8xb il il 2 Bk &G BT
FETHHE J B (I A], 380/ R IE i )2
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’E 10 = skoksk 20 A
-8 I ’é\ k%
é 8 7 - * é 15 1 Hk sk ok
QE’ © skok sekok
£ 6 g
20 ‘fb 10 A
£ 41 £
g 2 4 g 54
.E E

0 . 0

a¢

“

A@ A%
(a) (b)
'Values were expressed as mean = S.E.M. and analyzed by #-test (n = 5); 2Symbols indicate significance when compared to
the vehicle (p <0.05; “p <0.01; “"p < 0.001).

Figure 3. The effect of the different strains on exercise endurance: (a) force swimming exercise (min); (b) force running exer-
cise (min)

B 3. FRIEHRMNTEEMHZRIR: () #FXDERIE(min); (b) B HIEHIKIE(min)

3.3. FREHNTERESEHNRERZ MAREL

1 2 5 ST DAASHRN, EVR K BT 5 4 I 7L R VR FBE 5 TG ¥ 3 72 SR (p > 0.05) 0 HLIRAS FU BRIk 10 J348h

Ja, SHZIRKREEH ETHEE, bz FLER I 2 ol B T 4E R B S BRI L ALER . Hoh 5 Vehicle

L, KFP LA #E P. pentosaceus GKK3 (p < 0.001)s L. rhamnosus GKYS5 (p <0.01)s L. brevis GKEX (p <

0.01)+ L. plantarum GKK1 (p < 0.01)+ P. acidilactici GKK4 (p < 0.05)PL K L. plantarum GKI1 (p < 0.05)f L

AR ETHR BN . R0, HREHEVK AT (A) 5K 10 2385 (B)IX PN 8] o3 6 i FL BRI E , W] 15
H AR Tt 5 LU 1A (rate of lactate production):

TEPK10438h 5 2 i FLRRE (B) /iE Pk i 2 MFLER(E (A) (1)

CLALER Tt = LUAE(B/A)KE , 5 Vehicle L, MR EfK P. pentosaceus GKK3. L. brevis GKEX. L
plantarum GKK1+ L. rhamnosus GKY5 } P. acidilactici GKK4 [J415, HAT & E R B Em D>, bl
B _E R o B AT SR TV @ shi J (K 7y Herb X BLBI#Rk GKK3. GKEX K& GKK1 IFLIR T i P A
ORI R (p < 0.01),

Table 2. The effects of the different strains on the changes of lactate after short-time exercise

= 2. WA E B TR EE S EFLER T B

Group Before swimming  After swimming  After a20-minrest ~ Rate of lactate Rate of lactate
(mmol/L) (A) (mmol/L) (B) (mmol/L) (C) production (B/A)  clearance (B-C)/B

Vehicle 333+0.16 6.23£0.20 5.56+0.13 1.88 £0.10 0.10 + 0.04
GKJ1 3.45+0.14 5.72£0.09" 5.10+0.11" 1.67 +0.08 0.11 +0.03
GKK1 3.62+0.15 521+0.10" 4.46+0.17" 1.45+0.05" 0.14 + 0.04
GKK3 3.75+0.15 4.85+0.09™ 4.12+0.33" 1.30+0.07" 0.15 +0.06
GKK4 334+0.17 5.03+0.43" 4200317 1.51+0.11" 0.16 + 0.05
GKEX 3.65+0.08 5.10+0.27" 3.94+031" 1.39+£0.04"™ 0.23 + 0.04*
GKY5 3.67+0.22 491025 4.15+0.18™ 1.37+0.14" 0.15 +0.04

'Values were expressed as mean = S.E.M. and analyzed by t-test (n = 5); 2Symbols indicate significance when compared to
the vehicle (p <0.05; “p <0.01; “"p < 0.001; *p = 0.05).
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AL, ATk 10 7380 )G AR R 20 0 8h 2 I FLERIR BESE R (C), S AR L&A T FErts

. A, KFLLE R L. rhamnosus GKYS5 (p <0.001)« L. plantarum GKK1 (p < 0.001). L. brevis GKEX

(p <0.01) P. pentosaceus GKK3 (p < 0.01)- P. acidilactici GKK4 (p < 0.01)VL X L. plantarum GKJ1 (p < 0.05)

5 Vehicle AL, BEEIZENIRE 5 4ERFEUR A MALERIKFE . LUK 10 40 84(B) AR EL 20 435 5 (C)iX 4
B[] i ) L FLER VR BT, W] LA H FL R Y B LU AE (rate of lactate clearance):

[i@ﬁ])ﬁZ[ﬂlﬂ@Eﬁ(B)—iﬁiﬁ)ﬁﬁ‘%)ﬁ‘zmﬁmﬁﬁ(C)]/i@ﬁ])ﬁZ[ﬂl?L@Eﬁ(B) 2

MFLERTE PR LU R, 50 B Ak < FLERVE B L B3 BE =i T Vehicle 41, RUEERA ARSI L2 R . (L
HHNFE L. brevis GKEX 45, HILFRWEERLELL Vehicle 415 F T4 2.3 f%(p = 0.05), Uil EE L.
brevis GKEX {EAH [F]12 2N [8] P4 RE PRI VK & B 0 ML FLRR P-4, BRI I 57 (1 UK
3.4. FEIEHKMTFENKE R IR RZERIRE Z W

FHH /N RIS B AT 2 PR R IR E H IO IR 2 57 (56 3), FEFLIR 90 43 B AS i E iFvkiz 3l Ja HARE 60 4
Bl i JR R EIRE B G N3 . 5 Vehicle ARG, #MA % ALERHE WM L. brevis GKEX (p < 0.01).

P. pentosaceus GKK3 (p < 0.01)« L. rhamnosus GKY5 (p < 0.05)LLJ% P. acidilactici GKK4 (p < 0.05), Hiz&
B J HAH [E) R S0 Ta) T 6 I PR 2R R0 B I SR A1, 0 B 3 S BT PR b 8 A B TR g DR K 5

Table 3. Comparison of different strains in changes of the BUNIlevel at 60 minutes rest after
long-term exercise challenge

7 3. LA EEAS T KEEZ R ERR 60 2 iRERTHIFR

Group Before swimming (mg/dL) After a 60 min rest (mg/dL)
Vehicle 22.08 £0.33 35.58+1.24

GKIJ1 22.22 £0.66 35.16 + 0.87
GKK1 22.02+0.34 32.68 +0.59

GKK3 21.92 +0.20 31.16 £ 0.43"
GKK4 22.64 +0.88 32.12+£0.43
GKEX 22.12£0.17 29.38 £0.52"
GKY5 21.98+0.26 31.56 +0.47

'Values were expressed as mean + S.E.M. and analyzed by -test (n = 5); 2Symbols indicate
significance when compared to the vehicle (p < 0.05; ~p < 0.01).

3.5. FRIEH TR AL AP S B2 R0

NT T IEANFEAS R B AR 5 B 8 i g 2L 23 b S B RE RS AR 2 & i, T st i E — K
L5 30 3802 )5, W /N BT U o ST E -5 BB AL PR 4 330 A7 I 2 2 20 A o CE RS I (liver
glycogen) & & AU 45 RN E 4(a)fion, VAFLBRH HRE L. plantarum GKK1 (p < 0.001)H1 L. brevis GKEX (p <
0.01)2H 2 NI & & 2 3% = T Vehicle 41, VLM PAR A BI T RERMAEE . WL EAL I B (muscle
glycogen) & E 45 B E 4(b) 45 B F7~, 5 Vehicle AL, M8 HE#k L. plantarum GKK1 (p < 0.01). P.
pentosaceus GKK3 (p < 0.05)LA X P. acidilactici GKK4 (p < 0.05)% 18 F-ULRA AL ATEE & &, 35 I X 8
5 B B T LA RE & R
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330 - Tg 2.5

2 7

2 25 B *k 20

= 80

Lo =3 ey *

an 20 g *k ‘[‘

g = 1.5 *®

= 15 §0

go g 1.0

g 10 5

e

5 5 § 0.5

= =

0 g 00
a2 /\\ N ™ ™ AY' 4‘3 a2 x\ N > ™ **v AQ’)
O Q
FEFEESS FEFEESS

(@) (b)

"Values were expressed as mean + S.E.M. and analyzed by #-test (n = 5); *Symbols indicate significance when compared to

sk

the vehicle (p < 0.05; “p < 0.01; *"p < 0.001).

Figure 4. The effect of the different strains on glycogen level: (a) liver; (b) muscle

B 4. LERAEEMZ S E: (1) FEBE; (b) AL
4. Wit

PSRN IEE R AR AL, AR TR R P R R S S S T IS 38 g DR I 5 £
AL DELE Fy . BRIR SR S R c R 5 T R KR S 15] [16]. BKZ TR
B TSN R S B 6 R, I RN 0 25 AR B T B IS BN I 5 3 (1K
SEH17]. Kk, AR5 T/ B Eh R s R T BOovk L 2 75 AT BTG SN RS 00 55 IO CR .
RIS VLT HE 39 F MM SLIO AR, 75 S0Hh 78 FURR T S , £ 1011 B3k % 10 388 P2 5 i), 1 98 P 25 7 R
R S 1) S AR 1], SR I3EAT 4% S5 B R 77 55908 55 AR 9% (0 4 A A AR 4T«

Table 4. Summary of the test results of lactic acid bacteria strains in anti-fatigue animal models

= 4. BREREFS TR PN BEREKRRIESER

Tests/Strains GKJ1 GKK1 GKK3 GKK4 GKEX GKY5
A9 A7 forelimb grip strength 71 1 1
Ji#0k 719 force swimming test 1 1 11 11
#2173 force running test " " " 71 1t
FLERF 5 LU AH rate of lactate production I 1 | 1 |
FLIRN B LU H Rate of lactate clearance 1
IfiL K3 B BUN level m ! m l
AT HE AT liver glycogen " 1
AL muscle glycogen M + '

1 or | indicate significance when compared to the vehicle.

AT K L. plantarum GKK1 22 7N BAE I 3 4 45 S b 2.3 B Vehicle 2Him20 1.6 1%, EALA
JH I 53 B 45 R b W25 EE Vehicle A2 1.3 i (1&] 4)o RUFFR % T LA i om0, FERECR I, it
S LL R AR T, ST 4Edete e M IMBER RS, 4R 4L S ik pe B 1) HBORIE[18], DR bA] A5 HE I B ik
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L. plantarum GKK1 "W B2 5 GG & RIMEE S8 H o N7 L. brevis GKEX TERLIN (A3 3)1 5 () FLER
Th AL Vehicle 4 & FERZ) 0.7 £, {ERIR A1z 3h 5 BAR S S I FLERTH BR ELAE#L Vehicle H . & 42
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