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ABSTRACT

Yerba mate, traditionally consumed as a tea, is recognized for its antioxidant, anti-diabetic,
and anti-inflammatory activities. Mate tea residue is expected to be a functional material because
of the retention of significant components after tea extraction. This study assessed the antioxidant
activities of mate tea residue extracts (MTR) and the possibility of manufacturing sausage using
chicken marinated with MTR. The antioxidant capacity of MTR was confirmed by examining
total polyphenol and flavonoid contents, DPPH and ABTS radical scavenging activities, SOD-like
activity, and reducing power. Antioxidant activities, including the total polyphenol contents, radical
scavenging activities, and the reducing power of chicken marinated with MTR, increased until
four hours of marination, but the radical scavenging activities decreased after the marination
of eight hours. The cooking yield and colors of the sausages using chicken marinated with MTR
had no significant difference in marinating times. The pH of marinated chicken decreased, but
the sugar content and salinity increased as the marination time increased. The hardness, gumminess,
and chewiness of the sausages also increased. Conclusively, MTR have excellent antioxidant
effects and can be used to improve the physiological activity of chicken meat without reducing
the quality through marination.
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I. A&

ute|(/lex paraguariensis= T2 gU]oA
A2 AFEo] o 20164 7|5 BEepdoATt
300,000 o A=l 3 (Beatriz et al. 2018)
UM e AFE AH|EE AlFo|t SRR
atE|REe] M| F7h= 2 AR & HAEE AE
H7]E<1 vhE|RpEke] F7h= o]ofA|w o]gt 4]
F MR giFE WlEAY 2750 &5
o] lo] HERE o]F 97| 3t AF FAE
AARE Heke] HAjo] o]fojx] 1L QItHKondo et
al. 2004). E9¥= RMHE2 A4 A8 o
ARl sl JEow ATA glow mlEox
il EgELolE 5o] FiEol(Gawron-
Gzella et al. 2021) Y& Aoz IHATH
Berte et al.(2011)2 ulE] F&E9] dAtst &4
o] f=poirfal Hstglom 1 A|HbAlo] FHofA|
S 1357 A3AX 2 SEde) 7i2H Y
3= AaAA A7l Fofet 2t vkl Bl
F QK Matsumoto et al. 2009).
o|FA &8t 7154 71 nHEl= AE 1
iEe] ZQlo] Al FH7IEE M A= 2t
21 g2 v R = v o) 243t 715
“go] golgl % AdS dA HAS 5= Atk ol

mlm ol

o]

3 A79 ggko njE|RpEte] sl o
o} SsISim o ok 22%o] DPPH
5 ABTS i 274 B4E /M0 7154 A%

oz I#A 7MY} Ryl 5 terpenesE &
S5k okl B EAcHGullon et al. 2018).
S| o] ]of] uE|RpEke] 7]5/dE SRIg A
= A9 BHiEX] oo} 7154 A5l Bag 4
“golct.

Ha719 &2 7haRe AMS PSS

u Aol 23

ghgol =2 E42 7HAH ¥4 olF =

(Przybylski et al. 2021). ESt At} Au[EFo]
B n A AEet SFE Gt 23kolA ’}3
F= on 53] AHRRO] Holo| 24& W

& |7FAIES] /o] golste] 1 487t 57t
3k QltiMarangon et al. 2015). S73AIE
Az Al AGAREE WAIste] F42 FAI5H7] 9
3} butylated hydroxy toluene (BHT), butylted
hydroxy anisole (BHA) 5§ 34 AISHAIE A
7kskar Qlom, FTol= T4 P49 =400
gt AHALe] L2 HA FASHAIE ARSI
2 ok A7t APEIL JrHHyun et al
2019). olof Wt F17|E ARERE AAA[O] HA
FAEH 715 7H AlE ARE F7IE A=
B3 B2k A7 GAA]A(Choe et al. 2019), A
F AN ZA7F EAAA(Kim et al. 2022) 59 A+
7F Ra =itk §a719] 7H8 Al AR AmE A
7¥ol= W ol JAE Bl /an ‘dwt
FHE S7HE 5 Sl A FEEC] A
Sff A2t AU Z A AR EAdo] F71RE A

T7F B EJeHKim & Han 2024).
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1. M=
ol EQ4F AzulE|(Ge] - RS T
jslo] A& A% 9T AR 37.5 g/Lo

TERE 75°CY AFollA 2.58%F &S] Az
Sielth. & A2 & A2 AAH mhERERE 55°C
oA 1243FEt EFAX(ZFD-C301, Zaigle,
Seoul, Korea) & Hubslslo] ARLsIIT) ulE|
AE 2552 vhERERY] 108 £ SRS
7Hl #= &M 3087 71285t whatman
No.1 o3#2|(Whatman, Maidstone, UK)Z &
EE3lo] 0.1 g/mLe] &g A|ZR5}ch

2. DERE FE22 & F5127| & FE55 MX

¥ 9M(Hangangfood, Hwaseong, Korea)

= AlFolA Fojgt & 2 x 3 cm®E Ze} vhER}

gF FE=0] 12(W:V)2 Hl&Z 2, 4, 6, 8, 124]

7F AR AE AA 1ARRFESE 25 &

0.05 Torr, -80°COllA 24*]7}59_} %@Zﬂ}_
)

Rt 517] —E—‘Q-J IOHH 19l 80% ethanol
= &= Sto 1584 39 ¥Hg 23T
(DH.WUC.A03H, DAIHAN SCIENTIFIC, Wonju,
Korea)st¥itt ©17] #EE2 0.45 pm PES
syringe fiterg AMEs LE|Fsto] F4ikst B4
37} ARESHAT

==
T

3. DX =22 TX| F17| 88 MK HZE

uERREE FEE0 MR Ha7|1E &85t
DARAE ARSI oA &80 A
A gElRt §a71(97 gl aa(1.6 g,
Youngjin green food, Seoul, Korea), &3
(0.3 g, Daesang, Seoul, Korea), d%(1.1 g,
CJ Cheiljedang, Seoul, Korea)2 Y1 187t

HAPE ST 2ARIS] EH S Sitet 240l Dixl= g 609

Ald 9 &3l AAJA] HE

& ARSI &4

A& A4 18 mm9 cellulose A°JAES ARES

o] 4 cm9] Zol7}t HERE 9.7 g W= A
19 B HAR Bk AT AR E 75°C

ol 2087F 7FESE & ice bathojA] 1587F 4
Z}5H3iTE o]F 180°CY] QB4 10&7t &5t
o] AARE AXSHAT

g 4 = pH meter(pH-200L, Istek,
Seoul, Korea), %"Elﬂ(N—lE Brix 0-32%, Atago,
Tokyo, Japan), @E=A(ES-421, Atago)E AR
sto] skt 28 &2 viEAMH FE5E0
ARG Ha71E EE5to] AR AR 2&
Z8 A & FHOE ol Al A&t UE
i3tk

zZ2] $£E&%)=1-{(a-b)/a} x 100
ar 2414 28 A FA(g), b A1 27
‘r‘7ﬂ(g)

o

A= upEREE 2550 AR gaVE
&oto] Axg 2A1R9] @9 Y= SHSIA
ot EE WAEHI*=99.35. a*=-0.15, b*=-0.07)
o7 WS AMAA(CM-700d, Konica Minolta,
Tokyo, Japan)g& AR&dll L*3k(Lightness), a*gt
(redness), b*Ziyellowness)= Z7J513L}. Texture
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speed 1.0 mm/s, post test speed 1.0 mm/s,
distance 5.0 mm, time 5.0 s, trigger force
5.0 g= AAstAth. A7 45 mmo] 99 probe
£ AR89 texture analyzer(TA-XT2 express,
Stable system Ltd., Godalming, UK)Z A%
(Hardness), A%(Gumminess), A34(Chewness)
= 3745kt

5. 5 Z2ilis Y Z2iEi-0lc 3y

[=) oo

% Zd49E 2 Singleton et al.(1999)9]
wHo] wak 24513} 2% Sodium carbonate
5 mLe} uHERE 255 B vlEHAE 255
AA] g7l FEE 50 ple ot 28 &
50% Folin-ciocalteu’s reagent 50 L& &7}
3t T 204 3087t BRAIFEY. EEEE
Ferulic acidg AR&sto] 2 A9yt 22 Wy
2 A 750 nmolA FBEE A5
Z89E gF2 mg Ferulic acid equivalent
(FAE)/go =2 Aitsloitt.

& EErolE T2 DavistlZ HP 5]
ZAotdth(Davis, 1947. Birasuren et al.
2013). RN FEE FEE 0.1 mly
diethylene glycol 1 mL, 1 N NaOH 0.1 mL&
&5}5to] 37°C shaking incubatorolA 1A17Fs
QF RESAIATE EEEZ2 Querceting ARES]
Rom 22 o g s 420 nmolA &%

=2 2459t & ZehEols S mg

flo

o

oh

)

Quercetin equivalent antioxidant capacity

(QEAC)/go& AKktstoirt.

6. DPPH 2! ABTS 2|zt AH &4
DPPH(2,2-Diphenyl-1-picrylhydrazyl) &}
gz &AA5E Brand-Williams et al.(1995)9]

e WYt} st e 258 ©

= "R 255 A §a] 258 0.1 ml
3} 0.004% DPPH in methanol 1 mL& &9
3027t oA HHSAIRT TroloxE EE=4d
& ARgsto] 22 WRe s S46) 517 nmoilAl
=S =759tk DPPH radical &4 &4
2 mg Trolox equivalent antioxidant capacity
(TEAC)/g= Alitstoitt.
ABTS(2,2'-azinobis(3-ethylbenzothiazolin
e-6-sulfonic acid)) & 2745 Fellegrini
5(1999)9] el wet stk 7 mM
ABTS 5 mLe} 140 mM potassium persulfate
88 uLE SR & 12~16A17FESE bAoA
A3l ABTS o]0 FAHHESF sIth. 734
nmoA E4%=7}F 0.7 £ 0.0027F HE=F 2485}t
o] ABTS solutione A|Zsttt. nteEApEE =&

= B HERRE FEE A §a7] FE+ 0.1
mL2} ABTS solution 2 mLE 2.587F ¥H-&AIA

734 nmoA =S 4519 Troloxs #
FEHE ARESt] 2 o =E Adsielen
ABTS radical &4 &A& mg TEAC/gl& 4
A9,

Y 242 Oyaizu(1986)2] H'HS W5}
of S4sItt. nEA 255 9 IA 5|
FZE 50 pL® 0.2M sodium phosphate
buffer(pH 6.6) 250 wxL, 1% potassium
ferricyanide 25 pLE &%d 50°C shaking
incubatorollA] 2081t ¥REAIFETE 1 & 10%
trichloroacetic acid 1.25 mLE 7}l 1000
xgollA 1027t LAt A45H 100 xL
9} B9 Z8 1% ferric chloride 20 ulLS
E&olgtt. EEEARE troloxE AMHESHY 2
o

% 382 mg Trolox



equivalent reducing power(TERP)/g22 AAt
skl

8. SOD {AId

SOD FARH £74-2 Marklund & Marklund
(1974)9) whdol wet Z73skieh. Tris-HCl
buffers= 50 mM Tris-HCI¥} 10 mM EDTA
(ethylenediaminetetraacetic acid)® pH 8.0
o] H== A|Xsttt. uhE|RbEt F&E 20 pLe}
Tris-HCl buffer 300 L2} 7.2 mM pyrogallol
20 pLE &9 25°C shaking incubatorofA]
1082t ¥E3A17TE 0.1 N HCI 100 pLE 7Fsf
lesa T 420 nmoA EL=E &H
St¥. di&27= pyrogallol B4l 74 0.1

LE #7Fsto] 453tk SOD AR 1t
BIRpEE 255 JA7HeF BV S8 E Ao
£ HEEWE HERSIH.

AR

m

SOD fARd(%)={1-(A-B)/C}x 100

A aHERE 2E5E A7 §8 %

B : Pyrogallol th4l 75 7 di2+9
e

R

=

@]

2ol S

A5

A= 33] HRESE 3HS SPSS
28.00BM, Armonk, NY, USA)S AF&5to] &4
B39tk ANOVA 248 53 H+ + E5H

(O8]

HAPE S| 2AR0] 2 St

Ast 20f| ORf= F& 611
A2 YeRdoH, 99 2 0.05914 Duncan's
multiple range testZ A% FH&Eslo] A9 2}
7o) FoldE SISkt

=

e

m 23 4 3
1. OHEIRIE FE329| eitat
ole|xpEE 2559 71543

EHls TF 4,772.73 +

EH 0|t FFE 579494 +

QE/golglon et &4 F =tz &

=745k DPPH =tz @¥& 3.437.02

68.21 mg TEAC/g, ABTS =tz HiH

651.14 + 53.57 mg TEAC/g9] &< Brt.

E3SH 1,815.73 + 165.03 mg TERP/g E-L33}

2937 + 1.36% SOD QAR 7h4 mpelhat

FEE0| S S YEhdS skt Bt

Holl&= ferulic acid, caffeoyl derivatives,

caffeic acid 59| Z2¥&3 rutin 59 ZH

Lo|l=7} -850 QtkBizzotto et al. 2012).

o= AHA

rlo

71 % caffeoylquinic acid?} 50%
st o] gEA|IQl
chlorogenic acid, 4-O-caffeoylquinic acid
5o] ghq=o] tta g FHtHPrado Martin et
al. 2013). E3t ve] 252 catalase A &
233}t ascorbic acid2th &2 DPPH =z &

A< 7Rt R AtHBerte et al. 2011).
ARt AEH AL TS §RSA AR O

3-O-caffeoylquinic acid,

Table 1. Functional properties of hot water extract of Mate tea residue (MTR)

TpCD
(mg FAE/g)

TEC
(mg QF/g)

Features

DPPH
(mg TEAC/g)

ABTS
(mg TEAC/g)

RP

(mg TERP/g) SOD (%)

MTR 477273 +

163257 57794.94 + 129.17 3,437.02 + 68.21 651.14 + 53.57 1,815.73 +

165.03 2937 + 1.36

DTPC, total polyphenol contents; TFC, total flavonoid contents; ABTS, ABTS radical scavenging activity:
DPPH, DPPH radical scavenging activity; RP, reducing power; SOD, SOD-like activity.

"Mean + SD
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2 A3 o, AP i, HlRh g2 v é?—l’ Pt FARE FFE UEro] FAISHA] ¢ &
of Aol Y= v ¢ 9lor EFHs of 3717k 0.70 + 0.00%2 7V A yeptoH 4
g R AaFE AT 5 3ol EH Oﬂ 2 AR 0.20 + 0.00%2 AT F 1241774
o] Aol 840 AthZujko & Witkowska Lo FAHA. £579 A pH7F ZoH
2011). wHERHEeI= 7154 429 E2#lsd PSE(Pale, soft, exudative)%Co& FE|%=t
et wo|7k ShREo] AL TpYRt FAkSE A PSERQ] AS |79 Il EafiEo] 4
£ YEHER upEA AlxdgolA deHA & He Zately i) =4 IPgollM AE Aito]

i)

< sl 4ol IFse= Eelskt osf 1717k SfA|aL Aol Fistn] S50] A&
Hie @] Uehtes AS UetcHliu et al

2. OHEIXE =25 FX F512719| F2584 2022). @A 829] pHE 11719 22 H7}
afE| A 28-S YA RO Agste] 0~12 —a}ﬂ & A #7} Fe}. o|E i YA &
AIRE S}t AR §alrlel £4 547 pH, T 1719 pH7F S7Kt A& 1719 ERde W

2 AEZ Table 20] UL} olejaet 22

>

@ 2 9l Aow woE et A

2ol AAT FI19 phite B AAGNA U Goh LEE] AHFE UHAGPATIE
H31719 6,11 + 0.020] ¥]5) &2 pHE el 2 @guct ko} o Fopho] 43 2avt
Aot 2417 JARE FaL7lolA 6.31 + 0.02% Z 839 (Ministry of Health and Welfare,
7P A WERAL 12413 HARE Ha7] o)A 2020) 579 AA gL Bl AR Aol A A
6.16 + 0.032 WA Yeht HA] AlZko] S7Fek 7to] Z7igte] whet garv]o] 2 og Shatsr
off weh Haske e HEH I Fee HA F840] F A4S F&3M= AFE(Shi et al.

312 2 §371710.50 + 0.00°Brix2 7Fd & 2023) 9ot Ymrt PolbA g Auo] HHe
tom A 6AIZHl 0.10 £ 0.00°Brix® #4 ZAAZ 4 e Ao AtmHch
T & 12ARHA] FLsHAl FAENE. dEE

Table 2. pH, brix, and salinity of chicken marinated with hot water extract of Mate tea residue
(MTR) at six consecutive times

Chicken pH Sugar content (° Brix) Salinity (%)
cP 6.11 £ 0.029%9 0.50 + 0.00¢ 0.70 £ 0.00¢
R2 6.31 £ 0.02° 0.30 % 0.00° 0.40 % 0.00¢
R4 6.27 + 0.05° 0.20 + 0.00° 0.20 + 0.00
R6 6.20 + 0.05° 0.10 + 0.00° 0.20 + 0.00°
R8 6.20 = 0.01° 0.10 + 0.00° 0.20 + 0.00°
R12 6.16 + 0.03® 0.10 + 0.00° 0.20 + 0.00°

UC, chicken without marination; R2, chicken marinated with MTR for two hours; R4, chicken marinated
with extracts of MTR for four hours; R6, chicken marinated with MTR for six hours; RS, chicken
marinated with MTR for eight hours; R12, chicken marinated with MTR for 12 hours.

"Mean * SD (n=3).

Values with the same letter in a column are not significantly different by a Duncan’s multiple range test at

p<0.05.
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3. OHEIXIE F&8 FX| H17|9
npE| R 2E5ES AAHo g ARSIl 0~12
AZF 59 AT umﬂg] Fus BHL W
7] 95t} HAtst BT} Akt akE A5
o 1 A3 Fig. 13 g et JRoe=
< Ed¥E S S4silon IA5HA] o2
Har7lolA 9.90 £ 0.56 mg FAE/go = 7P W
Qko ™ 4A17F A A] 58.27 + 1.08 mg FAE/g

7R 71t WA} BTk A1shE Yol

SHAKS} BA

g &A 2, [AAE Aot 25 ol
3FU5H= A8 S(Chemg & Li 2004) thefst =)

7HES & Yehde o 2z oA 282
gelsty] $sted DPPH gttjzat ABTS =iz

95te] Fe'oll digh g AdS AP
DPPHE} ABTS iz &4 &4, S8 2% &
EddlE I TRIVIE A 4] S7F
SHRL HA] 4A1Zk] DPPH ozt &4 &4
392.70 + 8.70 mg TEAC/g, ABTS 2tz 4
AL 65.34 + 0.82 mg TEAC/g, 4™
54.86 + 10.99 mg TERP/g2 YERILt. o]
FASHA 42 TaL7]olA vehd gAtst azto
H]sto] DPPH 2tz &4 52 2F 154, ABTS
2 5.64, AL 3.54 IS AR
ope)apEke] MA7F Ha1719] SEE ASAId
4 98-S oI5t Havl= peptides @
Frokal Qlof

g4e 7

rlr r[o N, rlo

-tocopherol, carotenoids

O E
g &7s 9 5% ZEoE

PHS ARSSIAT 24 ol BUS Tl
(A) (B)
90 90
oo
o £ T
& 60 - < > % 60 A
oS o
27 = E
£y b 5 =
=P 30 o €5 30 A
£ 2
® i <
°
0 - 0 -
L R2 R4 R6 R8 R12 C R2 R4 Re RE RI1Z
(€ (D)
450 90
Lli)
c o w
£3 :
2z g
mow 300 4 2 60 |
U o
2w o o
S 2y
Q
B Z 150 4 2 30 -
= @
X :
a
o - (i
c R2 R4 RE RB Ri12 c R2 R4 RE RE Ri1Z
(A) Total phenolic acid contents; (B) ABTS radical scavenging activity; (C) DPPH radical scavenging
activity; (D) reducing power. C~R12: Refer to Table 2. Values with the same letter are not significantly
different by Duncan’s multiple range test at P<0.05.

Antioxidant activities of 80%
consecutive times.

Fig. 1.

ethanol extracts of chicken marinated with MTR at six
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(Sacchetti et al. 2008). FE3F ZX]of 95} ulH|
ZE0] Ha|o WRE SHitEr mE Rt
dl 22 5.0] e E2lo] Ha7] 23 YrH=Z
o5& 4 tkXue et al. 2020; Shi et al
2023). whEhA ARG ‘51’17]94 i &4 57t
ok Bol} g apal 22E.0] §Aks} EH4o]
7195k Zolet Abr e, A AlZto] F71et
o =t §av] 2 o= g 4ol IF7L
7k ol= 4A1710lA Fdi7E He AS 22
Itk & Eeusd tRVHAR S8 E 44
]'77]'74 T4t} @40l S7IRE & 12A177H4] /-9
b ZolE YehiA] ekgtout DPPHS ABTS 2
F 4SS 8AIZE WA A eIk Baste
A0 et H31S) #9147 35
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A 7154 A
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G-gsto] Ax3 LA 9] FE B0 R 27
:%, Al texture profile& &Aoo =
€3} M= Table 39, texture profile2 Fig.
20 YetHGlt. 28] &2 JASHA] 242 §1L
715 ARERE AR HiE] 8AIZE JAIRE BTl E
ARESE AAAZHA] FoJH|et ZfolE YERA] oF
Ao 12A17F ARt HAL7|E ARESE AT
A FoEsHA A vebdth 28 &2 29
% S04 EdEE 2400 o 2HEHH =2
2] SEL wwge) WS Fush] Bt A
Z85go] 2opbd 4= ltHPathare &

AR HAV1E

il

S WES|
Roskilly 2016). w=bA 12A4]17F
83 AR 9 R} upERpERY] HER

S50 AL Hojwa AR 2] oA

gRol Aol A5We Ao werErt
PEg Uehis gt AHES tehis ot
o

1718 A3 2404 )
cpelaIe] 3405 ol Pasiont 34
Azl e Gofet Folis ekt Q3gkeh Eat
FAEE el brghe AA0] e folue
Aolg HolA| gigket. WA A7ko] whE Mzl
SOJ5t o]z} LrehA] ggronz A9} H

Table 3. Cooking loss and color values of the sausages using chicken marinated with MTR at six

consecutive times

Sausages Cooking yield L* values a* values b* values
cv 67.25 + 0.86°Y 79.33 * 1.25 + 0.56 17.60 + 0.71°
RS2 64.43 + 0.48%° 71.31 £ 0.21 £ 0.23* 15.86 + 0.87¢
RS4 59.77 + 7.59% 76.50 + -0.03 £ 0.27° 16.97 + 1.03°
RS6 62.40 + 5.93% 71.48 + -0.01 £ 0.10° 17.18 + 0.48°
RS8 61.94 + 7.63% 73.18 + 0.94% -0.02 + 0.14° 17.54 + 0.70°
RS12 54.38 £ 4.11* 72.32 =+ -0.01 £ 0.18° 16.85 + 0.43°

UC, sausage using chicken without marination; RS2, sausage using chicken marinated with MTR for two
hours; RS4, sausage using chicken marinated with MTR for four hours; RS6, sausage using chicken
marinated with MTR for six hours; RS8, sausage using chicken marinated with MTR for eight hours;
RS12, sausage using chicken marinated with MTR for 12 hours.

"Mean + SD (n=3).

9Values with the same letter are not significantly different by Duncan's multiple range test at p<0.05.
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