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The effect of curcumin supplementation on the inflammatory responses, oxidation
stress, muscle strength improvement, performance of adults with exercise types
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Abstract

The purpose of this study was to investigate the effects of ingestion of curcumin on inflammation, oxidative stress, muscle strength im-
provement, and exercise performance in tissues before and after training for general subjects in endurance and resistance sports. For this
purpose, healthy and normal physical activity was set as the population between the ages of 20 and 39, and the subjects were selected
using the nomadic sampling method through online and offline. After organizing a test group and a control group by randomization, the
curcumin intake group and the control group were separated for each group, and the study was conducted for 5 weeks. For data process-
ing, the results were analyzed using SPSS 23.0, and each item was analyzed by applying two-way (2RG X 2RM) ANOVA according to the
group and treatment period. The results obtained according to these procedures are as follows. First, there was no statistically significant
difference in body composition changes before and after training according to curcumin intake. Second, TNF- ¢ and IL-6 analysis showed
a statistically significant difference in the changes in blood inflammation before and after training according to curcumin intake. Third,
as a result of analyzing the change in oxidative stress before and after training according to curcumin intake, a statistically significant
difference was found in SOD. Fourth, as a result of the change in waist strength before and after training according to curcumin intake,
statistically significant differences were found in 30° /sec waist extension and flexion strength. Fifth, there were statistically significant
differences in the maximum oxygen intake and exercise duration in the exercise performance change of endurance events before and af-
ter training according to curcumin intake. These results are expected to help improve blood inflammatory response, oxidative stress, mus-
cle strength, and exercise performance through intake of curcumin during endurance and resistance training.
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of M2 AFY HAJol| w2 JeAganoA FAXHOE folgh
o7} YEREA] 9ttt

GPXE #4913 A3} EC Heol e ARS7(152.25+23.280mol/
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R »}E}” ™, EN HdeME 27185t ool b A

i

CKE 4% A7 EC oA ARSA(187.55+32.25U/L) AAo mE FEAEFHAAN FAHOE ot Apol7t YER}
o3 AFE=2(198.35+35.15U/L)lA Z71eh= 7ddko] UrEP*OEtl A T BE??} RC HAdolde ApdZ74(154.31+19.89nmol/
EN HReli= S71eliek ol me 77w AAo) me 452t minm) olF AFZ150.97£26 3mmolminmD)A - S718RE
S8 UEhA 2tk ®=3E RC HdellAMe ARz % (195.29 ZgFo] Uehom, RN HellA = F71slst) oo maE AFRl
E 6, 772 MFof| W A5} AEHAO| iz}
a1z RiC} ZiAb _ 1% 5
= =C AR AS
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37 AldEe 248 A3} EC FJdolde A=A
(256.25458.29) 0]% AEZ4(293.33+61.46)04 Z713k= Aol
Uepor, EN HaolME Z71s9ith oo e AFY Ao
02 AT BAHSE fefgt o)t ERGTHP05).
Tg RC HuolMe ARSH(300.55+46.38) o]F ARFZA
(33195584004 F7Fehe Ado] YeRgoH, RN FdoA=
7Kl ol mE AFY Ao wE FJsAgaer F
AZSZ froldt Aol7t YeRtA] ekotet.

30° fsec s8] F2ES B3 Ay BEC AdlMe A=A
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Uehton, EN e &Z Z71It. ofd w2 AFR
HAlol| e FeALaI A FAHCR Fofgt Ajol7h VERE
THp<05). =3k RC FdollAE APS(25319£35.29) o] & ARS:
Z4(267.25+42.99001 4 S7FRs o] UeRgtor, RN Ftho]
ME 2Z Z7RIHT. old w2 AFR Hxdf we H52eE
oA BAHOR Fofgt 2fo|7} ERATHPC.05).

90° fsec 3] AlAES B3 Ay} EC Adole A=A
(325.23£54.81) o]F AREZ=A(330.64+61.22)004 7l gk
Uelston, EN HdolMs Z718190t) olo] mE 777 Al

2 AR gagos BAANCE o3 xlol7} UehbAl gt

ok =3k RC FdolAe ARSA426.56£36.5D ©]F ARSZSA
(4415253960904 F7lshe el Yehgen, RN A=
AE 7RG ol mE AFY Ao wE JsAgat
Me BAFZ o3t 2jo)7t YehA] eksith

90° fsec slE] S A=
(251.28+58.60) ©]F AREZA(267.23+70.25)004 Z7leh= 7&ko]
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2ol W ATALEINNE BAHOE {3t o7} YE}
UA eoktk w3k RC AdlAe ARISH(342.55146.68) o]
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7Aeo] YeREom, EN HtolMe AF At ol u
AFN Ao B2 FsRgETA BAHOR F5 2jo]
7F VR THX 05).

HRmaxE #4323} EC FoolMes ARSA180.62+8.38
beat/min) ©]& AREZ4(183.96+9.10beat/min)ol A 7}l Adko]
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. et 0706
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B4 A3 BC FelAE ARIZA(130.55+12.28]/min)
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™, EN oA S7FIAT ool mE AFR AA]o wE A
sAL A FAHCE gt xfol7t YA $3tT

Time 43 sk BC AHIAE A0SH(735.28564 645e0
o3 AFZHEI2TT 522904 S7FsHe Ago] eRom, EN
AN T S7IstATE old wWE AFR Ax|d wE 2§
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A= QI A 9S4 AelE7IRIpro-inflammatory) 3 C-HE-A
@l (C-reactive proteins) s~=°] #4~(Corbi, Carbone, Ziccard,
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Varkaneh, Gorjipour, & Esmaillzadeh, 2020), 1A eke] 72 o]
oA Qled A Hhet A¥H A7 71 EHEjaz, Wu, Kwan,
& Meydani, 2009; Weisberg et al, 2008) %} opz} 7| ZthAHE-
g Al ETRIS BES FTMA AT AN F S
T3FTHAlappat, & Awad, 2010).

2 AFdA A7 AFY AFH FJHEO, A48 dx o
EN), A& AFY A3 JDRO, A4 di= JDRN)S] 242

11
AL, A2 AARES] A9 3 9 g o) Wskge E4%

+5e AEH R YT 75 A E(macrophage) E wlol
Az Zeolmicroglia) AEe] Aoz QI3 AFAA} F7HEH
(Nathan, 2002), vlelaz2ejo} A2 74 A5 Whe Al
2]2-8{antigen presentation), th2]2+-&{(phagocytosis), Ato]E7IRI
(cytokine) ¢ #Hl 98S& k= Ao=Z dwA SltiVilhardt,
2005).

ol
Rigek:

8y
< wi=de] BHlgel wey & 22N ¥ %‘%9; el
54 A& 7RIS FTIE olold Ax @FNHEE frEshe
o2 <A okBanzet, Sanchez, Chapot, Bigard, Vaulont,
Koulmann, 2012, Pedersen, Steensberg, & Schjerling, 2001).

B AqollA 537k T 71t B¢ AR AHER) EC e
3} RC Aol e U] TNF-«, EC FolA9] IL-6 H3lollA F
ARSE fodt Aol7t Uehd Z1& g1 + gllom, TNF-
a, IL-698) F5AgaA ol FAZHOE FOIgH Afo|7b el
E3k EC el Ko et 3t Mglgo e SAXHCE
O3k Zto]7} VhERTE,

7oA FEI ORI I3 Y delloA dAF
3 AlEZIRIQI TNF-¢, IL-6 59 EHIE -89 oH(Yue et
al, 2010), #AFHo] AZke] thaA|Zell A LPS(lipopolysaccharide)ol
off] fr=" MNF-¢9 XS Z2aAFT BusiSitiChan,
1995). olelgt A= ARl HAEFA Al E7IRIS #4

g zAPTe DA AT B 4 o

el

3, Alst AEH|AQ B3}

AFRI] 43} 75 4kl 2E# 2o WE 259 AEA
F ool a3 9 2 A ool a3t Qe ACE HuHn
ATHTipbunjong, Sookbangnop, Ajavakom, Suksamrarn, Kitiyanant,
& Pholpramool, 2018). =3 thEASl AFwe] T5oz ALk

4 A7 5(free radical scavengen)3} a8l EFo] RyuEyw 9tk

72l MEPt 25 ol 2

(Strimpakos & Sharma, 2008).

SODE 4k frEl7]9] A WA APERE s}t Fols it
kiR ke a3 S AARA ARd kEEHE iR
7o AzolA sPo71zks sk ZloE HuEHI St
(Tipbunjong et 2, 2018). &5 43 A FIsEd Aol 5718k
of Ax 4kl 2EY AR QA &8 4o ¢ 9lonE &%
SE| 3Fo] TR a3 YFES mAA "ok B A+ 2
I 577k F /I ¢ AFR AFH $ EC Hde] W
st A FAHOE Folg Abo|7F YERSITE
MDAE &% Al A Ul 2AEE AT Axeks 348

B3P ato] absbE o 24 IkakskA|A(lipid peroxidation) 2
A Ak olu) AE W WEZCgole] Aha Heto] 744E
T2 FPPoEN AEEre Ak B4t 787] 7150l
E3EH, Az W 52471 89 £o08 fEEHE AEFHY W3l
= Qg s5hstyt doldoEn ol AA ISl SR
2 MDAZ} A= H(Urso & Clarkson, 2003), o] Alxzete] 12z
o} 7155 WAAA A A ojuA] EckHalliwell, 1994).

B AT AdeA 53] E I w AFN AH £ F
AR ORE Fol Apo|7F YEh4A] 3kth

GPXe A d3ibel Hke-S dodl=t o 8% a4 It
SlrAE BE, SFEARS SPO|EEHSAIER IlEe S
Zufjah= 93-S dthPowers & Lennon, 1999). o]+ AE ) thiol
3} GR(Glutathione Reduced)ol]l 2J3f o] Fojxw FFERAL9] &
A fAE AT F8 9EE sk F4E 49A driFlohe,
1982; Sen et al, 1992). & AgrollA S5xke] F& 7|3t 5 AHF
7 A4H $ EC Jue A W) wislolA BARCE frofgt Aol
7F YERsiT

o83t Axk= Chang et al2000)¢} Shin et al(2008)2] &0l
AT 0] SPMAE AAAA GPX, SOD 5 tstss &
THZ & At ATFES YAEITE &5 AL Al Az
BxspAihihy A wkgo] ER1HoEN HF AHER]
MDA7} Z7FstAl FoEM, AlaEute] wolrh dojuA] EHed, £
AT A MDAE EC HeollA] HamE Aeks Hola glof
AT i o] A4t HHS-E JAste] kst T

T} e Ao 4= 4 gk

E 2
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Tho g ZATE &4 9 s il 9% Ulﬂﬂl 2=

AYATolr Fe GAES thdoz AFY 4H F 1479
5 F ABIREH 2T} SR8 8% dalslaase] o
AaEor 5ol o AStiEd s AR AFRY &7E

A1 8Ha Tt Takahashi et al, 2014).

ol A+ A= ¥ /NS HHo=
Al AT A7 28 el FAAR0 EE vE AoE 4=
k.

B ApAzelA 30° fsec FE] AAY 2 F2HelA EC ¥
RC Hete] Ak ) wsle] ol &, 90° [sec 32 Adg 4
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ogton} EC ¥ RC Hete] Aot ) H3le] Z7he 7k A3
7ol Axs S 4 Qlda B 4 9l

5 X7 59| REerdsy wl

AT F59] A FE 44 7182 Ald7)s Bt oy
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B Sy W3 By Zé.%@ HolREHAE 71830

2 ANE dojrl = A3, Ao, 9
Y, SBALAT 58 EYE 3—%#63%@1 H3lE Ak
A Efold T2 TS 9% SAZ ZEEHeoyle,
1995).

57ke] £¥ & Bl
3k zjo|7} Yehgth &
Z [L-69F TNF-¢ © Zj
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A Vo2max, TimeollA BAZ 2 F9
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rﬁ =2

AT Aol WE 2 75 wdsYd B3 APAF A
Vitadello et al2014)2 A% 65% sEED(rade ol8st] 109
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T3k Franceschi et al.(2016)2 654 o) 7173k =91
E PN AR AR F 48 2B 9 25 7H**°ﬂ v«l
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273, 0]718(2020). E35 2 S EF HF7} vlTEsA)e)
A73AE, AdRAE APl FUE vAs ¥ &
S33}, 29(1), 60-70.

A71712016). vlEkESY] ¥
34(D), 19-27.

A%, ©1RAQ2017). A7z Ak 25 AR 50 AlA
T4, A 2 dF AL Elel HXE 9
A57H3t5]A, 26(0), 1075—1085

A%, ©1714(2016). Ak &5 A 50| EF d-ROM,
BAP, 24t gl 2232 w5 vX= YT I=A S5}
3], 25(5), 1089-1098.

kgl F54k PYH201D. 53 B7 A& Pegasts.

o 54, tfekaz xR,



AR, AFR2015). Al IFAY g gl - F71d B
A A Ae 2 BEbeole] B AF Joumal of
nutrition and health, 484), 352-363.

Alappat, L., Awad, A. B.(2010). Curcumin and obesity: evidence and
mechanisms. Nufrition reviews, 6812), 729-738.

Banzet, S., Sanchez, H., Chapot, R., Bigard, X, Vaulont, S., &
Koulmann, N.(2012). Interleukin-6 contributes to hepcidin
mRNA increase in response to exercise. Cyiokine, 582),
158-161.

Bouchard, C., Blair, S. N., Church, T. S., Eamest, C. P., Hagberg, J.
M., Hakkinen, K., Jenkins, N. T., Karavirta, L., Kraus, W.
E., Leon, A. S., Rao, D. C,, Sarzynski, M. A., Skinner, J. S.,
Slentz, C. A., & Rankinen, T.(2012). Adverse metabolic
response to regular exercise: is it a rare or common
occurrence?. PloS one, A5), e37887.

Braakhuis, A. J, & Hopkins, W. G.(2015). Impact of dietary
antioxidants on sport performance: a review. Sports
Medicine, 457), 939-955.

Campbell, M. S, & Fleenor, B. S.(2018). The emerging role of
curcumin for improving vascular dysfunction: A review.
Critical reviews in food scence and nutrition, 5&16),
2790-2799.

Chan, M. M. Y.(1995). Inhibition of tumor necrosis factor by
curcumin, a phytochemical. Biochemical pharmacology,
4911, 1551-1556.

Chang, S. P, Chen, Y. H,, Chang, W. C, Liu, L M, & Cheng, J.
T.(2004). Increase of anti-oxidation by exercise in the liver
of obese Zucker rats. Clmical and experimental
pharmacology & physiology, 3X8), 506-511.

Chen, G. Y., & Nufiez, G.(2010). Sterile inflammation: sensing and
reacting to damage. Nafure Reviews Immunology, 1012),
826-837.

Close, G. L., Ashton, T., McArde, A., & Maclaren, D. P.(2005). The
emerging role of free radicals in delayed onset muscle
soreness and  contraction-induced muscle  injury.
Comparative  Bochemistry —and — Physiology  Part  A:
Molecular & Integrative Physiology, 1443), 257-266.

Corbi, G. M., Carbone, S., Ziccardi, P., Giugliano, G., Marfella, R.,
Nappo, F., Paolisso, G., Esposito, K., Giugliano, D.(2002).
FFAs and QT intervals in obese women with visceral
adiposity: effects of sustained weight loss over 1 year. 7he
Joumal of Clinical Endocrinology & Metabolism, 875),
2080-2083.

Coyle, E. F.(1995). Integration of the physiological factors
determining endurance performance ability. Exercise and
sport sciences reviews, 23, 25-63.

72l MEPt 25 ol 2

Duboais, R. N.(2015). The Jeremiah Metzger Lecture: Inflammation,
immune modulators, and chronic disease. 7ransactions of
the American Clinical and Climatological Association, 126,
230.

Ejaz, A, Wu, D., Kwan, P., & Meydani, M.(2009). Curcumin inhibits
adipogenesis in 3T3-L1 adipocytes and angiogenesis and
obesity in C57/BL mice. The Journal of nutrition, 1395),
919-925.

Erdman, KA., Fung, T. S., Doyle-Baker, P. K., Verhoef, M. ], &
Reimer, R. A(2007). Dietary supplementation of
high-performance Canadian athletes by age and gender.
Clinical Journal of Sport Medicine, 176), 458-464.

Flohe, L.(1982). Glutathione peroxidase brought into focus. Free
radicals in biology, 5, 223-253.

Fontes, F. L., Pinheiro, D. M. L., de Oliveira, A. H. S., de Medeiros
Oliveira, R. K., Lajus, T. B. P., & Agnez-Lima, L. F.(2015).
Role of DNA repair in host immune response and
inflammation. Mutation Research/Reviews in  Mutation
Research, 763, 246-257.

Franceschi, F., Feregalli, B., Togni, S., Comnelli, U., Giacomelli, L.,
Eggenhoffner, R., & Belcaro, G.(2016). A novel
phospholipid delivery system of curcumin (Meriva (R))
preserves muscular mass in healthy aging subjects. Eur
Rev Med Pharmacol S, 204), 762-766.

Frank, L. D., Schmid, T. L., Sallis, J. F., Chapman, J., & Saelens, B.
E.(2005). Linking objectively measured physical activity
with objectively measured urban form: findings from
SMARTRAQ. American journal of preventive medicire,
282), 117-125.

Glund, S., Deshmukh, A., Long, Y. C., Moller, T., Koistinen, H. A,
Caidahl, K., Zierath, J. R., & Krook, A.(2007). Interleukin-6
directly increases glucose metabolism in resting human
skeletal muscle. Diabetes, 566), 1630-1637.

Gomez-Cabrera, M. C., Salvador-Pascual, A., Cabo, H., Ferrando, B,
& Vifia, J.(2015). Redox modulation of mitochondriogenesis
in exercise. Does antioxidant supplementation blunt the
benefits of exercise training?. Free radical biolagy and
medicine, 86, 37-46.

Halliwell, B.(1994). Free radicals, antioxidants, and human disease:
curiosity, cause, or consequence?. 7The lancet, 3448924),
721-724.

Hamidie, R. D. R., Yamada, T., Ishizawa, R., Saito, Y., & Masuda,
K.(2015). Curcumin treatment enhances the effect of
exercise on mitochondrial biogenesis in skeletal muscle by
increasing CAMP levels. Metabolism, 6410), 1334-1347.

Hewlings, S., & Kalman, D.(2017). Curcumin: a review of its’

E UFHIS, M AERA 22PN 9 2E530)| 0jRl= St 341



effects on human health. Foods, £10), 92.

Kang, H. J, Lee, S. H, Price, J. E., & Kim, L. S.(2009). Curcumin
suppresses the paclitaxelinduced nuclear factor- xB in
breast cancer cells and potentiates the growth inhibitory
effect of paclitaxel in a breast cancer nude mice model.
The breast journal, 153), 223-229.

Karimian, M. S., Pirro, M., Majeed, M., & Sahebkar, A.(2017).
Curcumin - as a natural regulator of monocyte
chemoattractant protein-1. Cyfokine & growth factor
reviews, 33, 55-63.

Kim, J, Lee, N, Kim, E. J.,, Ki, S. K, Yoon, J.,, & Lee, M. S.(2010).
Anti-doping  education and dietary supplementation
practice in Korean elite university athletes. Mutrition
research and practice, 44), 349-356.

Maltais, M. L., Ladouceur, J. P., & Dionne, 1. J.(2016). The effect of
resistance training and different sources of postexercise
protein supplementation on muscle mass and physical
capacity in sarcopenic elderly men. Journal of strength
and conditioning research, 306), 1680-1687.

Mann, S., Beedie, C, & Jimenez, A.(2014). Differential effects of
aerobic exercise, resistance training and combined exercise
modalities on cholesterol and the lipid profile: review,
synthesis and recommendations. Sports medicine, 442),
211-221.

Mousavi, S. M., Milajerdi, A., Varkaneh, H. K., Gorjipour, M. M., &
Esmaillzadeh, A.(2020). The effects of curcumin
supplementation on body weight, body mass index and
waist circumference: a  systematic  review  and
dose-response  meta-analysis of randomized controlled
trials. Critical reviews in food science and nutrition, 601),
171-180.

Nathan, C.(2002). Points of control in inflammation. ANature,
4206917), 846-852.

Nicol, L. M,, Rowlands, D. S., Fazakerly, R., & Kellett, J.(2015).

Curcumin supplementation likely attenuates delayed onset

muscle soreness (DOMS). European journal of applied

physiology, 1158), 1769-1777.

Y., Kianpour, P., Mohtashami, R., Jafar, R,

Simental-Mendia, L. E., & Sahebkar, A.(2017). Efficacy and

safety of phytosomal curcumin in non-alcoholic fatty liver

disease: a randomized controlled trial. Dryg research,

6404), 244-251.

Petersen, A. M. W., & Pedersen, B. K.(2005). The anti-inflammatory
effect of exercise. Journal of applied physiolgy, 984,
1154-1162.

Pedersen, B. K., Steensberg, A., & Schjerling, P.(2001). Muscle-

Panahi,

342 Sport Science 2022. 40(3)

derived interleukin6: possible biological effects. 7he
Journal of physiology, 5362), 329-337.

Powers, S. K., & Lennon, S. L.(1999). Analysis of cellular responses
to free radicals: focus on exercise and skeletal muscle.
Proceedings of the Nutrition Society, 584), 1025-1033.

Powers, S. K, Radak, Z, & Ji, L. L.2016). Exerciseinduced
oxidative stress: past, present and future. The Journal of
physiology, 59418), 5081-5092.

Sahebkar, A., Serban, M. C,, Ursoniu, S., & Banach, M.(2015). Effect
of curcuminoids on oxidative stress: A systematic review
and meta-analysis of randomized controlled trials. Journal
of functional foods, 18, 898-909.

Sen, C. K, Marin, E. I. N. E., Kretzschmar, M. . C. H A E L, &
Hanninen, O. S. M. 0.(1992). Skeletal muscle and liver
glutathione homeostasis in response to training, exercise,
and immobilization. Journal of Applied Physiology, 734),
1265-1272.

Shin, Y. A, Lee, J. H, Song, W., & Jun, T. W.(2008). Exercise
training improves the antioxidant enzyme activity with no
changes of telomere length. Mechanisms of ageing and
development, 1295), 254-260.

Strimpakos, A. S., & Sharma, R. A.(2008). Curcumin: preventive and
therapeutic properties in laboratory studies and clinical
trials. Antioxidants & redbx signaling, 103), 511-546.

Sundgot-Borgen, J., Berglund, B, & Torstveit, M K.(2003).
Nutritional supplements in Norwegian elite athletes—
impact of international ranking and advisors. Scandinavian
Journal of medicine & science in sports, 132), 138-144.

Takahashi, M., Suzuki, K., Kim, H. K., Otsuka, Y., Imaizumi, A.,
Miyashita, M., & Sakamoto, S.(2014). Effects of curcumin
supplementation on exercise-induced oxidative stress in
humans. lnternational journal of sports medicine, 3306),
469-475.

Tian, H. H, Ong, W. S., & Tan, C. L.(2009). Nutritional supplement
use among university athletes in Singapore. Singapore
Medical Journal, 502), 165.

Tipbunjong, C., Sookbangnop, P., Ajavakom, V., Suksamramn, A.,
Kitiyanant, Y., & Pholpramool, C.(2018). Synthetic
curcuminoid analogues abrogate oxidationinduced cell
death and promote myogenic differentiation of C2C12
mouse myoblasts. Trgpical Journal of Pharmaceutical
Research, 178), 1483-1489.

Tunstall, R. G, Sharma, R. A, Perkins, S., Sale, S., Singh, R,
Farmer, P. B, Steward, W. P., & Gescher, A. J.(2006).
Cyclooxygenase-2 expression and oxidative DNA adducts in
murine intestinal adenomas: modification by dietary



curcumin and implications for clinical trials. European Journal of D., & Gorza, L.(2014). Curcumin counteracts loss of force

Cancer, 443), 415-421. and atrophy of hindlimb unloaded rat soleus by hampering
Urso, M. L., & Clarkson, P. M.(2003). Oxidative stress, exercise, and neuronal nitric  oxide synthase untethering from

antioxidant supplementation. 7oxicology, 1841-2), 41-54. sarcolemma. 7he Jourmal of  physiology, 59412),
Vallabhapurapu, S., & Karin, M.(2009). Regulation and function of 2637-2652.

NF-xB transcription factors in the immune system. Yue, G. G, Chan, B. C,, Hon, P. M, Kennelly, E. J., Yeung, S. K.,

Annual review of immunology, 27, 693-733. Cassileth, B. R., Fung, K. P, Leung, P. C, & Lau, C
Vilhardt, F.(2005). Microglia: phagocyte and glia cell. 7he B.(2010). Immunostimulatory activities of polysaccharide

International journal of biochemistry & cell biolggy, 3AD), extract isolated from Curcuma longa. Infernational journal

17-21. of biological macromolecules, 4%3), 342-347.

Vitadello, M., Germinario, E., Ravara, B., Libera, L. D., Danieli-Betto,

=R 1 21031 =EaMY 0 2117 PARIEY 1 221206

Zire] MEPDH2E el ME BE GBS, M AERA, 2PN Y 2S8R0 0jXl= Sut 343



