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Effects of storage temperature and film treatment on sprouting and
growth of ginseng seedlings
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Abstract

This study investigated the effect of storage temperature 0, -2, and -4TC on growth and quality of ginseng seedlings
for 10 months to cultivate ginseng sprouts. The effects of 50 pm functional low density polyethylene (LDPE) containing
5% zeolite and pegmatite and 80 pm nylon/polyethylene (Ny/PE) films on the storage of the ginseng seedlings were
also investigated. The quality of the seedlings was visually inspected every two months and the growth of the sprouts
investigated. After 4 months of storage, the growth and quality of the sprouts showed significant differences, which
was the effect of the storage temperature. The growth of healthy ginseng sprouts were 58.3% at 0T, 72.1% at -2C,
and 34.2% at -4C. After storing the ginseng seedling for 8 months, a growth of 9.7% at 0T, 54.3% at -2TC, and
6.9% at -4T was observed. The ginseng seedlings were packaged with functional and Ny/PE films and the growth
of the sprouts determined after 8 months of storage at -2C. A growth rate of 56.7% was achieved using the functional
film; however, no live ginseng seedlings were observed upon applying the Ny/PE film.
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MRV (Panax ginseng C. A. Meyer)2] Al HA o]
SHIQL QM TAFE QIR LS SHAA AE B
7I0IRHE 3 & HollA 2470 wRt Aulek BS54 EAD
< AZel AR A8 7 T AAEANA 259409 T
T AHiE oF &, Qo] Hajo} ofiQ] HAIE 8] ol&
Sk 210 Ao ® A 7|7to] B2 EAS 7T &,
Qi) vlwste] AR Aldo] AljhS ¥R gof A%
A7t 7Rsstar, Azto] 7hsst Aule] Aol i, ARl
4 Hole JAAtel & Jhgo] 2 Z o= Hilso] Qirk

(Jung, 2018; Park, 2017).

APERIAO] AAtel Qlof HAte] FEL wle- Sagtt),
F Rl FEjF o HHE7I9 Yol I WEE ] 3l
+ 71Eh7F skl FAF 2oH BE]9] o= 15 cm °]
/go]aL, 750 g 7122 800:Z(7HA) H=olH, A 0.95
g Ol A& TRtk 5F HARS 93t Aoy ARl
4] kS 913 7P 71EAQ1 202 Qo] ARt
St AP FEo YFe 71 dheoll F A ke
< =0l A2 Fasith

A7 HAbol gk a2 EAe] 3719 AR A
S3}0] THA|(Kim 5, 1981; Lee, 1984), HAF AJAF A] AufAt
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Eo] I3t AH(Jang 5, 2018; Park 5, 2014), JEL} EOF
ESE 5 AHigbdo] B4l A&l rlX= FaKLee 5,
2008)0]] I3k AE0] HAlE A, R AEEARS] A
A el Bukgg 98t AXxA e}t AR2ro] At
A74Suh 5, 2017; Suh 5, 2018; Suh 5, 2019), A7|7F
I QUEAF ol ate] TA|(Lee 5, 2004)7} thr o]Fof
FATE, ARARIAe] QP Al AR 91t HAte] A A%
2L A et Ak AQl Hars Ao] gloh

Auky o 2 AJARINs7= 12€0A 3Y F A= HAE
= AHiHA S A5 6-73] A = Sl FE st =
TA] Aol vldS 20 HARS HETH 7, oA HIES §
o] ZWA| YAE -3.5C F=9 A4 1| 7ol A
ZolHAl AR AulolA Ht. HAR: g & iR A
HiSEAL A 20f4 ©7|7F A% F Aufistofof ARRRQ1AS
Zogo| =11 F4o| f5sittal IEA QL A7 A2
A% Aol HAto] RufistAL, HAre] &Eo] "HojA Zof
0] ZAagthal L=A SIANL ofof et HAke] A+ Axt
= B2A Yt

2 s BAR A7) ARAE Al A2t A &
Aof| H|A]= GRS RASI] HARY] AR At s
TEOLL, 24 Aol 75 e UdE 252 A8
- uf HAkO] FAof v|R]= JRS ARSI HAF A9
71ZAEE 85t 5kl

R

Al
=

ol

=

ARARR] HAR M= /oA 20199 39 A=H
24719 | HARS st A & SA ATAR 7HAet
A7 Aol A8ttt Agol AMSE HAte] AT Bt
A= 0.89+0.12 g, et A7 5.66+0.88 mm, ot o]
L 13.1443.53 cmo| it}

24 Az

Ate) AP 2 B0 AE SO AZE WAkl &
ol3ke 2 et Holdl T 7 L Al 100 ¢ 4 3
HIE.0 Z 1}4=0] low density polyethylene 50 pm ZEof L
Rt T 1.5 em FA19] Z3A] HfAof Hol 0T, 2T 3 4T
of Z2t 1071 &t Agstint. A% 27l vttt Al=E A
o] 5TollA 59 B3 RE 2315 A F 13 SERANE
Shal, A BARE HeEbdte Ao ARl A &
AAlA A A SEBZ AHEkL, A vhet eAe] 0
G2 g o AT T A o] ALsEos, A
W 209 7 Zobee EAteIlch

A AR 7154 Ee 2] AE dotE] sk
HAKS 100 g 4 3HROE Lo TigA 29l Agao]
EQ} Hanfelo|ET} 5% SH-H low density polyethylene
50 ym(”7]’54 LDPE) €Z3} nylon/polyethylene 80 pm
(Ny/PE) ZEol 247} ZA%E & 1.5 cm F719] Z9A] ¥hA
of] gol 2T 1071 52t A5t Eohg A2 A%
S7NEFE {19t 5USH| 13} SUARARS 3 & XS HAL
T AARE & ZARSHIH

"] Soks RARE Hlof ARGRE A Al 119
HiA 7S HEPS WA 0= HARS A|®siae= AAAIR] siH
Aol HARS 40-4858] =5 £ SFEHYY S0 1754
7 &, vipEiRlE AAAm ARs] DA vt
Hes AAstalon, siuAe] S5 S HAe B
of Tl F= Tl o= Aistict. AR Auoll=
Aut T FFEIL, Q19AR1 FHE FHSHA= LS

ARV A Bl Eske-A0] 22 SheA U 2%
7} 23-25C, HE 65% FEE GAEIEE A4 7lend
SR-AST HdskeAE o] A== 25 BdokeA
& AARGAS Asl7| ffste] ARgs 95%9] A8 A%
W= QR0 AbH]d flof HX|sto] FE A5 oH,
ShA S FEE R Es o) A EHO|A =] 22 m
T A AASHT BldskeA U AfRRIATe] Ajuj
off AFARA F2 AMGSHA] Atom, AAFTHE ARESHo]

- O - —-ouvu=
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AR AT S5 AR AL AW A A
QT A s71ol A T 2% BN HAY &
ohgS ZABIIE ZotEl HAF 2, AL thA] Ast
A AT ¥18S 2ABIAT. 13 SRARIAE B
o] wpy, e B4, B9 B9, WF oL 4S5
2AFsto] Ruk@= itk 23 A8EARE Apelie.
2 AR - Be] o] WA, Be) M, 4o] oA
So uhaiste] Balo] AW F3t Aurelito] WA 4
2, HA| Zopul@ol EIAAAL AU B0 B
HLROIAE AN 13 SeERAL] HRS 72 L
AR mate] Figo] dhet A E Bl mjel g
Mg Uehygly, 23 BEEAL] HlEL AT ATl
A1 Seof That 2ok Aok Apelito R AxaHA A
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£ Mnge Yeigly, AAs A8sA Eat Aokt
o & ulAue By Hle Uehigl.

Eo, AR AP ol % AAFLES] THE AJEEA
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g A g1, T/ 5 mLE 4ol TRAYO|A(T25, IKA
Labortechnik, Germany)Z £4f5}0] 4Co|A 11,124 xgo &
42T (Labogene 2236R, Gyrogen, Daejeon, Korea)d}3i
o Ry AHE HAE =4 GEA(PAL-1, Atago,
Tokyo, Japan)Z Z745}o] °Brix® WER I

galg 24

ST B 184 THEL ZHT 45 1 mLo]
S5 oA ) SI4R T HPLCS HEked) 34 E5
2 A5 Sep-pak Cg cartridge2 A2|5}al 0.45 um
membrane filter® oJ¥}3F & HPLC(1260 infinity I series,
Agilent Technologies, Santa Clara, CA, USA)Z A5}t
BAzA0RE AREEH columne sugar pak (6.5 mmx300

M.V TE eWwR T = wry

mm Waters, Milford, MA, USA)& ARE5F 3L, ovend] &%
&= 70T, detector= refractive index detector(1260 infinity II
series, Agilent Technologies)E ARE3IA 1, ME FUHFS
20 uLo]glo™, o] EARS 50 mg/L Ca-EDTAS H713t 33}
FHTE 0.5 mL/min®] £ BASIH 2T g
&% sucrose, glucose ¥ fructose(Sigma-Aldrich Inc., St.
Louis, MO, USA) FZZA(R*>0.998)S ©]8-3) gHils}o]
Ui,

SAHAZ

2 ARoA Lol Ate] FAA D= 7 =l etk B
+ 9 HEEHXE AEESIo] SAS program(ver 9.2, SAS
Institute Inc., Cary, NC, USA)& 01852 One-way ANOVA
= st dolele] Je) 7+ S04 A% Duncan’s
multiple range testDMRT)ZE p<0.05 0|4 A5
23t 9 2@
Ritol 220 U2 Sotg Y d4EE

HAZ 0T, 2T, 4 Col 1071 AgshA] A2z
T2 S0k AR Sl8f 27i ettt Aol &= <=3}

T 1A} SRIERANR R, 58, B3] 52 AR Ad B

Fig. 1. Visible inspection of ginseng seedling according to storage temperature after storage of 8 (A) and 10 months (B).
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At Bojet EA "o = LRSI THFg. 1). 23 RAR=
A7 HARE A S Bol ARt R AXsHA
YSE A ARSI 2AFETY, 12} SRERA|A = A%
4NL7IA] Kz AF2ZEONA 90% o] AR HAto] £
AL, A 671 o] AR HARS] FAo] YEtA]
0T = 63.2%, 20 85.8%, 4T 86.8%7} AASH HAFO
B A T8 A% 870 o]%= 2T WH B
A}o] 79.7%J 2, 0T} -4CollAE 22 42.9%, 48.1%%
W2 AMES HYH(Table 1). SAFAMET, 0T A4
A% A% 27MEEE LdE HAA Soprt ZEA, A%
471 oll= 90% o1 EoPt E et A4 6711l 0T A
AR HlEo] 63.2%%1 Ak A1 5 Fold Aol 53
2 A7) wEQl Aog RAEQLE 4T Sotow
67N 7R = AT HAFO] BlE&o| 86.8%= RAFE| AT,
A7 87) o] 48.1%= A3 o]f7t HFY 20| SIl= 1L
A= Q7] wfiZolH, HAF £29] Fofv 5% -4TA U
Bt HAN] EAE0 S A AR ARSI
HARS SQERAL & S HATRS A ulsle] 24 &
Al2 Sobgd} ARRIMIC = ZASHA ARt Bl&(Fig. 2)=
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ZALSIITKTable 1). 1 Ay}, A% 2709714 &0k 0T,
2T, -4ToA ZH2Z} 98.7%, 88.7%, 89.0%%= RAFEUAGE,
A7} 47\ Dol = ZF2} 74.8%, 80.7%, 44.8%2, A1 671K
= 86.6%, 77.4%, 37.7%=, A% 87|Holl= 38.5%, 69.4%,
41.7%2 A2 Eokgo & Zolg Bk AARI4t
o7 A ARt vlE& EorgET A G| Tidh=
Ao g Yeht A7 47)o] 0T, -2C, 4T 22 60.9%,
74.1%, 35.4%2, A% 67]Loll= 22t 62.2%, 70.6%, 11.8%
2, A% 87fYLoll= 21.6%, 60.5%, 9.0%E FAFE|QJTH

HARE 12} S9bHARRE 23 Sotkg P AYAgEANTable 1)
£ B0 & AXT B4 HEE RARE A3, 0C= A%
47N L7IA] 50%2] S HAFY] vl UL, 2T+
A% 87HD7IA] 50%2] AT HARS] vleS UYERf9loH,
-4C= A7 27071A] 50% oldel AXgt HARY] HleE
eI

2 235 Fofl BAE 7R AohHA ARERIARS A
v %, 2Tl A&st= Aol A% 5 HAS] Sors
Aok, =579 FolE mohHA eFgF o AAst 4= Stk
AL HAh

12

1
R

Table 1. The effect of storage temperature on the growth and quality of ginseng seedlings during cultivation (unit: %)
Storage period (month)
Inspection method Tem?)ér)ature
0 2 4 6 8 10
0 100 93.9+45.8"2 91.148.9° 63.2+16.2° 42.9+5.8° 11.7+20.2°
Ist visible Visible good ginseng
. . seedling ratio after 2 100 96.5+43.5°  952422% 858487 79.7+10.4" 48.5+15.9"
nspection t .
emperature cycling
4 100 97.842.2%  949+32%  86.8+5.8"  48.1421.1" 53.6+17.5°
0 100 98.7+1.2°  74.8+11.6° 86.6+8.1° 38.5+17.4" 28.6+49.5%
Sprouting ratio of healthy
ginseng seedling after 1st 2 100 88.7£1.0°  80.7+7.0° 77.4+7.6° 69.4+59"  67.2+11.1°
visible inspection . . . N .
2nd growth -4 100 89.0+4.5°  44.8+152° 37.7+15.9° 41.7+11.68° 37.3+16.5
Inspection 0 100 98.7£1.2"  60.9+14.0° 622439 21.6+63* 11.4+19.8°
Good quality ratio of 2 100 88.7+1.0°  74.148.0° 70.6+3.7° 60.543.6° 54.2+12.4°
ginseng sprouts
-4 100  89.044.5°  354+14.7° 11.8+0.8°  9.048.8° 12.7+8.7°
0 100 92.842.9°  583+16.0® 41.345.1°  9.7+4.7°  4.0+6.9°
Total good sprouting rate
after 1st and 2 100 86.3+1.1°  72.148.6° 58.444.3% 543+7.8" 282+64°
2nd inspection
Total -4 100 87.7+4.6°  372+12.68° 15.1£1.8°  6.9+5.7° 10.6+£1.7°
inspection 0 0 72829  417:160° 587:5.1° 90347  96.0:6.9°
Total quality loss rate after 0  137L1°  27.9486" 41.6£43° 457+7.8°  71.8+64°
Ist and 2nd inspection
-4 0 12344.6° 62.8+12.6° 84.9+1.8° 93.145.7° 89.4+1.7

YValues are mean£SD (n=3).

DMeans with different letters indicate a significant different within each film treatment by Duncan’s multiple range test (p<0.05). ““significant

different among treatments.
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Fig. 2. Growth and quality of ginseng seedlings stored at (A) 0T,
(B) -2C, and (C) -4C after 8 months.
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Fig. 3. Growth status of ginseng sprouts stored at 0C, -2C, and
-4T storage temperature after storage of (A) 8 and (B) 10 months.

Values are mean+SD (n=30). Means with different letters on the bars
indicate a significant different within each film treatment by Duncan’s
multiple range test (p<0.05). “"significant different between treatment.
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9] Aol= A7t T HAS] BE]A &/do] Wistelr] o
2l Aog Kol 2 AgoA A4 871 oA ARl
4] 85 HlolEl= AAISHA] BUAINE, A7kl B
AR AL T 93t 07 RAREQlOH, 2T A
ol A BE|A B4S & FAAA e 25 A
ek

A F7HA HAarel Adrolu APt diet A=
79 glom, QWi SRR APg2o] mE Eokg ALY
FZolt}. Qi FA9] Eokg FAPIA SAT FHESH -
et FHE Hlolu &ot H7] gt 2= 97X
et AAd), A FH Bk 15-20CfA oF 3774,
23] Frehs 4-5ToflA oF 6004 10028 H= 48
HHKwon 5, 2001; Lee 5, 1986)1 s}9itt. 18v &7}
A RFHAE El97D)e] Bt FAE Ao AU 4-5C
oA ALEL Biold & 1R55t7] Fof ZofstAY i
Sh= BAPEEAAE 4= glo] -2-0Tol| Bieks ZS Aot
1 YTHRDA, 2013). Suh 5(2017; 2018; 2019)9] Q4+ &2}
27 A 8 ARollA= FA7E 370 ol 2Tl A
FH B EE A 50% o) HolstiANRE 2T AollA
+ 15 A dole= FAF /i3lon, 3F Folk Soleo]
70%zF HASIAL, -3.5C ] A A B F S0P} vie-
A zoirtal Barsiglet. QIAk FAte] Wolo] Qlof Fste]
2520 A B 52 et FHERY] A ZA7E A
4 & loH, Ut BA9 B2 | L= SRS SRS
of wet -3.5--9.6C0 Exgcty 5HthLee?}t Proctor,
1996). T4 WE S Al W 50| IUS o Bt
sio] & wff WASHA =, £3] 527} sfo] X&A o=
HHEE o) o FA WASHA EokLee®} Proctor, 1996)1 X1l
SHIT

FAtollA SotElo] Q4] FEIE 7H HAto] -4TojA
A7 A7ie] A|E AJolATt, AXTE FEo} HlEO]
372%2 AZ3 AL 52 IALZANA Z71ZE A=A
SATE W Aos FEHh

Ritol A2z U2 718 1¥E ¥ /2T =
HARE 0T, 2T, 4Tl 10719 32t AsHHA A4
o o 7R 1P E T AEE O sk 2K
7] $1elf 2gutt} BARE BA5k T RAFETY, Fig. 40419}
o] A7717t0] dojdeE B 2EtofA 7MY 1Y
B gefo] J7Fok= Aog RAE AL, 4T AH HAL
9] 7 1= To] 0CH 2T A4 HAtHT I=F
o] A ZAEIHE HARS 1948 Qo= QI4kel YR
9] 50% oVdZ ok 4ol HEOE RAE =Y
(Chang -5, in press), Z&0] A% & DFFE HAE=HA
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Fig. 4. Soluble solid content of ginseng seedling during storage at
various temperatures.

Values are meantSD (n=5). Means with different letters indicate a
significant different within each film treatment by Duncan’s multiple
range test (p<0.05). *’significant different among treatments.
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]t} 27] sucrose T 3.4 mg/g, glucose THF 0.6
mg/g, fructose AF> 0.7 mg/go A A7|t0] sold5=
sucrose RS WE HAL oA 275k AJRS BT,
A7t E25 sucrose Tl F715k0] 0CH 2CH
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a5to] A7 107]ho]l 0Tl AE HAR: 27|Ho o @
2 sucrose TS YEFITE Glucose &3} fructose SHF
w3t A ol AL Fegol FANRIT ol F B
23] Al 4TS Bk 002 4T AYE A
A9 A% VA Bedol B T AR 2R %
I} HIRE S FASIE A% 1070€0] AR,
2T AdE Hato] A9 A% 27197 ot S7RE &
ol FAs] Fachs AFS HArh ES] fructoseH Tt
glucose g9 A7} T HIE Ao® FANESIH
Ak o g 7HEA] sucrose®] F7h= A2 FoRRt Al
B B B3lT, ALUAE SES 99 AL 2%
2 @iHoT Aolse Ao oA rAckerson,
1981; Welling¥} Palva, 2006). T3t &/gitAFo] HkS-stod
AEste] Qg 0 SR giajo] Poigtk(Bohnen}
Sheveleva, 1998; Zeng 5, 2011). Lin Q 5(2019) granule-
bound starch synthase 1, beta-amylase, sucrose synthase 2,
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Fig. 5. Sucrose (A), glucose (B), and fructose (C) contents of
ginseng seedling during storage at different temperatures.

Values are meantSD (n=5). Means with different letters indicate a
significant different within each film treatment by Duncan’s multiple
range test (p<0.05). ““significant different among treatments.
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Table 2. The effect of film treatment of the growth and quality of ginseng seedlings for cultivation (unit: %)
Storage period (month)
Inspection method Temperature
0 8 10
1)b2) b
1st visual Visible good ginseng seedling ratio Ny/PE film 100 9.0+114 0.0+0.0
nspection after temperature cycling Functional film 100 82 247 3 41.0+8.1%
b b
Sprouting ratio of healthy ginseng Ny/PE film 100 4.8+8.2 0.0£0.0
2nd growth seedling after st visible inspection Functional film 100 74346 4" 78.3+414.0°
Inspection Ny/PE film 100 0.0+0.0° 0.0£0.0°
Good quality ratio of ginseng sprouts
Functional film 100 67.2+4.4° 68.7+12.9"
b b
Total good sprouting rate after 1st Ny/PE film 100 0.00.0 0.00.0
and 2nd inspection Functional film 100 56.748.8" 27.844.6°
Total inspection - -
Total quality loss rate after st and Ny/PE film 0 100=0.0 1000.0
2nd inspection Functional film 0 433488 72.2:4.6°

DValues are mean=SD (n=3).

PMeans with different letters indicate a significant different within each film treatment by Duncan’s multiple range test (p<0.05). *’significant different

among treatment.
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Fig. 6. Growth and quality of ginseng sprouts depending on the
treatment of LDPE (A) and Ny/PE (B) films after 8 months
storage.
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