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Packaging bags and corrugated boxes prepared from newly developed antimicrobial packaging paper had
greater ability to prolong freshness of packed fruits, and lower weight loss of fruits and microbial growth than
non-treated bags and boxes. Addition of zeolite to paper greatly increased absorbance of aging hormene, C,H,,
emitted from stored fruits, and contributed to decrease in putrefied fruits during storage. Water repellent agent
such as alkyl ketene dimer played significant role in preventing functional paper from absorbing water from
stored fruits, leading to preservation of fresh weight in stored fruits. Because rise in production cost of functional
packaging paper could be offset by reduction of fruit and vegetable wastes, storing fruits and vegetables in
functional paper containers was more economical than storing in non-treated containers.
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gl AHE-Ex152E(Grapefiuit Seed Extracts, GFSE)y2 A<l
AF BHEAZA FUAT AME H7 19 EdolT, 539
AAel FAdo] gl 2oz IR W& &8 7H7F o)
¢ & Aoz 4P B APoME GFSEE FHU8E 3l
e FES A% F7F BFE ket O 28 39
o] ¥ AEA HE s EZ(Botanical Antimicrobial
Agent-GFSE mixtures, BAAG)E 7Wdsle] 3t X4 Ao §
L34t} 7t &2 A 852 AgEHe Ve EFEe
Agte, 1FF 2RAL, AL E, @49, KMnO, 5(8-9)
3 728 okt AZEC] TF W] 7kE A, g skAe
FE 52 2Aske 715 FYgth 53] ALTolE(10E
U9 E gt Y FoklA Mg Wol 3EEHE AR
AdHA Jded, HEHQ A8 EH Agzeolites T TY
AlA BAE S A, B e At o)idsteae] &
4 9 e 59 AR 2 Hs v-g oA, FAFIH
Wshe 4] 3289 oigdrkee] F5, AAE B8 =4
H4 A 5o EHE oA xFE FAFe A=rt
A&HO 2 FAHEE ) £ d7MT 7HF o] ARE A
A AgTolEE G FAAF7E BEdhe o€ 7hL, o]4ks
g g Ak 58 F4, AATe §x22 AT £
24 FAFI B3 SR S4L AT Fo|7) At X
Aol U4 FES A gubgog AA8 st
AEe AllzAhEe 27 Age] A AlRlZA], Alkyl Ketene



SR LA 9} TR A aFe) HeHr} 365

DimefAKD) ¥ Alkenyl Succinic Anhydride(ASA)S} Z+e %
4 Alol2A|, G2 o g Fo] Bol ARSET) VM 2 &
A2A AEggo] goldt Exl BT H{E AMSs) wEol A
g8 g e WA e g2 ASL wiAE
A, B 2] A|2H] BAlg fulshe 4H] Alo| 24 A%
S A AT BE vhAE YERe $4 Alo|xAl
AKDE ¥% &R ey Bo X0z $-83% 7%
4 X A9 AR QRS AA A Wy AM-E £
o #xfF H2g Hoh g Eet fAANG F Utk A% ¥
Hege A Wi AP F7IFHe At tiy)
AR tE2A &E, §&, 7124 yRE 2dske A
% 231 CA(Controlled Atmosphere Storage) ' (11), AAkA
AL CAARIY ALFEEE 2-3%NA 1.25%2] A4kA A
HE2 dtd AAske AL A, 4% EekaE UE 5o
2 RS ¥R E UEY VAT AdaRy
WA 7RSSt FFO) ot AR 717} 7l
v dA3A getA 7] W& )R & HAse MA
(Modified Atmosphere Packaging) ®H(12,13) 5°¢] ot 3A
A We] AEg B3l ARe] JdE EF AAe &3
7F AUE 2FE 4 A=FE Sk €A 81 548 A
T fAE BHo2 AF ¥ ¥R (paper packaging bag)t T
2] ¥ A=Hcorrugated packaging box)ol 7154 FES A
g3le Zle el B35 AFe A olFR|R] ¥a At
A B AFeMe S8 FAF A € 85 1§
¢t HRE S, FE &Y, 3F AEo= 3y FAlF A
Z7l A= AE HATeZ Fo)7] fstd 2R A A
ZA 7154 32 A, AgTelE § AKDE &30 % A
gshe 7S MEEaa s B 978 3l e 2
7154 R 4Ae ¥ BAG FWA R o)d oy
o o] &3t FHAF, AE, HU4E T FA REL T X
ol &8t 3t

Mg W gy

BAAGS| =X

B A 389 A AEA dudAde oo g
Hel F3t9 F&, FeeFsAt &, T4 AEE 7Y
o 2 A&HE BT FAES FA% 60-70°CY AR
oA drum-drying& 3sld AZXAIZ] F, milling systemlE
80-120 mesh 2712 FHSIL RS HXE ©)8381 glycerine
€ FEEME A% FE3, 2ETYANA ABZAFEE
(Grapefruit seed extract: GFSEyS- 38t} o)¢jzto] F2 2
At FAFZE lactic acid 5%, citric acid 5%°] HEE &
g, wtely gAsshe 3ge vHEE ohd, 50-80pme] =
d SE2 AT aukEtd dojzl 2 EL HEA HAY
@A AH-3F 2452 B4 Al (Botanical antimicrobial agents-GFSE
mixture: ©13} BAAGE} ¥ $d Aoz ARgENT,
ol dojxe HALFAEL A9Jilo] RAEE T4
54 25, oF, A7 59 =4 doir EFAAD W 9
& AR AAElE dAg e A Fo] HES 9o, 7
T4 LAY g AvHle 7] 99 50%9) CaCOoy(3
EHNEER) 50%2) 2AHEE ZAT EUREL A¥goR
AHE-3I

Liner

Corrugating flute
Fig. 1. Single wall corrugated paperboard with A flute.

Fig. 2. Antimicrobial paper bag for item packaging.
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FUA] Al A fAEE NG Y8t 28R AR
& AzsAct. A7z &A% SSBA 2)2)sle] S(flute)
FHE AZE 39 23X23X2ceme] A2 qF AAE A
Z8 R Fig. 19le & Aol AR YH T34 (Single
wall corrugated board)®] 7+2E BT e, ol Fo
MeE 28A At ¢ B sigEhs oA elodd) g A
28 2 YAE AHE-E)

B 2 ERAE AT g9 T BA(BEL)E Fig 29
UERd wle} o] 20x10X23cme] 72 AFEAT, AA
EFL QX Yeld Fo] BR|9} 7t

2E WX[e| gh3¥ A|fY-Paper disk method

Foid 2 By T4 a5 dE ¥4 949 gahe
&+t A 2¥ paper diskE Brain Heart Infusion Agar(BHIA)
plate 3ol HEAA FA 29 FAEE v w3l PS8
AEE £ paper disk methodE ©|-8-3}4T}. =, uyptic
soy agar(TSA)9] slant media®l] Wiokg SAIZF 1 Wgo)E
3} 10 mL tryptic soy broth(TSB)| HE3}, 30°ColA 244]
ZHE?t miekdt ¥, 4 FE(105 uygmL)E A8 FIAFF F
|4 0.1 mLE AN 31Fe Az $47} 5-8mmel BHIA
plate’del Fts 7Y {2 FAsH €93 oL, A
ZlE €3t T4 9219 disk& BHIA plate ¥ ¥l 30°C
X 48-72A17F BE WY F disk T Q) 7o AS A
=g vlaste 3rE e Pyl

g ZH X9 oW Jt& MAHE AME
R gA 9 ks FF 52 AYs] S5t 1,000mL &
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Zol g YAE FFo) ¥F YAE B BT F
o] upjoll BAFE 7t FYFE T dA FEY A€
7}AE gastight syringeS °l83d FYIATt Al we
R 9X 9 odArta AA &L £F 44X £ e
H 5o JjEgdllrk: Fx HEE Gas Chromatography(Model
860D, Young-In Co., Korea) E3td &4 3] AAslTt. ©]
) A3 columne CTR I(Alltech Associates Inc., USA)oI™,
HAZ71E TCD detectordth. 289 2 40°C, JHHE
70°C, ZAZ71€ 90°CE 3P, 4t 7|A 2 AMgg EF9 olF
£5¥ 40mL/minZ 3}

e ZFX| e xF MR MEE ZhEe| MT "It

B A7E 3 MEE Jed B YA Az FHA
“$3Hcorrugated box)9t ¥ 8- (packaging bag)ll IHFE X
Aale] ARt} o] T FEEC] HAF A= vlXe
F3e AR AlEE FAFEE Al B8 F2 32
(Citrus unshiuv Markovichy& ©|23t5 3, M3 270 2% 10
12°C, §5 50% ZZNA AA717F st A e A
Az H3l, e AL el §<t 78 58 sk o
23 43 JiwE 3 TF YAV ZE] 2 sHeE
olgd W 93] e MEE 4AT £ Jde TEE AW
B7he] SRR dsly] §13 Aotk ©e] 238 £ &
Ao MAEE 229 e 1070E s16a, F/A A
AR e 72+ e 20002 SRk o) 24X 7HS 1R A
2 @92 sl uE A 79 AAF HEkE 3438
e Axg HEka

A HIHE(%) =
Hz 7239 FA -dA 717 Aae g A

3z g2 o
sl vy - B SRS A %
s H S 00 =
HATE A = me A &
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BAAGZ} M7IE ZFX|9| #n® AlH
AEFASFEES Ve FF T T AdEol E5HE BAAG

g X3 A E A8k ARl A Tl el 0, 3,6, 9
2 12% 2|3 ¥R 9| gAY AP A7t Fig. 3 2 Fig
4o Yeh} ok Fig. 30 vepd vie} 7o) #aiFe] wsfol
#oshe F%0) Fusarium sp2t 8% Candida albicans® W3
ol BAAG 3% H7b FEolXe UehdA] 4%k, 6%l
MEE gt B4 AsEe JehdZ] AREKAT J7HE S
THAFE 7 B4 AsiFe] tS FREiAe A d4A #F
g ¢ 9y, FEole 7 BFo 7Ed dwdg Yehid
th. B3| Fusarium sp 3t T 92 FHE o 4 A3
glo] ull-$- WA el Bt ot o] it £F
2 gt o] A7t WEs] Ajol& JERI Atk BAAGTH
A7He sk 2 4A7E FHolFell dEl oS A3 ahhr 8
e Holg AoZ AU oleigt 3t ¥4 9A9
He mAg B2 Fel2 AZE BAAGZE A Aol EHFo
2 sl o €4 32 RS ANl E8HeR
Ag317] wiEel Ao AEdEn v ¥ AXE AxE &
o ¥4 “AHcorrugating box)tt ¥t X7 B-X|(packaging bag)
vy Folu ar9 @48 At HAFY A= &
Aol 4Ze 718 & Fleloh. Fig. 494 Be uie} o] W
A3 AFEQ Grame#Sol tigh 35t A oAM= FHo &
29} ket A g AE 7 UAAT, Pseudomonas aerug-
inosas A 9HLE BAAG A7HE 3% Tl FE St 24
& Jeh7] AlEBk] 6%E A4S S Hadol U HE
A Wzt &, Ae T4 FEFES THARSE 39 Az
3 BAAGZE 27 9ol H7HEUE de FFoljeh SR b
A HAdg AaFol tatd o A P S verd g
ouste Zojth o7& BAAGYF ©edt dAAlFU A ERY
FAT AMSE F e Aol ofet ookEoly 7| W}
47 dojd = Q= BEY X AMREE AR ARd=
AEE AR E HAFE FHh 9] AAES T8 B
o A F £ F Aot fF Foll It B A EF2
gho|U)E AzE FWA At gt AR IS S
FA 7] HAE dod F e vINEY 4L Ao 3
AR Hx /RS E3E £ dE Zle=E Hrh

Himalo|eel BAAGY| X228 XE flX|o| &a¥
A 3FAQ BAAGS 7H E3 AAAQ ALo|ES

Fig. 3. Inhibitory effect of packaging paper treated with BAAG against yeast and fungi.
The numbers on the specimens show the addition ratios (%) of BAAG from 0 to 15% based on an oven-dried pulp weight.

(a): Candida albicans, (b): Fusarium sp.
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Fig. 4. Inhibitory effect of packaging paper treated with BAAG against gram positive and gram negative bacteria.
The numbers on the specimens show the addition ratios (%) of BAAG from 0 to 15% based on an oven-dried pulp weight.
(a): Staphylococcus epidermidis, (b): Bacillus cereus, (c): Escherichia coli, (d): Pseudomonas aeruginosa.

FAO) AEdte] A2 T 49X 33 A A=
Fig. 5¢} Zt}. BAAGS} A gelolEe] #U) v]&2 ¥4 9%
& TA%ke 9X AR Ad FF@el sk 42t o, 3, 45
2 6%t Fig. 5914 E+= ule} o] BAAGS} A &elolE9)
A7bEol 6%Y WRE MK AHsdo] FAHI] AFsld A
VS 9% 2 12%E ZUHESE A gy =717 AR ®
 EA g ks FAEE Foslr] fJdle] Al&alo)
Egl BAAGE Bl AEldAge A &eloleR Q3 34
Ase] 7Tt M dojubx] e-g 9ol mepx] B A
T& 53t BAAGS AgeelEY BA HHE 53 1%
4 g 23 4R ARV b A1 5 Aok

’lsd ZEX|Q JiA NHE B

2 ARl AFH fEEHE ANF AxEs AAFY
A% 2 frE Tl AT TFA 3 R Ee oAt
2, olabsieha o A4l WHI AYo] Qi) dukyoz 3
AFe FoE] ¢ 2ol B Pz TFHEL AL
o] =g ke A E, CO, dgdriae) e Hy
AEES WEUT we £ Fo] FAE o Ryt
2z Tl 3 HAE Astd dPERe] #ay AR F
4 Aste] dF-E2 3F Z8o] dle] Ak o)y F 5F
A2 THEARL RE, 6%, IVRA, nAE, 9, niga
A2 BP0 o3 FHeH0, 2 FoME 2xe] FFo)
7P & Aoz dEfA Aok zEiy SR A7 Etele

CA(controlled atmosphere) S MA(modified atmosphere) 5]
WRlo® A 279 &%, §&, 37 AL WA FAA
o AEE ok AT FXANE F YA £F SdE O
3] 2ot Fx 2 oEshs A7 o)) wE
7 24¢ 2E3= v oEle FHeln wEM 5%
o EF 59 HaEgs dsd 184 £F =79 F
HA 47y ARgEn 7P A Re 58S weiE
F A WA M 2 AAE Al e fAE &
Ratofo} & Fojt}h EEhiY ¥WE ¥AFNE g WA X
F e A7 A R AAlEks ARo] AW Er)4o) u)
+ ¥7] W] FAAF F EL ASHOE Yoy §
oomEA AT 2 /F Fol Hulyd 2 HYA nAaEe 4
=& AN &F ZLol o8 WEEE sk AAN &
FHe g ooz FWA] AR}7t ARSElejof FTh Table |
2 BAAGSH AME2olE At wE 7154 ¥ 99 &
7] % (air permeability) @ F¢X-(water vapor transmission rate,
WVTR), 22|32 Ag@7kse] F3& Hsles RoEc) 7154
FAAR Y] g 7k AALL 122ppme] oEA A
EZ 9A7F B9 v 7t 2| BAE . 4A7 olF
of FF3L Ue A 7129 %S vekd Aolth Jgal
7h=ol thk AEE FEhed AbA F ojibksbekaol thEk F3
AAEE A F532A U Table 12 BAAGSH A28t
°lE HrlF F7kl wE F71x9) B4580 #EE Vel A
olth. Table 1914 B wle} 7o) 7154 A9 ¥& F7)
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Fig. 5. Inhibitory effect of packaging paper treated with BAAG against putrefactive microorganisms.
The numbers on the specimens show the addition ratios (%) of BAAG from 0 to 12% based on an oven-dried pulp weight.
(a): Bacillus cereus, (b): Pseudomonas aeruginosa, (c): Fusarium sp., (d): Candida albicans.

Table 1. Effect of BAAG and zeolite on air permeability, water vapor transmission rate and ethylene gas adsorption rate of packaging

paper
BAAG+Zeolite Alr permeability Water Vapor Transmission Rate  Eethylene gas content after 24 hr
(%)" (sec) (g/m’ * 24 hr) (ppm)

0% 165.2 350 10.28

6% (BAAG 3+Zeolite 3) 62.2 723 9.30

9% (BAAG 4.5+Zeolite 4.5) 53.8 920 8.00

12% (BAAG 6+Zeolite 6) 318 1065 7.66
YAddition rate is based on oven-dried weight (g) of pulp fibers.
Aol we} 23 942 he] F=o] F7kte 100mLe] F7] 2E Bfsl she i Ay 9ed "ok Fig 6l 7
7t 23 AXNE EHshe AHE, FIEy Ak e B A 3 A AR 7t AA £88 vEded, 93
4 Atk ol e -‘?QE(WVTR)"ME dojrp=dl, F e} 7i2vt £90E ¥ Sl 7 AAE ¥ol 24| At
Srt SoEg WAE Adel ol ¥ WA Foldel ¥ rk: AREE GOB Saio) 4 4 Uehhat 715
P B4 28% I Sk AoE ¢EA e, A A7NE, ALl Eyt A7bEA oL vt ¥4 9449

Table 194 $UF Bao] Uphbs A 44 SAY 5
szt oliz 7154 BHASY BAKGS Agdiol=s) Al
WK FaATe) PE Wl RE Aol FFE 2
AN %u}. IR FIE Aol 0 5200 14711
gsel AR £F I BN 483 PUpl she 2

& ABan meb sl B BEe) 4REY 29 9

NE AzHAE W AT M w2 P s
of Yojipr] wol X3 Uxe] AZA FAFE EF 3

28 Ezlo WEEE 7FAE AASEA A FAxFY £

7Agol 01‘* A% 7k ol gdavt oA, Aol
Eo] H7i=EwA sk ke Zhavt wMiEA e HAL AE
gholE7}F A7ER B A9 Afee T 9A Yol ¥
g FEe T3 Aol Fage] 7k YR TR 7t
2 gge] At dojd Aoz Helrh a2 Al&eto|EY
| AF - Ee5o] 1,000mYeoll o2 i
ol Yo Fude e AFES /7] | ol MTEg

3 BRAEo| &3 A AETH14,15). wetA] o] g A&t
P EAR Az Al AR 7R AAC o f-831HA
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Fig. 6. Effects of BAAG powder on ethylene gas adsorption rate
of antimicrobial paper.
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HA Az Aol wet 7hs 23W W) skA FES) s
A Aadhe 2 B F Atk 018 58 23 49X SR
o M=o fald 7128 FF - AASNed AgFoE o)
g 7 2SS A=A

23 ®X|(packaging bag)oll XEE & ME HI}

9 ¥(item packaging) R ZVA Al TAE o] o
4 AR 17 ARE W rlAEe] HARUETIE 2AVEY
o e A fFe A BX9 ¥R AAE Fo] 89t
£ B3 AR, vAlEe] E F9 TS Ao] W
&8 ANs] #7189k Fig 790E @9 ¥4 AgolA 15
d B¢ AFE BN el v B A ST7E #d
Azlelth. Fig. 79 (a)ollAl B vhe}l Zro] BAAGH Al&gto)
EE AY HrleiA 4o Qi 34 UK 2 A2 ¥ B
© Az §A4 T8l A9 dRHA] o} F9 AFET) uf$-
FaEle] AT wEhA AR A HY F9 2do] wm T
Fololl 290l 2o} AF 7HA7F A3 AEHAc) Fig 7
9] (bl vERd BAAGSH Al&elo|ES) Zhzt 3% Hre
23 A e FAE duncke 29 A4 At dsst
[AT F9 Wyt 4] A= ARG 2EHU RaQ
29 dele Fxg X3 B ARE Rt £2 {4
o] A Al dojvhe Aoz Hujlo thik A3Ado] iy
7] Al Rog FAHHJY. X4 9A]9 BAAGS A-Lato]
Eo| H7tgo]l 242}t 45%4 H7FEHdS W A 29 A
7} Fig. 79 (¢l YEelt lot. Fig79l () (bpia] 1ozl A
Je gE AR 29 At vl$ g3ty AdE 29 A
T A3 A A & F vk Fig 79 (oM Ee ut
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Fig. 7. Mandarin oranges in an antimicrobial packaging bag stored for 15 days.
(a): Control, (b): BAAG 3%+Zeolite 3%, (c): BAAG 4.5%+Zeolite 4.5%, (d): BAAG 6%+Zeolite 6%,

Table 2. Putrefactive ratio of mandarin oranges in an antimicrobial paper bag for 15 days

Control

6% BAAG(3)+Zeolite(3) 9% BAAG(4.5)+Zeolite(4.5) 12% BAAG(6)+Zeolite(6)

Putrefactive ratio (%) 50

40

20 0
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Weight loss rate (34)

Elspsed storage time (day)

Fig. 8. Rate of weight loss of mandarin oranges in an antimicrobial
packaging bag stored for 15 days.

9} 7ol T YA BAAGS ALH|EE ztzt 6%% H7)
9E de AF FolA walzl A dojuA] Wk AF
%719 el a2 7H2Ee Yt wEkA] BAAGS A&
glojEZ T4 9X9 AP3AE W= BAAGY &3t 3t
ol Raoj5 7 A gelo|EY 9sle &4 S2ESI o Ed 7t
27} &3 AAHEA AF Fo] HHHY] H& B AA
"o} ubHol BAAGY Al&elolEE XelahA] 2 duk X
Bao A5 Fore odd 7MAE RS F9] 3F &
22 Eilo] WEHE CO, 0, 59 FEo] o]FAA o}
2 %379 dils sl Wy vAEe AES FU A
o2 welth oy AR F7o] MAY CA%F 722 Hi} A
ojgl 7 oM 71ed T YAR AzE X e F
< F33 71eF FAF7E 2RO AFEYE oS 5% A
T fA 8L 28T & g Ao FET Ut o
o] A3E A5t Table 20 7 ¥TF YAE AxE 27
B-A)(packaging bag)oll = AAE FE59 Wl &S e
WSt Table 2 2 Fig. 791A B vie} o] WHulld 9] v
&2 BAAGS} AlgElo|Ee] A7} Hlgo] FI1E 7HAst)

Fig. 89l T4 BX|d A&AH &o] Ze WA 5% 74 E
(weight loss rate) ¥3E Jehd zefxo|ct 7 A7k} 7}
o wel BAAGS} Algeto|Ee] Ao AARle] dEHL
2 Fo AAF Zart dolwAwh 79 BEst AA3EA
BAAGS} Al&e)o|E9 A Ao wEpA AAF 7age]
Ax7t gakx]7] AAsEIET. BAAGS Al&atolErt 242} 4.5%
ol Hrtd ¥ EXlo AZH 29 AAFS FAY 3%
A ag)d £ Bxo) A" Fo AT vste] A A
=71 AR A9t ols AF g9 Hurt A3 AyHe F
A2 2 6% EF BRI F A8 2 3] 23 o] 4lEA
FHHEA AYAF S48 FA & Ao Held ojgd &
AHe Table 1914 &<13 4 ASLH

FX| Axol MEE @o| Mz B}
BAAGH AlgelolEe) A2] 2ol whet 2uH A 7

Weight loss rate (3¢)

Elapsed storage time (dsy)

Fig. 9. Rate of weight loss of mandarin oranges in an antimicrobial
box stored for 15 days.

2009 28 EA3S 15Y 5% AR F Fo Wy A o
AAZ A 2ASIS Table 37 Fig. 9ol VehAUch @
A 23 BA dfea 7] FAE] IHA AR AZH
o] 71 A3 W8-S JeRAUIL, BAAGS Al&EolEY
HEFe ZT/MAEFE Hu g9 AEr} ol T B
Z|(packaging bag)ell HAE FEo vlsir] FHA] Al A
A9 29 Hygo| i ¥ AL & F e, ol A
Aol A4 25L& 7 ARG FH HFste @y o)
AE &L Y AAY = AT £F AAFHFE 200
gm)ET FAHO o] EF F FA4F Fgo| wEA oy
ZA9 dslE FA3Y7 giEeE Algd). ubHd X
Axboll MAE FELS AF Fo| AMgvt B dEe) 2
o] (antimicrobial liner)?t A3 HE3HA Edhs FE°] EA
gl ol2idt FoARE wsrt Y Hoz HY, F9
Wi go| /M AA dojve Mg 27L& 27 §A9 =7
4 rl7IAZ BAAGS ALT|EE 747} 6% Helsle] A
Zg 8 AR Fig 914 B vleh Z2o] BAAGY A
el EVt 77} 45% o] AEE o ZolvR Azd =
A Aol A" Fo YA FA) 3% Age F
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Table 3. Putrefactive ratio of mandarin oranges in an antimicrobial corrugated box for 15 days

Control

6% BAAG(3)+Zeolite(3) 9% BAAG(4.5)+Zeolite(d.5) 12% BAAG(6)+Zeolite(6)

Putrefactive ratio (%) 35

10 5
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