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Heat Shock Treatments Induce the Accumulation of
Phytochemicals in Kale Sprouts
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Abstract. The objective of this study was to determine the effect of heat shock treatments on the phytochemicals
including antioxidants and anticancer materials in kale (Brassica oleracea L. var. acephala) sprouts. In study
I, kale sprouts grown under the growing system for four days were soaked at 40, 50, or 60C distilled water
for 10, 30, or 60 seconds, and in study II, kale sprouts were soaked at 50°C distilled water for 10, 20, 30,
45, or 60 seconds. After the heat shock treatments, the sprouts were transferred into normal growing conditions
and recovered there for two days. Fresh and dry weights, electrolyte leakage, total phenolic concentration,
antioxidant capacity, total flavonoid concentration, phenylalanine ammonia-lyase (PAL) activity, and
glucosinolates content of the sprouts were measured before and after the heat shock treatments. As a result,
there was a significant decrease in the fresh and dry weight of kale sprouts treated with heat shock compared
with control at harvest in study I. Especially, heat shock at 60C lead to more pronounced growth inhibition
compared with heat treatments at 40 and 50°C. Electrolyte leakage by cell collapse was the highest in the
sprouts exposed to 60°C distilled water, which agreed with the growth results. Heat shock at 50C significantly
induced the accumulation of phenolic compounds. In study II, fresh weight of kale sprouts at 50C heat shock
showed a significant decrease compared with the control at one and two days after the treatment. However,
the decrease was minimal and dry weight of kale sprouts was not significantly different from that in control.
In contrast, the heat shock-treated kale sprouts had higher level of total phenolic concentration than control
at harvest. Heat shock treatments at 50°C for 20 seconds or more showed at least 1.5 and 1.2 times higher
total phenolic concentration and antioxidants capacity than control, respectively. The change of the total flavonoid
concentration was similar with that of antioxidants. PAL activity after 24 hours of heat shock was higher
in all the heat shock-treated sprouts than that in control suggesting heat shock may stimulate secondary metabolic
pathway in kale sprouts. Seven glucosinolates were identified in kale sprouts and soaking the sprouts with
50C water for 20 seconds had a pronounced impact on the accumulation of total glucosinolates as well as
two major glucosinolates, progoitrin and sinigrin, at harvest. In conclusion, this study suggests that heat shock
using hot water would be a potential strategy to improve nutritional quality of kale sprouts by inducing the
accumulation of phytochemicals with antioxidant and anticancer properties.

Additional key words: Brassica oleracea L. var. acephala, glucosinolates, phenolics, phenylalanine ammonia-lyase
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Qlth(Fahey et al., 1997, Takaya et al., 2003).
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A= frolH, A7) Eot AN ThSol Al B A
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vl3)] Y53 =rt R uEch(Hertog et al., 1992).
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sttt Edo]7t &1 A5 M4 A | 7] (EasyGreen Mikro-
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A 10,30, 602 AT F 197 AL AL Aol
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Scientific, Inc., USA)Z 4]o]& % EC u]g|(HI 8633, Hanna
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2](1000rpm, 24H)sko] P& AFHE A9 o]&aqlrt
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Ciocalteu -89(Sigma-Aldrich, USA)T} A& 50uLE ¢
I Aojh G2 AEode 5 Al 80%(v/v)
OPYE S0uLE Witk WA We @ 600uL 7.5%(W/v)
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FolF. BE WS S8 HHEAIZ] - 510nmof A <]
TFEE Ty EFEHHL2 (+)-catechin hydrate(Sigma-
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SRIAS0|E &

A Aol A GLS| %28 Official method ISO 9167-1
oA A HMFEH desulfoGLS 4 W& o] &5tk &
A1z 3 upafet AY A AR 0.2g5 10mLe| 331 70%
|et-&-o A7}sto] 1087F Q3 2)3}e] intact myrosinaseS
AR A2 AIRE 3000rpmofl A 1027 ¢
dresiol 4E4e 2ASAT. AEe 29 3mLS
sodium acetate buffer(pH4.0)= equilibrating =]o] ¢J+= DEAE-
Sephadex A-25 column(0.8mL)o] 243}1l sodium acetate
buffer= 1mLA 23] M2} c). AAE aryl sulfatase(Sigma-
Aldrich, USA) 75uLE #7}510] 1647k 37C o)A GLSE
desulfoGLS® S EA|Zt). 0|8 282 (0 5mLE 23] 82
5}o] HPLCZ desulfoGLS 9] kS EA1351ich

DesulfoGLS 9] A=EX-2 UV/VIS H<7](Gilson, USA)
7} A2kl HPLC 305 A)2El(Gilson, USA)S AH-atedc.
C18 HFY(XBD-CI8, Agilent, USA, 4.5 x 250mm, i.d., Sum
Eo 4L sk, §42 ImL-min’

ow, 49 2% 2% 30CE st Al& 20uLE &
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U2 AR, 208714 20% oM EYo|EH R Z7}
205 1027 frAske] BeE 4 226nmoj| A 3385
5 =43 }@E} Internal standard2 2-nitrophenyl-s-D-galac
topyranos1de(Slgma-Aldnch, USA)E ALg3519a, 2 A7
o) Wg Hliste] Hak(umol-g' DW)3tlth

=

particle size)S

Al

AAERelS Yoo A=EA7|(LTQ velos, Thermo Scientific,
USA)7} A2 Accela HLPC A]|AEl(Thermo Scientific,
USA)E AME-3}S AT negative RER 0] 2351% QRS9 A
TS 245 A A A7 Hol= m/z S05E m/z
2000712] A8, AA7EAL] S2ke 10L-min’, capillary
Hore 4kVE ZAs}h

SAHXZ
ARAA = st EdolE shtel 4= g |y
= o]&stlen, GLS )= AlQlet e =
AMA R = SAESN T, A9 13 e FYT skt
AollA 242t 23] vk Al3iste] 21 e e 55T
AEXL SAS ZZIH(SAS 9.2, SAS Institute Inc.,
USA)g o]-&5to] FAREA(ANOVA)S AAlstalom, 3
77t H]i= Duncan® t5H9d8E &3t

ol oZ‘: fo %

MG SHAH )
40, 50, 60°C 9] 5ol % 59 3

& H ¢ tH(Table 1). 40C HE A7t
A AAFE ol Blsl oA em kAt o
A LEEo] vsiHE 1 Zae] Zo 29ttt 50°C

n)
1o
e
2
n
4
=
o
N r
e it pe B oz

Table 1. Growth characteristics of kale sprouts at two days after heat shock. Kale sprouts were soaked at 40, 50, or 60°C water

for 10, 30, or 60 s.

Temperature (C) Time (s) Fresh weight (mg/sprout) Dry weight (mg/sprout)

Control 16.4 + 0.25° @’ 32+ 023 a

40 10 13.5 + 0.10 cd 24 + 0.10 bed
30 14.1 + 0.22 bc 25+ 0.11 bc
60 147 £ 034 b 2.6 + 0.16 bc

50 10 147 £+ 041 b 29 + 0.15 ab
30 132 £ 0.34 cd 24 + 0.09 cd
60 125 + 023 d 2.3 + 0.05 cd

60 10 8.6 + 0.67 f 2.0 + 0.23 de
30 72 +033f 1.5+ 013 e
60 6.4 + 0.36 f 1.8 + 0.15 e

Significance

Temperature (A) i i

Time (B) ok .

A x B ok .

“Data are shown as mean * standard error (n = 4).

YMean separation within columns by Duncan’s multiple range test at P = 0.001.
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Ao HAFZ 10, 302 A7k 40T oA o dA 2o
ofgh Aot Bl AINE 50T 60% A ofA= 24ls]
okt 60C GA oA o] HAFE A2 Altel] BAGlo]
RE Aol visfAl foH oz 7P wokth 53] 60T
o] 60z Azl M= ol wls AFo] 2.58) s}
At A=sY dde AT v e 23 40
7 50C oA dA 2 AU A ﬁ%w; Elh?‘ﬂl HlOH

= Qﬂﬁ‘l e L}EPL“E} @Xiﬂﬂ AHWHAA A7
of & TS NELe d rFAT FAHL A=
A= AlEep T o) 3atet 43t o MG Zelshal,

2 ol8) UrETAS Z7pA]7ICHWahid et al, 2007). THE
S gws] oo, AshAe)
& Bee Ao o eh4 % Uet= A= ofe] &
SEA AFREE I QoHBlum et al., 2001; Chen et al.,
1982). 3 AlEA|Eo A Aol & FAEY nEE
calo} g4 ka0t BeEch LIS dof| uiztst 114
o2 4HA Qlil(Allakhverdiev et al., 2008), AA| o 2}
oA LAY Al g dEo] WolR|aL, AT HE
9] 747 R EQIti(Camejo et al., 2005; Giaveno and
Ferrero, 2003). &2 A& oA Gx 2o ot A &2 A
3 23 A% I 44T BAd

60C A7} 7 w2 A fE5S 2l v, 40C
of Qxe| 7 gxTet f91%9l Folvh g9, 0T &
el AelAzke] Zob) uet Aa)d §3 Hwot 2t
S L O N ECE R EE RGP
Zjol= Holz| oFotrhFig. 1). wata Sl ZHoA
60C 9] FRP) A2 Aol RATHE Ao= B

A 2 P=S 24

rLog
32
£

05| HEE 10s
Cc130s
= 60 s &
o 041
(=2}
©
s
2 03l 4
2 T
[<]
2
S o2
w
01}
0.0

Control 40T 50C 60T
Treatment
Fig. 1. Electrolyte leakage of kale sprouts one day after heat

shock. Kale sprouts were soaked at 40, 50, or 60°C water
for 10, 30, or 60 s.
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o] FEEOoH, 10x2} 30% 3 t=
ol =tk 60C EAFY F HE s=e 7
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A UEUA] 2 wh, A2 §2dA419 5 s s
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(Wahid et al., 2007).

et =3 JAA Y ARGE SR 2] whet
o2 ot Uehillth(Fig. 2). 40C FA 2] Al ﬂl%_‘ M
2o et s & HlE sk Haleh vlsshA AE &
297 % djzet §-04<l 2tol 7k §lolet. 50T @ZH
A AR SAA FoAS HERA A 602
AeloA A2 3 197 vs A2 & 2dR o= FAks}

181 A B

1.6
—e— Control

1.4

1.2
—o0— 10s
—v— 30s

1.0
0.8 —v— 60s

0.6
18f C D

16 a
ol %zﬂ
12 c
1.0 -
08|
0.6
18| E F
16
14
12|
1.0
0.8

| |
w » o o ~

1 1
w » (3] (2] ~
Antioxidant capacity (TEAC mM-g-1 Fw)

Total phenolic concentration (GAE mg-g'1 FW)

w A~ 0 o N

Day after treatment
Fig. 2. Total phenolic concentration and antioxidant capacity of

kale sprouts soaked at 40C (A, B), 50C (C, D), or 60C (E, F)
water for 10, 30, or 60 s. Significant at *P = 0.05, **P = 0.01.
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£+ S71l9th 60T AHelTol ojg gHasl
£ Wakt % sl SE Wsk PR GAsT 60T
QA2 297 RS ol HsiA 30, 602 &
Helk a0z wern, 0Tl 102 9xel 5 294
S SICECTRUPS Y
AGHeRT e Lo L2 A8 glof Y
slwsld, Aejshd, $AHoR o Mg s =
7 % QAo o3t Bepuwol syt o axeiols S3t
@ olA AR A o] FHL thE s
2ol g A2 Uy WA Aol g AL Eol
7] 95t 3 7HA] o2 dojurk(Velikova and
2005; Wahid and Ghazanfar, 2006). E3F 1122 A]
o] FEA9 nEZ=gobet e Fraof A B4t
S WAIA] 7] (Sairam and Tyagi, 2004), o] = 213} &
E219] AL G5 (Wahid et al., 2007). o)A 1510
o5t dof ot 4o g Adsto] itek=d e #
Lol EXER 9 X Qok(Dat et al., 1998; Gong et
al., 1997). & Aol 50Tt 60C 2 AAefe] o) #l=
A} MekEd o] FE7F SR Aibe ofd SHA
a4

J_

290710) AAFS BxTol Hls) BE AZF A (10, 20,
30, 45, 60Z)0] A 9o oz ko 7ko ®itHTable 2).
ST 1 gol4 Hole AT AL 6
Axelat AY Ake] ABFL grTol
Q] %ol Ho|x| ghgkrh. mekA o] A3

ol A iz Hsf 24 1

51
oAtk A% 50C A ejo]

s HekE FAs) Kok

O
=
"‘Tlao E:Lgl'—]—‘/l\‘

Bl ic0|= (A |
10, 20, 30, 45, 60z 59l
14471 dHel el % s

A9 1¢] 2ot Hléow o

3t 4= Sl Al A2 A7k

E *k *kk
' a
2 10k a
£ a
w
- a
O 08|
c b
L
g 0.6 - c
&
§ —&— Control
o 04} —0— 10s
%’ —v— 20s
= —o— 30s
< 02 —8— 45s
= —0— 60s
2 0.0 ! ! !

0 1 2

Day after heat shock

Fig. 3. Total phenolic concentration of kale sprouts soaked at
50C water for 10, 20, 30, 45, or 60 s. Significant at **P =

0.01, ***P = 0.001.

Table 2. Growth characteristics of kale sprouts soaked at one and two days after heat shock. Kale sprouts were soaked at 50C

water for 10, 20, 30, 45 or 60 s.

one day after heat shock

two days after heat shock

Time (2) Fresh weight (mg/sprout) Dry weight (mg/sprout) Fresh weight (mg/sprout) Dry weight (mg/sprout)
Control 20.3 + 0.53* &’ 29 + 0.14 218 £ 0.79 a 2.9 + 0.26

10 147 £+ 097 b 26 + 0.10 16.8 + 0.68 b 2.3 £ 0.08

20 13.7 £+ 093 b 24 + 022 14.6 + 0.61 bc 2.1 £ 0.20

30 159 + 0.96 b 2.7 +0.19 15.2 + 0.59 bc 25+ 017

45 133+ 111b 22 +0.14 142 +1.03 ¢ 27 +0.28

60 151+ 054 b 26 + 012 14.8 + 0.90 bc 23 +0.22
Significance b NS o NS

“Data are shown as mean * standard error (n = 4).

YMean separation within columns by Duncan’s multiple range test at P = 0.001.

NSNonsignificant.
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Table 3. Identified glucosinolates (GLS) and molecular weight of desulfoGLS in kale sprouts by mass spectrometry.

Trivial names Abbreviation DesulfoGLS Mw” of desulfoGLS Response Factor’
Glucoiberin GIB Desulfoglucoiberin 343 1.07
Progoitrin PRO Desulfoprogoitrin 309 1.09
Glucoraphanin GRA Desulfoglucoraphanin 357 1.07
Sinigrin SIN Desulfosinigrin 279 1.00
Gluconapin GNA Desulfogluconapin 293 1.1
Glucoerucin GER Desulfoglucoerucin 341 1.00
4-hydroxyglucobrassicin 4-OHGBS Desulfo-4-hydroxyglucobrassicin 384 0.28

“Molecular weight.

YGlucosinolates contents were calculated using previously published response factor (ISO, 1992).
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Fig. 6. Individual and total glucosinolates (GLS) content in kale sprouts soaked at 50°C water for 10, 20, or 60 s. Significant at *P =
0.05. GIB, glucoiberin; PRO, progoitrin; GRA, glucoraphanin; SIN, sinigrin; GNA, gluconapin; GER, glucoerucin; 4-OHGBS,

4-hydroxyglucobrassicin.
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