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Packaging Standardization for Biological Control Agents

Eun Hye Ham*, Yun Bok Nam and Hye Jeong Jun
Institute for Bioresources, Osangkinsect Co., Ltd., Guri 11921, Korea

ABSTRACT: This study aimed at establishing a packaging standardization method that allows the maintenance of biological control
agents product quality during delivery. First, based on the results of distribution status analysis of biological control agent products from
four manufacturers, we confirmed that the mean temperature was maintained at 25.6°C (minimum and maximum temperatures.: 18.1
and 30.7°C, respectively) inside the packaging box of each company for 36-48 h. To establish the optimal packaging method for each
season, seven external temperature conditions were set ranging between 0°C and 30°C at intervals of 5°C. In addition, we evaluated
internal temperature maintenance performance for each coolant pack handling method and determined 14 packaging combinations. A
packaging combination that maintained a temperature of 3°C - 9.9°C at each external temperature conditions was considered efficient.
This temperature range is close to a lower developmental threshold at which the biological control agents can survive with minimum
energy for 12 h (direct delivery time), or 36-48 h (general delivery time) after packaging.

Key words: Coolant-pack, Transport, Biological control agents, Packing, Quality maintenance

X E 2 A7 24 258 255 5UAATY RS AXE —’F A= 2 FF3 AR whdsaa) =3 vk WA 471 GAL] A Al
I {45 #8318 B3 AT FiF 8l A8 A7H] 36 ~ 48A7FESF T 25.6°C(H A2 18.1°C, HAL=: 30.7°C)E §-A5H= 2L 3l
sHAT). Al A o] IAHE T53817] 918ke] 0 ~ 30°C 4 9] elA] 5°C HA 0 &2 T 9] R 2wzl S Agatginh g By o] 5
HE YRew X% 71E AN e 1479) TARFS ©23190E 28 TS oRe vzl 2, 4 5 1247 o[ U] ZH vl
% I 36 ~ 484710] AQ B Uuk wiY)TE B9k F gk ouR| 2 A9 AES FAIE 5 e BFIH o) 23 3.0 ~ 9.9°CE
FAE & e TAEFES AT

oy
=
=
f
ok
EY
Mo
S
2
2
rH
o
5]
o3
i
ﬂDi
Jo
N

YA ThE 2o B 9 eHof| v X|= gl Bol= Ao m, Slol AEAPA7 =Y o] F, HA 252
olo] =oJEHA 2HS BAsk= A&7Fse F ol digt 2879 X] = Aol A 718 A, diAlE o] At E A
TAo] ZoE)a It (Kim and Park, 2016; Ham, 2018). 3% Q7| Lol I3F Ayt FLESE] A LE| o] gt Morales-
Zstae] o] 7fg-& 1950t o] SeleFA|E o]-8-31 sll=HHA| Ramos et al., 2013; Ham, 2018).
of whtisto] Lhe.7] Alzkstgl o, T 7 E-2 2 o] o] A ILSAR O] &4 B X o T HE Al AlezoA =
Z WA |of] o] &4} 7|25 3L ItiLim and Lee, 2013). A= A LFOR fF v il 7het 250 S 9 AR
2 WAl ols-ol BeE AIsH] sl A=A HAIJIARE ©f Tt AS AAISHL Stk TRy A 25-9] fsoll iRt

A= A o= v gste] & vEd SR 2 )7

A 71 eI} S o)l A upE-Pack SHEE S A1

*Corresponding author: hameunhye@hotmail.com = o o] 2o 2 I Al o|chL

= = == gle ee, 2016;
Received February 26 2021; Revised March 26 2021 A7 Slofs 749 2 E_o oI
Accepted April 5 2021 Ham and Lim, 2020). =] th8] A& L& UA = el A4]

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




222 3 2ol A A AES M glow), A% =
271 7190e) A el 23101 oIzl ek, el 4
2 AES] $5 AE TPl §5 A B2 wet
S 3 - EDCEEEECES 2
Sl 712447 A520l Aol A7 9leHLee, 2016;

oS w, AP 4] B2 WEA A HAUES WA RH
ke Lo AT = QAL S/ 2] ks 25
O] EE-S ATFA 7= Qo] 7| wjEo]th(Jeong, 2011).
S AH| A SAR RO W2 2015 ~ 2017 Afo]of &)
ulf R Axu] R} 2] A A1 Az 9644, o] 5 kol o
3+ 9] 3)|71 A 2] 38.4% 2 LEFTH Lee, 2020). 3L W5 =
= AR Raloh A 58 AUT 24w s} et
TS5 A e AEErS ST Sl Lee,
2020). w7k Aol E-tal wsf) S SHA o &
L, B Au] s o] 7, B8 1ao] okl A o] 4
1A 0 A7|S Anl o8] Al S makeichy o8] A4
= ARG H sold A o2 4 thLee, 2020). 24|
L AEREZ ukro]| HYAIE S @ 01*1 Ale vjjdo] E]11
ATk o2t o] fr2 Y227} 25°CE e A2 700 Al
B o 34 slck FtlleE N,
U S
2 §AI5He 2 o] AT H. RE WRAHLE ol
M= S FAEIE 8] A5aL o] ofshe] 2ke= Al

oot g gl st £ 5 ol

7] Wj&Eo]tiKim et

al., 2009b). ESE EAF A| AFLE[= B} AE] R E ulro)
R o] kb U5 S Ao]3 QfARE 1Y 4 Slrk(Lee,
2020).

4 2
I AN - 20 B TF B EESE AN

A gk, A S WA AE G AR Tetsiglon], 1wy
R|0) A &A1 bo ThE T jRo] Smwsl, )
2 ol 4 WAt o) 7431 of whe s B EAbus
W 2 33 eftel e LRNIS 5 Bafslel 5 A

23 09 oY Pl Sl R AR L

=L M ME RS 2El

T AH A 55 LS Tfelstol, /o] g AR

204 Korean J. Appl. Entomol. 60(2) 203~214 (2021)

w2317] Sjoko] 47) AAle] WA 2 97|14 S st
7~897 9] A FEF e 1= FAIBHHEA], YE-2
wEHslE 245} 98] &7 2AX|(U23-001, HOBO® Pro
, Onset Computer Corp., USA)E AFA}o]| @ol A A 24814
ZH A BPA= -10°C YEaro] 5U7t By 5 ALg-s)
3“‘1 FAE RS2 7R 7R 328 (data.kma.go.kr)
7|2 A= Rarske] 84 #aL et2gl 29.4°Cof
Z2435F30°C 2 A= Q17| o|EJ(DBO-242, Dae Il engineering
Co., Ltd., Korea)of| s3It} 3t =ilji= A 2] o 14 A
=g OB AT AR HO R AR S AlLfgh A
ol w4 A Q7S Hit 1~2Y q}ﬂo]gﬂ(Lee, 2020), X
o 48417 %‘?_H W#E . ofuf 35713”54

o},

o5

Li&

) 2k %‘i] AAAE YA YDA S
o 7 HE8 A7 S AESr
SN 57 Y XS =E AZI0| LIRS0 0jxl= Z8

Al ol At HIAIE Adstr] flsto] E(21 x 27
cm, Bingo ice®, Bingo Co., Ltd., Korea), 11 35A] Zof &3}
NaClo] g-8-5 New gel(20 x 25 cm, T-pack®, FMS Korea Co.,
Ltd., Korea), 12|31 1.8~ Z2]w(Supper absorbent polymer,
Sap)(21 x 27 cm, Gel-icepack®, Acecorea Co., Korea)7} S+
go] gl visat FA9) AEL ZjSch BE RuAe
10°C W10 ST B T, B 720) | RE BA9)
7330 x 23 x 23 cm, W7 26.5 x 19.7 x 18.8 cm, Kyungwon
Styrofoam Co., Korea)o]] AT ¢ oW, YR r =72 23]
2 7] EA%](U23-001, HOBO® Pro v2, Onset Computer
Corp., USA) = o] ZA3It) A vhAE= 30°CE AA
%l ol5FH| o] EJ(DBO-242, Dae Il engineering Co., Ltd., Korea)
oA A 3HE Zstel om, 12417 HakshH Al 302
Ao 2 ex 2 =A519ch

TYot 2o &5 HEWA(21 x 27 cm, Gel-icepack®,
Acecorea Co., Korea) & AT 2, A-20) e Al7to] 2
BuAe] S ot g A ATFE S5tk B Al -10°C
WETO)A] 21, 5, 10,20, @ 302 RIS HUAS AL RE
BFA(Q]7 30 x 23 x 23 cm, W7 26.5 x 19.7 x 18.8 cm,
Kyungwon Styrofoam Co., Korea)of| 3hL}2] Yo 30°C=2 474
%l ¢l FH| o] EJ(DBO-242, Dae Il engineering Co., Ltd., Korea)
of} 4] 48 A17HEQH HBIRA £ S 44](U23-001, HOBO®
Pro v2, Onset Computer Corp., USA) & AE|ZZHFA Y &



HoIAO0, 21 U 4 - 65 2HgE BAo) AL

2dne] =7 27t HA LR 2R 0|Xk= S
A|E TR A, AlZ2F BYA|21 % 27 em, Gel-icepack®, Ace-
corea Co., Korea) 22| 7 2]7} 3 2.12.82]o] 1] 2= k2
SISk Myl Shbek ARg Sk o], HuISHL 5, 10,
15,20, 225 cm Ho] 7l 2| Ho]| &1 7| 2242](U23-003, HOBO®
Pro v2, Onset Computer Corp., USA)S] AAE Y2 A17] =,
AE|ZE 997 37.5 x 29 x 27 em, Kyungwon Styro foam
Co., Korea)o]] @] 30°C2 A = QAFH| 0| E(DBO-242, Dae
11 engineering Co., Ltd., Korea)©l| 48 A|7FHs-0F H3HA] 30
T tAc s AR YH2=E 3uke SAseIth S &
TrlolE= 2AZF A o & Het gk Foto] 4o ARg-st
ek
HEA LS 012 B710] HEA Ll SEOX(0f DRl 8
A A ks Ue) of 4 ko] UlR 2E sl ]2
S FolstaA}L Al HPA|(21 x 27 cm, Gel-icepack®,
Acecorea Co., Korea)t @ 11 A3 HH 1} 0| k24| (width
550 mm, Roll-kraft®, Eco Life Packaging Co., Korea)E ¢
oA 37t {1l =AY O] RS =E WSk o], &
O] 2HEA=50 ~ 60 em 2 A TSto] =0 & AP LA A S]]
ARESEATE F AT B = BEA(9] 7 30 X 23 x 23 em, WA
26.5 x 19.7 x 18.8 cm, Kyungwon Styrofoam Co., Korea)©]| A
3} 2= 7]2A4F%|(U23-001, HOBO® Pro v2, Onset Computer
Corp., USA)E Y11 Z} 5 cm&} 1 cm o %] 32of] YA E ¢
A ZTE HYAE AFS em ol Ev] ZATEHfA=25°C
2 A= QdFH| o] E}(DBO-242, Dae 1l engineering Co., Ltd.,
Korea)ol|, 1 cm Gojx ] LAFGE AL 20°CRE A% 2F
Ho]E]of] 48A17Hs0 BslHA] 308 7o YHexrs
2459t 2435 L g|olgE 12A17F (HE 02 BHke
Fto] EAol] AL a0, He) 7 3ukE, 2wk 43

=4sh9ick

ot

QIFSEZIN} TYHO| HIA LS SEQXIO) Olxk=
o3

AE 3ZAF A, o[ oFH(50 x 50 cm, 0.04 t, Air-cap®, Glo-
genic Co., Ltd., Korea) A}-8-0] Y5 &= H3}o]| 0|2 G3F

< sholstun 1015@ 0 BEQ7 «22 % 25 om)E A2
t}. oluf], ZAEPHO BHUA|(21 x 27 cm, Gel-icepack®,
Acecorea Co., Korea) S Y= A YR = o 7 0]3}
stglon, HYAE AHE-e fi= 25 7] 5422k em Holxl
7o) 9171 A 7ic. 4ol AR S B 15°CR A <)
FH|o]E{(DBO-242, Dae 1l engineering Co., Ltd., Korea) o] 4]
77 3 F AT 2 ool BEE AERE bl
()7 30 x 23 x 23 cm, W7 26.5 x 19.7 x 18.8 cm, Kyung-
won Styrofoam Co., Korea)o]| @il 71 Qo] L&=7]5%4%]
(U23-001, HOBO® Pro v2, Onset Computer Corp., USA)E
o} walel, 0°C2 HAH Qfullo]Elo] 48X17HE St B
shLA 308 12 0 2 R L5 S5tk S48 L
OBl 12417 2HA 0. =2 atghs oo ofjof 7Y BFglo] 2
Ag ks YRewel wmsiolon, 7k Ael 3uke, 7t
whE 2~ 4] S5l olck

A7) A Fslel, WA 3% $F 71HE v )
o LERlslE 244 Qi 147]9) EAXE Aelo]
Als]of| ARESIITE HWA|(21 x 27 em, Gel-icepack®, Acecorea
Co., Korea)=25, 15, 5 = -10°Col|A] 504t BE= %
o= Aeetglom, AlEe] A2l=1 em E=5 emz A2
3}t olu, &&= 7|24%](U23-001, HOBO® Pro v2, Onset
Computer Corp., USA)= Al 22 $1#]ofl 731

2 Ao A YR 2S AR} L2 LEHIE 14
oll gEAZE ded, 71dAk= 7iH s2E (data kma.go.kr) &] 2
t 7|25 AL, 7] FaL 2591 30°CHE F3HE &
A212Q1 0°CE] Helofl A 5°C 7HA o= 771 & 52530, 25,
20, 15, 10, 5, W 0°C) & L83} X 2|8}tk 5°CLF0°CzA
o] 24 23} Fofl 5°Cofl Euge A A 2]tofl= ool
BEE A8sto] st 7 e eEro s HAE Ql
FH| o] El(DBO-242, Dae-Il engineering Co., Ltd., Korea) ]| 3£

2

-z

AP MRS 4BARHE QY kS 308 (A0 R R e
2 Z4stoch 2 Mel 78 39, 2 0k g3 - 4] 245
gon], 248 LEdo[E 12407 74 0 2 Bighe 5t
o A2 2% EAol 448 4 Yws Helstar

SN

FARE, HYA 24, Y7kt =4
3 Qe 2 s of whE
one-way ANOVA test (SAS Institute, 2015)5 o]-8-5}0] £4
3o, zF B ATlgho] B4 A Z}o)+=Tukey’s Studentized

A A% S ERGS solsl] 915
g
Hl

Packaging standardization for biological control agents 205



Range (HSD) test= 7443}t Type I error = 0.05). H YA
o) Y5717k} 27 5 ApA|7tol| whE R A2 =0 S}
2 U o] §-g7be] Aho] 7} A TpAIZbe] whHE ks YA &
T o] Wizlo] u| X = 9Jgkotwo-way ANOVA test= 527} £4]
shick

el
=L M ME 7S 2EH

AR F-E=AL = WA AE S A1) B W
£ gRRlsty] f1al, 47 A9 S S YsHA & st
48X 7HE0t 0] e sle ZA 5 tHFig. 1). Al 7] AAA,
B, @ C)9] Y B RO A|Lwl 124]7F £k 17.1°C, 24
AIZEFoll= 19.2°C7HA] 27 FARSE el HQITh(124]
74 df=2,8; F=0.96; P=0.4348, 24 A7} df=2,8; F =2.62; P
=0.1521). D GA|= 24 A1 752t Hat 11.0°C, 36 A7 52
F 12.7°C, 36 A|17F ol = B+t 14.6°CE, B AA| 2t FA
O o =25 BAHI2A|7): df = 3,29, F = 5.75; P =
0.0037, 24 A7k df=3,29; F = 13.63; P <0.0001, 36 A| 7} df =

ER

3,29; F=34.1; P <0.0001, 48 A7k df = 3,29; F = 12.49; P <
0.0001). 18Ju} D QAIE 23 BE A2 olA Hat v
2 QA|7H0] 36 ~ 48A|7FEOF WS LR Ly} ASElg o
o, Z|4ghe] oA 2 AET 4= Q= WSl L

A2 A1) F3HATH Table 1)

30

Mean temperature (°C)

G--mmmmmmmm 5 —&— A company
=--¢r=-B company
—e— C company
--8---D company
0 . .
12 24 36 48
Hours after packing

Fig. 1. Mean temperature changes inside the packaging box of
each company, when kept at 30 °C for 48 h.

Table 1. A lower developmental threshold (°C) of the invertebrate biological control agents used for augmentative biological control in

Korea
Family Biological control agent Lower develo?oncle):ntal threshold Reference
Anthocoridae Orius insidiosus 11.8~12.3 Mendes et al., 2005
Anthocoridae Orius laevigatus 11.3 Sanchez and Lacasa, 2002
Anthocoridae Orius minutus 92~11.9 Jun, 2020
Anthocoridae Orius sauteri 10.3~11.1 Ohta, 2001
Aphelinidea Aphelinus varipes 5.7~58 Choi et al., 2008
Braconidae Aphidius colemani 2.7~3.0 Zamani et al., 2007
Braconidae Aphidius ervi 2.2~6.6 Sigsgaard, 2000
Braconidae Aphidius gifuensis 5.5 Ohta et al., 2001
Cecidomyiidae Aphidoletes aphidimyza 79~11.7 Kim et al., 2005
Chrysopidae Chrysoperla carnea 8.0~10 Honek and Kocourek, 1988
Eulophidae Diglyphus isaea 92~94 Haghani et al., 2007
Miridae Nesidiocoris tenuis 10.3 Sanchez et al., 2009
Phytoseiidae Amblyseius californicus 82~11.7 Gotoh et al., 2004
Phytoseiidae Amblyseius cucumeris 12.8 Lietal., 2003
Phytoseiidae Amblyseius swirskii 11.3 Lee and Gillespie, 2011
Phytoseiidae Phytoseiulus persimilis 11.0 Morewood, 1992
Syrphidae Episyrphus balteatus 7.5 Honek and Kocourek, 1988
Trichogrammatidae Trichogramma sp. 10.0 Kim et al., 2009b

206 Korean J. Appl. Entomol. 60(2) 203~214 (2021)



25

20

Mean temperature (°C)

15 1 1 1 1 1 1 1 I 1 1 1 |
05 15 25 35 45 35 65 75 85 95 105 115

Hours after packing

Fig. 2. Mean temperature changes inside the packaging box
filled with different types of coolant-pack, when placed at 30 °C
for 48 h.
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at 30 °C for 48 h. ** indicates a significant difference between the
means (Tukey'’s studentized range test, a = 0.05).
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Fig. 4. Temperature changes inside the packaging box in the
case of different distances between the coolant-pack and the
product (or data logger) when placed at 30 °C for 48 h. * indicates
a significant difference between the means (Tukey’s studentized
range test, a= 0.05).
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Fig. 5. Temperature changes inside the packaging box in the
case of different packaging distances between the product and
coolant-pack (A: 5 cm, B: 1 cm), and packaging methods with or
without an empty space in the packaging box (external tem-
perature of A: 25 °C, B: 20 °C). * indicates a significant difference
between the means (Tukey's studentized range test, a= 0.05).
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Fig. 6. Temperature changes inside the packaging box in the presence or absence of a coolant-pack and an air cap (A: with coolant-pack, B:
without coolant-pack), when placed at 0 °C for 48 h.

Table 2. Mean temperature (+ standard error) of the different packaging methods inside the packaging box kept at different external
temperature conditions for 48 h

Outside Temp.  Packing methods of Internal mean temperature (°C)

(°0) coolant-pack” 12 24 36 48 Mean = SE
25°C, lpc, lem 12.3 £ 0.5d 5.7+0.3¢c 3.1+£0.3b 2.0+£0.3b 5.8+ 0.3¢c
25°C, 1pc, S5cm 8.6+0.2¢c 3.9+0.2b 2.1+0.1b 1.4+0.1b 4.0+0.2b
15°C, 1pc, lem 7.9 £ 0.6bc 3.8+0.3b 2.1+0.2b 1.3+0.2b 3.8+0.3b
15°C, 1pc, 5cm 6.1£0.3b 3.2+0.1b 2.1+0.1b 1.7+ 0.2b 33+0.1b

0 5°C, 2pcs, lem + air cap 8.2+ 0.4c 43+0.3b 2.4+03b 1.4£0.2b 4.1+£0.3b
-10°C, 1pc, lem -0.3+0.3a -0.1£0.3a 0.0+ 0.3a 0.1 +£0.3a -0.1£0.3a
Df 5,17 5,17 5,17 517 5,17
F 102.4 51.77 20.43 8.34 56.7
P <.0001 <.0001 <.0001 0.001 <.0001
25°C, lpc, lem 11.7£0.5¢ 7.8+0.3b 6.7+ 0.1b 6.5+0.1b 8.1+ 0.5b
15°C, 1pc, 1cm 10.1 £0.2bc 7.8+£0.2b 7.0+0.1b 6.7+ 0.1b 7.9+0.2b
5°C, 1pc, lem + air cap 8.7+0.8b 7.7+0.8b 7.0 £ 0.6b 6.5+ 0.6b 7.5+0.7b
5 -10°C, lpc, lem 41+0.2a 39+0.1a 39+0.1a 3.8+0.1a 39+0.1a
Df 3,11 3,11 311 3,11 311
F 4591 20.27 20.11 21.87 28.85
P <.0001 0.0004 0.0004 0.0003 0.0001
25°C, lpc, lem 15.0+ 0.4¢c 12.0 £ 0.5¢ 11.0+0.5b 10.5+ 0.4b 12.1+0.5¢
5°C, Ipc, lem 9.1+0.2b 9.8+0.2b 10.1£0.2b 10.4+0.2b 9.9+0.2b
-10°C, lpc, lem 4.8 +0.5a 4.8+0.5a 49+0.5a 5.0+0.5a 49+0.5a
10 -10°C, 1pc, 5cm 6.2+0.1a 6.3+0.1a 6.2+0.la 6.3+0.1a 63+0.1a
Df 3,11 3,11 3,11 3,11 3,11
F 167.8 83.15 75.08 71.33 95.62
P <.0001 <.0001 <.0001 <.0001 <.0001
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Table 2. Continued

Internal mean temperature (°C)

Outside Temp. Packing methods of
(°C) coolant-pack” 12 24 36 48 Mean + SE
5°C, 1pc, 5cm 12.6 £0.7d 14.3£0.3d 14.9+£0.2¢ 15.1£0.2d 14.2+0.3d
-10°C, 1pc, lecm 7.3 +£0.8¢ 7.2+ 0.9bc 7.3+ 0.8b 8.0+ 0.5bc 7.5 +0.8bc
-10°C, 1pc, Sem 9.2+0.2¢ 8.9+0.2¢ 9.0+ 0.2b 9.6 + 0.4c 9.2+0.2¢
-10°C, 2pcs, lcm 0.5+0.5a 0.9+0.3a 1.1+ 0.4a 1.4+ 0.5a 1.0+ 0.5a
-10°C(up)+5°C, 2pcs, lcm 43+0.2b 6.4+ 0.3b 6.9+ 0.3b 7.4+ 0.4b 6.2+0.3b
Df 4,14 4,14 4,14 4,14 4,14
F 71.04 102.3 117.13 142.39 113.99
P <.0001 <.0001 <.0001 <.0001 <.0001
5°C, 2pcs, lem 8.6+ 0.3¢c 14.4+0.3d 17.3+£0.3d 18.6 £ 0.4d 14.7+0.3c
-10°C, 1pc, 1cm 8.3 +0.7bc 8.5+ 0.8b 8.9+ 0.8b 10.0 £ 0.8¢ 8.9+ 0.8b
-10°C, 1pc, 5cm 11.4+0.6d 11.7+0.5¢ 12.9+0.4c 15.3+0.9d 12.8 £0.5¢
-10°C, 2pcs, Sem 1.8+0.2a 22+0.2a 3.1+04a 49+0.7b 3.0+£03a
-10°C(up)+ 5°C, 2pcs, lcm 6.0+ 0.5b 6.9+ 0.6b 7.4+0.7b 9.2+ 1.1c 7.4+0.6b
Df 4,14 4,14 4,14 4,14 4,14
F 53.5 80.02 98.66 45.01 71.97
P <.0001 <.0001 <.0001 <.0001 <.0001
-10°C, 1pc, 1cm 8.5+0.7b 8.5+ 0.3b 9.1 £0.4b 12.4 £ 0.4b 9.6 £0.3b
-10°C, 1pc, 5cm 11.9+£0.7¢c 12.0 £ 0.6¢ 13.0+0.3¢ 16.2 +0.9¢c 13.3£0.2¢
55 -10°C, 2pcs, Sem 3.6 +£0.4a 43+0.3a 6.0+ 0.3a 10.6 £0.7a 6.1 £0.2a
Df 2,8 2,8 2,8 2,8 2,8
F 77.26 76.17 104.97 16.46 170.77
P <.0001 <.0001 <.0001 0.0037 <.0001
-10°C, 1pc, 5cm 11.6 = 1.3b 12.1£1.5b 15.7+1.0b 23.8+£0.3¢c 15.8£0.9¢
-10°C, 2pcs, Scm 4.4 +0.9a 53+0.9a 83+ 1.1a 15.6+1.3b 8.4+ 0.9b
-10°C, 2pcs, lcm 20+0.1a 2.8+0.1a 4.8+0.3a 92+ 1.3a 47+0.3a
30 Df 2,8 2,8 2,8 2,8 2,8
F 30.64 22.04 37.75 47.54 52.53
P 0.0007 0.0017 0.0004 0.0002 0.0002

DStorage temperature and quantity of the coolant-pack and distance between the coolant and product (or data logger)
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