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Impact of harvest time on quality characteristics of
greenhouse-cultivated Seolhyang strawberries
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Abstract

The impact of harvest time on the physicochemical properties and antioxidant activity of Seolhyang strawberry varieties was
evaluated. The Hunter color value, which indicates redness on the surface of strawberries, was significantly higher for strawberries
with a third flower cluster. Our results also revealed that the strawberry pH tended to increase significantly with extension of harvest
time. Soluble solids in strawberries from the fifth flower cluster were significantly lower throughout the harvest period. Strawberries
from the first flower clusters exhibited the highest acidity, while strawberries from the third flower clusters held the lowest acidity.
Strawberry antioxidant properties assessment revealed that total polyphenol and anthocyanin content tended to increase with delay
of harvest time. Vitamin C content tended to significantly increase with increasing flower cluster number until cluster 4. Fifth flower
cluster strawberries showed decreased vitamin C. Sensory acceptability scores for second-flower cluster strawberries were significantly
higher than those of the others for appearance, taste, and overall acceptability. This study confirmed important impacts of harvest
time on the physicochemical and sensory properties of strawberries. We expect that this data can be used to guide the development
of processed strawberry products.
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ARl T Aol 22 B7] Al 57 188 IS A
Aog gelr] fIsiA Asht AnE AAlskaL Qi K 2t
yF 242 Ao 7t 5o ol Zjsket Fof WA W &
1, Y= AAZHLee & Chae, 2012). B719] sh
Y D= AR S B, v 27 SR U9 Ao
2R, 5L 3P YollAx A9l ZHio] sh9jof aakd
ARt 3tiee & Chae, 2012; Sherman & Janick, 1966). &
7l WA St sho] £k EUj7] A v o r A%
201 7H5}et 27t ojoj X, BF Spte] 2ol WoH FHo]
717k Ao AL, AlEA9] Aol ekt o] thg ahe] &3]
A A=tk Perez et al., 2002).

g@719] A& 5 F2 F2 sucrose, glucose ¥ fructose® T3
Fo] Qla1, 5ol wet 2FEF Enkal A leH, a7t
& AlEE24Kcitric acid)o] thR-g AFAskL et 8717} 112
7|8 49 3 TR AAE §7ARS S71EE, 1Mo Ad50]
XY= AA G A S7F=AL, A7 S dad) kel 4
w02 HER CEYE ofte}, QEEAlCR, HistRtas v o
oo} Hiteks, UG, Tt FURT 5 U AHEES A=
7oz & A QUtHZhang et al., 2010; Bobinaite et al.,
2012). o|AH QA FoJet B7]9] it phytochemicals= 2+
A19] 918 H=(Montero et al., 1996) Y Ao wa} 24
o, 5717t 73] et g2l 4= QItHCordenunsi et al.,
2005). ©719] FEAloRd 34, g}, & 2 714 HH 0= QIgt
AR} Wl 7]HEe & ©@7]9] 440 AYPHTHGiven et al., 1988;
Silva et al., 2007; Ornelas-Paz et al., 2013; Cao et al., 2015).
PEAlOR e &AM A&H 0= F7Istal, BlEH C 9
FZ 75% ‘=710 ol 7 woH, A57|E AUHEA B4
o] Holxikal HuEQleh s 249 A# F sl
DPPH radical &4 AL 437z s B3 1278 4402 =
o= Aol o, &EeE Aot nAleHA| A4gict
(Jeong, 2010).

SHH, 8719 §482 3k, 7], Ak, Q¥ 5oE ZAE=T
F4 QAo BoA] 9= AEe2 78 27]E drfsial 9l
oh ik dut mlEOA, 7158 BV M - 34 59 dRE
Aol Ho]A 502 =l et ol2dt 78 B =
At FHiE= Ago] o9 AT AHIE fole] ¥FEVIE 7R
B glow, BA] AA D A, A, AR 59 = A- Az
1 ItHKim, 2011). AF AZE G711 A, A, ofo]Aad,
A, 24, 97F 59 ¥5E% o]8H1 tkLee & Chi,
1989). @A7HA] HigE 97]1E ol &%t A B71A(Kim &
Chun, 2001; Park, 2007; Kim et al., 2013; Kim et al., 2015;

® o
ot
N,
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Han & Kang, 2019)°] #3t @77} thndols], @] (Ahn,
2023), B71A°13(Kim, 2008), B714%(Yim et al., 2021)°]
B AT ol ek, @719 IRINE ol FE71%e] &
o WHe B Slo) Br19) ZFEAE e AT Ao
2 2gsjojor & 3ol

Wb £ Aol 4% @] BES O S
W ojsield B4 9 st B 5O U A4S 25t o
Rt 2Bl B8] 9 7|2ARE AR S

Tz LY i
(=]
A3jo] ALE HFF E20| Tl w0k o)A TSlate] A}

gatom, A7)0 uet 15T Ssptog sttt
(Table 1, Fig. 1).

A& 8.5 cm, %=°] 1.0 cm®] HEZH40] Gol &
2 L(HD), aBA%), bEANE) gos HHsIY
t}. ojuj AR < WMATO] 1712 93.38, agt -0.60, bat
2.69°1 0.

olatety £

97l A2olA 25571(M100-SBFAOS, HUROM., Seoul,
Korea)= 25 & Y41E2]7|(Supra R22, Hanil Scientific Inc.,
Gimpo, Korea)Z ©]8510] 8,000 rpmoilA] 30& YAIE=I930

, ‘&S Foto] F4 542 S0tk 8719 pHe BV A
A2 YN 100 mLE pH meter(Orion STAR A211, Thermo
Fisher Scientific Inc., Waltham, MA, USA)Z &75}9itt 27|
9] gir= T AAT AHS F=A(WM-7, Atago Co. Ltd.,

Table 1. Strawberry samples according to harvest time

Sample Harvest time Flower cluster
1S 2022. 11. 25 1st flower cluster
2S 2022. 12. 29 2nd flower cluster
3S 2023. 01. 31 3rd flower cluster
4S 2023. 02. 23 4th flower cluster
55 2023. 04. 18 5th flower cluster
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Sample Appearance Sample Appearance
1S
3S
5S

Fig. 1. Appearance of strawberry samples according to harvest time.

Tokyo, Japanyg A+&sto] S7stgirt. 8719 2dit=s 27
iiﬁl QN 50 mLe] pH7} 8.27} E w7HA] 42 NaOHERS ALS
b o ghistel IS,

2

e

g EoH= £

% Z99& L Folins-Denis(Singleton & Rossi, 1965)
o] WS 45 wigste] 459t A= 0.1 mlol 7= 1 mL
£ 7I3t & 1 N Folin-Ciocalteu reagent 0.05 mLE H7}5}%
o} 527 9REAIZD TR 5% Na;zCOg‘rt-_‘ 0.1 mL H7lote] &5kst
Act. 1A17F GAoA BR|eE & B3 A(Optizen 2120 UV
plus, Mecasys Co. Ltd., Daejeon, Korea)E Ar&3}] 725 nm
oA SFEE 2751991, Gallic acidE o|-8&sfo] ZAJSE H#&E
FAo2RE F Edvs kS oIt
Z QEAOHH &

Z QFEAJold $FKtotal anthocyanin content, TAC)2 Lee
et al. (2005)9] HH= o83t S4sI3th A= 1 mLel pH
1.0 potassium chloride buffer(0.025 M)} pH 4.5 sodium
acetate buffer(0.4 M)E Z+2+ 1 mIAS A7fst & B30T A
(Optizen 2120 UV plus, Mecasys Co. Ltd., Daejeon, Korea)
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£ AR&319) 510 nm@t 700 nmelM EF=E 245}o] ofefie}
ZHo] cyanidin-3-glucosideE 7|&22 A=EsI3Th

Total anthocyanin
(cyanidin-3-glucoside equivalents, mg/100 g)

A X MW X DFx10°
€

A = (A5200,mA700nm)pr1.0(A5200mA7000m)pH4 5

MW = molecular weight of cyanidin-3-glucoside
= 449.2 g/mol

DF = dilution factor

e = 26,900 L/cm 'mol

DPPH (2,2—-diphenol-2-picrylhydrazyl) 2tC|Z AA
8y

HAFZd5{electron donating ability) %2 Blois & Mar-
sden(1958)2] wio] olgt DPPH ARtz 279l et 27
3199} A& 100 pLofl 0.4 mM DPPH &4 5 H7isto] ¢
A4 1087 A & B384 EA(Optizen 2120 UV plus,
Mecasys Co. Ltd., Daejeon, Korea)g AF&sto] 517 nmollAl
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23S 574513tk DPPH At &4 84S vt 22

A& o] 83}o] AEsiglon, BEEHRE ascorbic acidE ARSI

DPPH =tz &4 &%) =
(DPPH blank - DPPH sample) / DPPH blankx 100

ABTS[2,2’-azinobis(3—-ethylbenzothiazoline-6-
sulfonic acid)] 2{C|Z AH &4

ABTS =)z 4274 &AL Jung et al. (2010)%} Park et al.
(2012)9] ol whet 275ttt ABTS @HZg 14 mM ABTS
9} 4.9 mM Potassium persulfate(K,$,08)5 LaoA 1247F
HESAIA WIAZ & ofekE= 734 nmollA S8%=70.70] =A
B|A519IH:. 341 ABTS €9 3 mLojl A& 20 pLE 943 o
o, A2 YoM 58T Bk & B4 A (Optizen 2120 UV
plus, Mecasys Co. Ltd., Daejeon, Korea)E AF&3t9] 734 nm
oA FFEE S4sto] 2 o] AEsigion, #EEdE
ascorbic acidE Ahgsto] ZAJet HegAlo] wet A4t £ as-
corbic equivalent (ACE) mg/mLZ 37|15ttt

ABTS iz 274 24(%) =
(ABTS blank - ABTS sample) / ABTS blankx 100

FRAP (ferric reducing antioxidant power) Zg&=

FRAP ®%2 Benzie & Strain(1996)9] W< H-gsto] =74
STt Sodium acetate®} acetic acidE ©1-8519] acetic acid
buffer(pH 3.6, 300 mM)E WU 2213 40 mM HCI
TPTZ(2,4,6-tripyridyl-s-triazine)& ©l-85t] 10 mM TPTZ
solutione TFET. AEE gt ¥R-8H(cocktail solution)
300 mM acetic acid buffer (pH 3.6), 10 mM TPTZ ¥ 20 mM
FeCl3:6H0F 10:1:19] HI&Z 4lof The & AF A7k 37CE
FABte] ARSI AR 90 pl, SFF 270 pL B FRAP AloF
2.7 mLE £ & AL A 1087 ¥REAX] the 38
A(Optizen 2120 UV plus, Mecasys Co. Ltd., Daejeon, Ko-
rea)E A&SH] 593 nmolA FFEE S7761%Ith FRAP 2
< EFEAE ascorbic acidE ARSI 2HdeE Akl wt A
At & ascorbic equivalent (ACE) mg/mLE ¥7|5F3C}
HIER C 2

HER C o2 AE3A0 ot Rles 52 iz A=
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0.5 g°ll 5% metaphosphoric acid (HPO;) €< 50 mLE 7Islal
ARt &, YAHEE]7|(D3024, DLAB Scientific Inc., River-
side, CA, USA)YE °1:8319] 8,000 rpmeflA] 1087F €4 Eejs}o]
A2 AF5HE 0.45 pm filterZ of7sto] HPLC(Ultimate 3000
HPLC, Thermo Fisher Scientific Inc., Waltham, MA, USA)Z
E5itt. #5E42 L-ascorbic acid (Sigma-Aldrich, Inc.,
St. Louis, MO, USA)E ARE5H3L}. Columne Eclipse Plus
C18(5 pm, 4.6%250 mm, Agilent Technologies, Inc., Santa
Clara, CA., USA)E ARE3IAL, solvent AL water 1 Lo
methanol, acetic acid 22} 10 mLE 371ttt Flow rate

1 mL/min¥ o™, HEIFL 254 nm, injection volume 10

o

W58 d=rAEATad A Hd 2082 o= 44
= o2 J9= Agsiolen, B7ks o1 A=
ol83I9lt. Ak B7He 1H0R A5 e BTt oA 93]
TWAESE e AR, 719k ke 1Mo A e
tyollx 9ol 7P i S & BABIES o3l 87t
FES T AL dHe] et ot 1 A, 9 ot 24
Z A 71sER stk

oft
%)
o
=3
N
In

SAX

o]z AFHEL SPSS 12.0 (Statistical package for Social,
SPSS Inc., Chicago 1L, USA) softwareS o]-8s5to] H41} 5
HAE #5133, ANOVASF Duncan's multiple range test
(p0.09)& Al&zte] §9ARQ] AolE AFSIAUE

FEA 7|0l whE D7]9] SRR U M 27 A= Table
20 YEiGIth. BE 9719 $E9 89.60~92.62%%12H,
S0 w2 S UERHA] ookt 7] A% 3 59 4
Bslol Tt Al (Lee et al., 2015)904 7] L<ato] 4B}
F2 90.41~97.52%= 2 AF+2HL} FARSIAT A 7o ot
£ 97]9] M= Table 20 VERHGITE B7] 3 HmoA B7]
£ Uehfi= Lak2 s 87171 33.91~36.410]90H, JAxE
Vel aghe 131 9717} 17.95, 25P8 97171 19.81, 33k
2717k 25.04% ROH R 71 Ekow, 451 B7)7 14.08%
FH o= 7P @kt ol 87| A&abd F agko] A St
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Table 2. Moisture content of strawberries according to harvest time

Color value

a b
1S 91.02+0.13®" 3569+193 17.95+2.31° 9.33+0.43
28 80.60+0.68° 34.24+034% 19.81+0.22° 10.57+0.33%
3 91.25+066° 33.91%2.12° 2504%0.29° 12.08+1.45°
43 91.77+150° 36.41+0.08° 14.08+053° 6.46+0.13
5S 92.62+0.56° 35.56+1.13° 18.70+1.84° 879+1.22°

Moisture
contents (%) L

Sample

"Mean+SD (n=3) within each column followed by different superscript letters are
significantly different (£X0.05).

St X13do] 0|2 A7|7F ©719) i ARl ASAS ey
o, o]Fofli= QtEAJopd 9] Histe} 3 FHadith= Hil(Park et
al., 1994)2} Yx3t A0S Hetfilct. oo whef, SEhAl7]o] mt
2t D7|7F A=A aglo] S7RIATE TsEHA Ak
Ao W=t FHEE YEhf= bl 6.46~12.08% 4=
710 W2 AR UeRA] dokoH, ZjA] 7t Zjolof ot A
o7 A==k

olatety S

S]] w2 G7]9] o|3t5ta EAJ2 Table 30 HERHA
pH 574 A3}, 13P 3.53, 231 3.62, 38R 3.71, 431 3.75,
53FF G717} 3.75% 43P, 531 ©719] pH7F 8 o= 71t
A Hebdh A1) uleh ©7]9] pHF RolF o g Frtek=
A Uetiglon, ol 39| w7t S7IeHH MAet pHE
SV A7 AT} X5t Thomas et al., 1987). B71<]
g 24 A3} 15RF~45M ©7)9] 9l 10.40~11.23 *Brix
2 710 wE F9HQl Afolg UehiA] gloket. 53R g7
9] Y= 8.73 “Brix® $EA7] F R0 & 7P Wott of=
3¢ °JA(-10.5~13.6C)°ll Al B71Et 4~59(10.0~27.8C)
Al 717 59t & 257t 2719 G A 2= e
% A2 Hong & Eum, 202002+ FARSHIH:. At S4 23,
131 @717} 0.81%= 71 A7t =980, 2808 27171 0.77%,
43 0.73%, 58P 0.70%, 33PFF 8719 A7} 0.68%= 7FY
okt ool AzlollA, 15k @]9 A¢- g, Alert BE e
3, 38R W= g oje] Al Weko, 53l wy)E ge)
A7) B @2 BA4S SRIT 4= SISl

rl
1
o)
il
1
p
m

Table 3. Physicochemical characteristics of strawberries according to har-
vest time

Soluble solid

Sample pH e (e Acidity (%)
1S 3.53+0.03d" 11.23+0.06° 0.81+0.01°
25 3.62+0.06° 10.67+0.49° 0.77+0.01°
3S 3.70+0.01° 10.73+0.38° 0.68+0.01°
4S 3.75+0.01° 10.40+0.10° 0.73+0.01°
5S 3.75+0.01° 8.73+0.90° 0.70+0.01¢

"Mean+SD (n=3) within each column followed by different superscript letters are
significantly different (££0.05).

ERE e Bosh A7 AGAATE 9IS

Q3% AEotKTosun et al., 2009). $EA]7]of| T &7
Hs3RME 9 FEAloRd 3Fg 374 AxKTable 4), A
Q1 ¥ ETilEt QFEAlORd TR SPo] 245 Fgo]
B UEileH, foldog 7 A vEhdt 5 87
7P 2 IS UERd 1310] Hls] 28 oo R w2 AE
HArh G7]01A4 FEAloRd 32 s Usille AEEA,
9717} AsEEA EEAOR gHgo] S7lele A0® HalE
St Pedro et al., 1990; Park et al., 1994; Tosun et al.,
2009). Wang & Zheng (2001)2 7| FH9] AJ&7]0f ok ®
7h =01 QFEAJoRd Jtgfo] S7RRIHAL Sigl=t|, & A-ato|
Al of20] =2 4, 590 831 8719 JFEAJopd gko] 5214

ol
l:fF
ofy

]o

1o

o

fe o

i

21710 U 2719) FAISH SAHL Table 500 iRl
A7k DPPHRRE] ol slo] itet 84} Zgehe Yelg o]
$31o] 7Pe] WATE 27459 el DPPH 2eiz
a7 BHE 4 IR ANES ekl 2= 5 Shiz ol

Table 4. Total polyphenol and anthocyanin contents of strawberries
according to harvest time

Sample Total polyphenol (GCE mg/mL) Total anthocyanin (mg/100 g)

18 0.343+0.036°" 0.479+0.049°
25 0.629+0.007° 0.773+0.064°
3S 0.566+0.006° 0.601+0.030°
4s 0.731+0.024° 0.975+0.038"
5S 0.848+0.010° 1.564+0.049°

"Mean+SD (n=3) within each column followed by different superscript letters are
significantly different (£¢0.05).
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Table 5. DPPH radical scavenging activity, ABTS" radical scavenging
activity and FRAP of strawberries according to harvest time

DPPH radical ABTS' radical

FRAP

Sample scazxg;zgl ;199 /arztll-\)nty sca(xtz:nlzglrr:lgg /a;tli\;lw (ACE mg/mL)
1S 0.155+0.014°" 4.479+0.201° 231.55+1.40°
2S 0.201+0.014° 5.340+0.484° 271.21£2.32°
3S 0.201+0.013° 5.236+0.459° 264.27+1.74°
43 0.224+0.010° 6.562+0.538" 289.53+4.66
5S 0.229+0.014° 7.436+0.394° 334.75+3.69°

YMean+SD (n=3) within each column followed by different superscript letters are
significantly different (0{0.05).

=1 AHChoi et al., 2013). FA3F S o= DPPHS}F ABTS
2]z A7 24 9 FRAP 24 93 A, 531 9717} 7t
= AR S UEiglon & EejulEy) QEEAloRd g
ol =255 A} 0] =A VERETH0.09). AEAIS] &
Eduls T ARl 28 Afolol= e AT itk
1 B35 1A Paolo et al., 1999)9F YA)ek= A3ES Let
WIlTh EA717F Zoidol whet &, 13PTolA 5o g 24
5 DPPHe} ABTS 2itjz &4 E4o] Ro8 0= Eolx|= AT
< YEHSlth oebA B71= A7 wheh AL RS
F 2 IS S0 JFE e AoE weE:

HIE}2I C &

S8A)7)0] w2 g7]9] Hlek C kS Table 60 UESL
o} 52 Azd 87| Alm9] vl C g2k 151, 251, 33}
vb 43P} 53pte] thsl 22 3.69+0.01 mg/g, 3.8240.04

Tabel 7. Sensory characteristics of strawberries according to harvest time

Table 6. Vitamin C contents of strawberries according to harvest time

Sample Vitamin C contents (mg/g)
18 3.69+0.01°"
2S 3.82+0.04°
3S 3.81+0.03°
4S 4.06+0.03°
5S 3.66+0.01°

"Mean+SD (n=3) within each column followed by different superscript letters are
significantly different (£X0.05).

meg/g, 3.81+0.03 mg/g, 4.06+£0.03 mg/g, 3.66+0.01 mg/g
O = Uit vE C PR o] 25 Rej¥o= 37t
St= AT UERSIOM, 531 971 HHA] asks AE B
At (€0.05). F7] 58 FA7] 2 sk OE A
(Jeong, 2010)0l14 HIEFI C &2 75% “g<7]00 gtgo] 7
Eom, A=7|E AUHA thA] o] gojxitkal Harstoith
Ao G7]9] vel] C T2 $A7 ol wt g2t &
U2 ERIsk

X
)

FEA)7]0] 2 B719] s E4 AIk= Table 73 2t 7
oA Tkl 25k W17t 7.1002 fojFog 71 Eqkor,
53k B717F 4.30208 BE olst=E B7IE et AlBte] A= 2
M g7)71 4.4008 {olF o7 7wkt UmA] 97 57
oo R FOHQl AJolE UehfiA] ottt B3] Ak 53t
9 @7)7h A7 B SOl R oR T WA W7
o}, geeke] A 138 97171 6,100 71 =9k, YA

g

e
oIr
am

»

1S 3S 43 58
Sweet taste 5.50+1.35°" 7.10£1.10° 5.80+0.79° 6.20+1.55% 4.30+0.95°
Sour taste 6.40+1.17° 4.40+0.84° 5.50+1.58° 6.30+0.67° 6.10+1.10°

Strength

flavor 6.80+1.03° 7.00+1.56° 6.10+1.29% 6.80+0.92° 5.60+1.17°
Firmness 6.10+0.74° 5.20+1.23% 4.40+0.97° 4.70+1.64° 5.30+1.57%
Appearance 7.20+0.92% 8.10+0.88° 6.20+0.92° 7.80%0.63° 6.50+1.43%
Flavor 7.20+0.63 7.60+1.17° 7.10+1.29° 7.00+0.82° 5.10+1.60°
Acceptability Taste 6.60+1.43* 7.60+0.97° 6.40+1.35° 6.60+0.70® 4.00+1.15°
Texture 7.10+1.10° 6.80+1.14® 5.80+1.48" 6.50+0.85" 5.30+1.25°
Overall 6.70+1.16® 7.70+0.82° 6.30+1.49° 5.90+0.57° 4.10+1.29°

"Mean+SD (n=3) within each row followed by different superscript letters are significantly different (£X0.05).
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Q7= 4.40~5.300= $gA]7]0l w2 FRS UehfiA] ekoth
FEA7]0] ThE B719] 7|5k B4 2 o H A9 Ve
£ TZE @7} 6.20~8.1002 5HES) o9l 243t 7|5 =g
H7FEIdet. 9 715k 53R B717F 5.1002 fo¥ o= 7t
& @A w7k gleH, ol Bk W7t At 53 B7]9 B
o] Fejd o= 7pg WA Wy Azt ATt Y] g7
T 715%+= 7.00~7.60°= FOJAR ZJol7} gigitt. B7]9] vt
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