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Study of tea extraction conditions on antioxidant activity and total phenolic content

for ready-to-drink mulberry leaf and fruit tea product development
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Abstract

The objective of this project is to develop mulberry (Morus alba L.) leaf and fruit teas, which cultivated in Lopburi
Province, by optimizing the preparing conditions for ready-to-drink mulberry teas with health benefits. The study determined the
effects of extraction time and temperature on the antioxidant activity, and total phenolic content of mulberry leaf tea, mulberry fruit
tea, and a blended drink containing both mulberry leaf and fruit teas. The results indicated that the optimal conditions were
100£0.50 °C for 3 minutes for mulberry leaf tea, and 100+0.50°C for 10 minutes for mulberry fruit tea. The antioxidant activity of
mulberry leaf tea, which measured using the DPPH and ABTS methods, was 273.53+1.96AAE/g tea and 15.18+0.11TEAC/g tea,
respectively, with a total phenolic content of 183.69+1.52GAE/g tea. The antioxidant activity of mulberry fruit tea (100+0.50°C, 10
minutes) was 256.71+1.25AAE/g tea and 11.57+0.34TEAC/g tea, with a total phenolic content of 98.18+2.86GAE/g tea. Therefore,
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these tea extraction conditions were used to prepare ready-to-drink mulberry leaf tea, mulberry fruit tea, and a blended mulberry
leaf—fruit tea for natural and sweetened formulations with the addition of stevia extract. Color analysis of the ready-to-drink teas
using a colorimeter revealed that each formulation exhibited different color values. In addition, the ready-to-drink tea products
under refrigerated conditions at 4°C indicated a shelf-life of two weeks.

Keywords: mulberry leaf tea, mulberry fruit tea, antioxidant activity, total phenolic, ready-to-drink tea

uNu

wleu (mulberry) 4nagluana Morus 29 Moraceae uazaunsnLastyiiu e ba lunanaanmgdainie
fialan nelundthede gln audnnile audntld wazuesn Tng Morus aiba L. ilugnaiugiivsieuinen
dgniusialyl i lutlssmeu i saudadsznalng (Yuan & Zhao, 2017; Zhang et al., 2018; He et al., 2018;
Phansi et al., 2021; Wanyo et al., 2025) wilauanunsonlnaldtluua e Tuvdendanvinundugiulsznenly
ﬁﬁegﬂﬁm | Weaduinuasiusanfcnuedes wafulsmunage u’?@ﬁqLLﬂﬁ‘gﬂLﬂumamﬁmﬁﬁlu 7 el tnavaiou
weisd 1al Tendism ilusn u@ﬂmﬂﬁﬁ\iﬁmiﬁﬁmﬂuuﬂﬁuqmmmmmm’%’l‘mzﬁmml,@zm%nﬁ”w (Ma et al., 2020;
Magsood et al., 2022) faqiin neundanlun nezngaanunsuazannsnl ladaasunisdgnusian TENCAtH
apanasn vz ansTgEnm idesanlulumleunasuandeugaylldasasdifomaneaiin lunauleu
ﬁmiﬁﬁqmaﬁ}’huﬂ%ﬂ%mx eun nqunanlouess (flavonoids) ki weunlaeniiu (anthocyanin) uaznguiuaan
(phenolics) 1w nsALNAAN (gallic acid) nsaraalsaiin (chlorogenic acid) nsaANWEN (caffeic acid) LAIBTAU
(quercetin) Waz3AU (rutin) u@m’mﬁﬂ"\iﬁ%mﬁuu@mmﬁ’mﬂuﬂ?mm@ﬁrm”fm (Chen et al., 2022; Kattil et al., 2024)
zdm’LumJ*auﬁmﬁiﬂﬂﬂg%éﬂﬁﬁ%%ﬂﬂﬁ%ﬁ@ U faraass (alkaloids) WanTauessl (flavonoids) nsalaan
(phenolic acids) astu (terpenes) tMsnasily (triterpenes) 11TU7K (saponins) @ufiesass (steroids) Way
Inaudnanlss (polysaccharides) mmenqm%ﬁwﬁﬁﬁammﬁﬁz%’m“a; Tawn qm%rﬁm@@ﬂ%m%u QIR TlatY It}
FUNNIENIAL TraanseiuABladinesen wazdaaanseaulasiuluaen (Sanchez-Salcedo et al., 2015; Zhang
et al., 2018; He et al., 2018; Xuan et al., 2025)

ﬂmmigﬂmi@wﬂumﬁmﬁm%‘mLﬂuﬁqﬁm@ﬂ@memﬂummi‘ﬁ'mmmLﬁuifﬁlﬁmuumﬂ“ﬂﬁ%ﬂ@mm
malnruinisgeaniiiiesanandnisuilaaialaniiesansamiflaasuasiduls laninegunn
(Methaakkharadecha & Srisopa, 2020; Xuan et al., 2025) NLUIUNITANA (FUUNH 1987 WAZTUALBIRNTANA
AREIARNINAZANE) u@ﬂmﬂ%m’qm@ﬁi@ﬂmmmmmiumaﬁmwga%mmmLﬁﬁlmﬁluLL&’Q (Pérez-Burillo et al.,
2018; Liu et al., 2018; Matthayom et al., 2020) fN44HARADAMANTANIIUILAMENTA 11U ANNTN AINEA
ARNNANNADN LAzAINNITY LW (Pérez-Burillo et al., 2018; Liu et al., 2018) uazluilaqiiudinisldunain
911U (Stevia rebaudiana Bertoni) ‘Lumiﬁwmﬂ;qLwiamﬁmﬁmsvi'mmﬂ,mzm'%"mﬁumn%u [flasannanunsn
i slE AT A an e Tl vanuliansasilalas (stevioside) uansilpanumanu
1ANNINENAIANTIE 200-300 11 eAEvauilline lAANE Y LA L FeuldRe 200 asAlTalTa g
'ffiqvl,aimmﬂﬁw?@Lﬂ'f?zlﬂuamwmﬂmm?@uiumiﬂgqmms (Klongdee, 2015; Posawang et al., 2020; Sakthivel
& Kumar, 2025) mﬁwmu'ffi«,ﬂuﬁﬂﬁiﬁuﬁq’mmu%%wwﬁmmmwm’ HARINNITH BIUNT LALARRaAN 1T

dudaunanaasindewan (Khruithong, 2025) Iiiludiunanaadiannanelanisa (Chansatapomn et al., 2025)

' £
v ¥ o

s nsldungirunuuniheatidamnzd miuiidesnisaruauminuasgilealsaumau

U q



RMUTSB Acad. J. (2026), 14(1): 269517 30f15

o

ALY sz A aes il AatiAen s N a8 9Ra NS ALAYE 1) N6 BANHANHTE N IR WeT AE 492
waz Bunoueangan (total phenolic compound, TPC) Iulumﬁluuﬂ@uﬁwfﬂﬂ@um (Morus alba L., c.v. Sakon Nakhon)
vt NauNeuuiaeslus 60 (Morus alba L., c.v. Chiang Mai 60) laganaziimsnzanlunisaindaeiiazgn
. a4 oAy Ay : . . . y
g umandsnesesngwianmn laun mlumden snavsiou wazanlumslaunantnasiew taatlsznausog
sanssnTnAwazsanIulngldarsataunmonuduanslinanumanuunuiing wiauisdipasiad uazens

a x ¥y 44 ooy S o o4 4 - d L ee
nafivineresiandensn ieduiuwuunaniusiiATesaudeniiegann wasdaudunisiuyasliun

Wangnluiestiv

ABN1TANE
1. gse Rl Ay
TunImanedIdansATingad AR (AR grade) wazintmAannlaaa (Sartourius, arium®
advance EDI, avilsansnsuigieesiiy) lunissisanansninsguuasaiaiaus
#"3a¥ANe DPPH Aanudady 1 findluadedns wideulnads 2,2-diphenyl-1-picrylhydrazy! (Sigma-
Aldrich, anfgaidini) 1.96 Naaniu azang i ueaazliulsuinssaeuniuea (RCI Labscan, Usein
lofuaud) auasy 50 Hadans a1saratanInsgIunsaweanasindudy 5 m‘mmamgnm‘%mmnnrm‘m%

A o

neALedAasin (Chem-Supply, iAsasgaadinsiag) 125 Aaansu azanaluinuazdsuiiuimndu 25 Jadans

49

wasantaeanaiu 25 fadniusedns wazinllainmniinsgiunsaueanasin 1-8 aaniusiedns
gnsazane ABTS wizanlnennInanansazane 7.50 NaaNaseans 2,2-azino-bis(3-ethylbenzothiazoline-

6-sulphonic acid) diammonium salt (ABTS) (Sigma-Aldrich, @15§aLasnn) Augnsazanalnungdideuilafiamm

'
a

(K,S,0,) (PanReac AppliChem, UszinAaiilu) 4.50 Aadluanaans nasaniuaaneldlundanguunivaaily

1987 12-16 dalans aldansazane@ideadiu Beansdaei 10 wi dewh il lumnmed ssazatanasgu
Trolox ANy 1 TadTuasiedns wiaaulngda Trolox (Sigma-Aldrich, an3geiaidna) 12.50 Jaanin azane’ly
L@NIUBA (RCI Labscan, Useinalafiaus) wazdsudiuinsiidu 50 Aaaans wdeanntiAeataluan gy
294 trolox 0.025-0.50 fiadluaredng el lunzafrunsmunpagu

@1782a8 Folin-Ciocalteu reagent (Loba Chemie, 81iAe) 11N11@aa19 10 winneuunlddiased
ansazanelmAuAFuaIun 7.5% wi wisulnadslniAenan e (Deajung, WNUA) 7.50 N5 araneluin
waztuiiunmadu 100 aaaRs asanauInIgIunIaunaan (galic acid) 1 NiNsRARS e lnefansaunagn
(Sigma-Aldrich, anigaiNinn) 50 Haaniu avanelutinuazdiuiFunaandy 50 Dadans udaideanady 5125

o

LaANSUFARART Lﬁ@‘l%m%qﬂmmmmim

2. nnmseNT NN ULAZ TN ANNE U
a o d” 1 s d’f d' o 1 o o a
mAdeild luvdauiuganauas (Morus alba L., c.v. Sakon Nakhon) tignluivunaineviniass Ssmdnanys

o o

wazlduansauiugidieslud 60 (Morus alba L., c.v. Chiang Mai 60) Ugnluituil ennaiilasantjs Samdnanys
2.1 mawsizengnlumsiaw
wanlundeanlaeaanlu® 3-5 duainsanlu J8daqan wazdasnainnisduideudngie

WATANTLAN UINIANNIAINAZeTA WAz bdaunie waaiulunsauniuaanndtaasluldliiauin 0.50-1



RMUTSB Acad. J. (2026), 14(1): 269517 4 0f 15

AR wia i sl dafieatnaniig I devnaneimad aamivir N datlssanns 20-25 it s
mn&uﬁﬂuuﬂfauvl,ﬂau‘l,ul,mamﬁau%muqﬁ 80 avnigaidea e 1 daluaieanmsdulaiiu 7 wefdus
waziAnluntrusitaainieTesfuAuguLazuasLAn (The Queen Sirikit Institute of Sericulture, 2014;
Phansi et al., 2023) TUNNTNARBSTIILATIZTA AN LTI T IR e AT R LAT AN T (OHAUS, MB45 Moisture

Analyzer, @3gaLaiann) g1 lunseuANTY 6.4440.15% (n=3)

2.2 NITFTUNTINANNDY

'
Aaa

A 1 ¥ o v o ‘ﬁl v v :l/ o 1
BNNANNAUGNNHANINULAILTHN UIANNIAIINATANA LL@ZN\‘]VL’J’Q‘LLLLM\‘I mnuummwmﬂﬂ@ﬂu

1
= a

WNeLANFaUNgUYH 80 avAtAmaa 5 9alus vizaaunaudauwi uaziuluniausidaatin annisnanzif

ANATNTUNLINTHAMNEURAINTY 6.87£0.12% (n=3) A4 (Figure 1)

(a) (b)

Figure 1 Mulberry tea (a) mulberry leaf tea, and (b) mulberry fruit tea.
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Table 1 Formulation of ready-to-drink mulberry leaf and fruit teas per 250mL of brewed tea.

mulberry leaf tea mulberry fruit tea stevia extract

tea formulation tea taste
(9) (9 (mL)

T mulberry leaf  natural flavor 2 - -
T2 mulberry leaf sweet flavor 2 - 25
T3 mulberry fruit  natural flavor - 3 -
T4 mulberry fruit sweet flavor - 3 25
5 mixed tea natural flavor 1 1.5 -
T6 mixed tea sweet flavor 1 1.5 25
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Figure 2 Changes of extraction temperature on the antioxidant activity of mulberry leaf tea analyzed by (a)
DPPH and (b) ABTS methods, and (c) changes of extraction temperature on the total phenolic content.
Changes of extraction temperature on the antioxidant activity of mulberry fruit tea analyzed by (d)

DPPH and (e) ABTS methods, and (f) changes of extraction temperature on the total phenolic content.
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Figure 2 Changes of extraction temperature on the antioxidant activity of mulberry leaf tea analyzed by (a)

DPPH and (b) ABTS methods, and (c) changes of extraction temperature on the total phenolic content.
Changes of extraction temperature on the antioxidant activity of mulberry fruit tea analyzed by (d)
DPPH and (e) ABTS methods, and (f) changes of extraction temperature on the total phenolic content

(continue).

Table 2 The antioxidant activity and total phenolic content obtained from the extraction of mulberry leaf and

fruit teas at different extraction times.

mulberry leaf tea

mulberry fruit tea

extraction DPPH ABTS TPC DPPH ABTS TPC
time (min) AAE/g TEAC/g GAE/g AAE/g TEAC/g GAE/g
teaxSD teaxSD teaxSD teaxSD teaxSD teatSD
1 256.75¢2.72°  10.1120.12° 138.98+0.51" 135.70+3.20' 0.47+0.04' 15.94+1.29'
2 264.71%1.85° 13.97+0.40° 153.71+2.22° 147.38+1.41° 3.02+0.25° 26.90+1.12°
3 273.53+1.96°  15.18+0.11° 183.69+1.52" 171.61%2.55" 3.94+0.07° 39.08+2.55"
5 279.89+2.24" 17.4320.28" 188.89+2.56° 236.20+0.68" 8.54+0.25° 71.97+2.36°
7 284.31+1.84"  18.67+0.24° 199.82+0.85" 249.73+2.45° 9.99+0.27° 85.18+1.96"
10 286.74+1.66" 19.04+0.51° 205.41+3.66" 256.71+1.25 11.57+0.34° 98.18+2.86"

data are expressed as mean+SD (n=3).

“indicate statistically significant differences among the means within the same column (p<0.05).
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Figure 3 Ready-to-drink teas: (a) natural-flavored mulberry leaf tea, (b) sweetened mulberry leaf tea, (c)
natural-flavored mulberry fruit tea, (d) sweetened mulberry fruit tea, (e) natural-flavored mixed

mulberry leaf and fruit tea, and (f) sweetened mixed mulberry leaf and fruit tea.

Table 3 The color values of ready-to-drink mulberry leaf tea and fruit teas.

tea formulation L'+SD a+SD b+ SD

T1 46.16+1.34 3.83+0.86 38.62+1.39
T2 46.19+2.33 -1.70+0.80 35.89+1.39
T3 47.55+0.29 24.29+1.44 15.31+0.20
T4 45.78+0.29 26.20+1.48 23.37+1.25
5 54.76+0.33 9.46+0.16 18.14+0.28
T6 48.95+0.32 8.52+0.57 27.50+0.42

data are expressed as mean+SD (n=3).
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Table 4 The microbial counts of ready-to-drink tea.

storage period (weeks)

ready-to-drink tea samples

0 1 2 3

natural-flavored mulberry leaf tea

total microbial count (CFU/mL) ND ND <1x10° >1x10"

total yeast and mold count (CFU/mL) ND ND <100 >100

E. coli count (MPN/mL) ND ND ND ND
sweetened mulberry leaf tea

total microbial count (CFU/mL) ND ND <1x10° >1x10°

total yeast and mold count (CFU/mL) ND ND <100 >100

E. coli count (MPN/mL) ND ND ND ND
natural-flavored mulberry fruit tea

total microbial count (CFU/mL) ND ND <1x10° >1x10°

total yeast and mold count (CFU/mL) ND ND <100 >100

E. coli count (MPN/mL) ND ND ND ND
sweetened mulberry fruit tea

total microbial count (CFU/mL) ND ND <1x10° >1x10"

total yeast and mold count (CFU/mL) ND ND <100 >100

E. coli count (MPN/mL) ND ND ND ND
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Table 4 The microbial counts of ready-to-drink tea (continue).

natural-flavored mixed mulberry leaf and fruit tea

total microbial count (CFU/mL) ND ND <1x10" >1x10"
total yeast and mold count (CFU/mL) ND ND <100 >100
E. coli count (MPN/mL) ND ND ND ND

sweetened mixed mulberry leaf and fruit tea

total microbial count (CFU/mL) ND ND <1x10° >1x10"
total yeast and mold count (CFU/mL) ND <100 >100 -
E. coli count (MPN/mL) ND ND ND ND

ND: not detected.
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