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Number:CCMP96-RD-001

Study on the Effect of Irradiation on
Functional Properties of Packaging
Materials for Chinese Medicine Herbs

Lin-Huei A. Ferng

National I-Lan University

ABSTRACT

The objective of this work is to investigate the present status of packaging and
storage conditions for those traditional Chinese medicine herbs (CMHs) required to
have completed packaging and labeling which is proclaimed by the committee on
Chinese Medicine and Pharmacy, Department of Health. Ten of those traditional
CMHs, including Rhei Rhizoma, Crataegus Fructus, Ligustici Rhizoma, Salvia
miltiorrhizae Radix, Paeoniae Radix Alba, Ginkgo biloba, Armeniacae Semen,
Bupleurum spp., Citri Reticulatae Pericarpium, Scutellariac Radix which had been
studied about the effects of gamma irradiation on microbial contamination, were
selected to study the suitability of packaging for irradiation processing by gamma
ray. Twenty commercial monolayer and multilayer flexible packaging materials
were chosen to studied the effect of irradiation on mechanical property, and
appearance as well. Gamma irradiation was performed in a 30,000 Ci cobalt-60 hot
cell at the Nuclear Science and Technology Development Center, National Tsing
Hua University. Specimens were exposed to two doses of gamma irradiation (10
and 30 kGy). The result of investigation revealed there are two major commercial
packaging for the ten CMHs, paperboard box with shrink wrapping and plastic bags
with monolayer or multilayer film. The box packaging could not offer properly
protection for the content causing molding and deterioration. The bags were more
suitable to package the CMHs. The studies on the water activity and sorption
1sotherm of those CMHs showed the monolayer polyolefin film is enough to prevent
the permeating of water vapor from outer environment. Therefore, with suitable
dose of gamma irradiation to control the load of microbial of CMHs, the shelf life

of the product chould be extended with simply packaging. However, for the CHMs
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with high oil content the gas barrier multilayer plastic bag, such as Nylon / LLDPE
or Nylon/ EVOH / LDPE should be used to prevent oil oxidation of the content.
The limit effect was showed on the on mechanical property, and appearance of
commercial plastic films irradiated by gamma irradiation (10 and 30 kGy).

Keywords: Chinese medicinal herbs, packaging, gamma-ray irradiation
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D BB AR

Hicm

o * i ®

v H 27.6 19.8 — E CEFERR
L% 32.9 23.9 — TR

2 iz 25.8 17.7 — PR R
Lo 29.5 22.8 — PR
Lo 34.4 26.7 — PR R

R A 25.8 18.8 — PR

+ F 33.8 26.1 — R R

* % 20.8 15.8 95 ®Xg ~¥HR
v % 20.1 15.4 33 Hg ~¥HE
g 21.6 13.6 6.7 A g

2z 7 80 EHAKC A
Hicem>n=10

b £ W B R(%)
v H 2.15+0.20 1.93+0.22 0.1+0.01
vo% 1.85+0.17 1.17+0.11 0.9+0.05
S~ 5.33+0.53 0.87+0.17 0.1x£0.01
= 1.19+0.09 0.97+0.13 0.1+0.01
oy 5.86%0.65 4.14+0.83 0.1+0.01
doth 2.45+0.26 2.17+0.23 0.42+0.13
Lo 5.48+0.93 0.44+0.09 0.22+0.08
Mg 3.12+1.11 0.41%0.07 0.1+0.01
% 5 6.23+0.73 0.94+0.15 0.23%0.08
< % 6.54+1.28 4.45+0.79 0.28+0.04
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BARRAER 5 b LG g Rl

27 7 B9 EHAREELTAH

voh 0% ¥ 5 iz oo
ks 0.71 0.94 0.56 0.51 0.65
kA7 (%) 12.39+0.01 30.91+1.08 8.32+0.29  2.65+0.44 10.56+0.17
il i L -+ % il
KE 0.61 0.57 0.45 0.60 0.64

ka7 £(9)  1426+0.83  8.48+0.20 7.81+0.06 11.19+0.35 10.72+0.84

(n=3)
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R LR A T

Fuf e & (kgf/em?) £ ¥ (%)
Rk & B A (mm)
##MD) H % (TD) %»MD) # +(TD)

LDPE 148 £9.1 296 + 28 657 + 26 149+23  0.039+0.002
HDPE 808 = 106 521+ 120 355+ 88 503+ 101 0.016 +0.002
LLDPE 428 + 34 427 £ 42 655 + 39 823 +36  0.044+0.001

OPP 225+ 38 145 £26 22+ 6 122+32  0.019+0.000
CPP 414 £ 44 355+75 660 + 53 760+ 81  0.044 £0.001
PET 1568 £+ 190 1800 + 293 40+ 16 80+ 33 0.012 +0.001

ONY 2325+336 2495 + 460 100+ 15 105+ 22 0.014 + 0.000
Bl R A 754 + 56 377+ 11 2+02 7+04 0.026 = 0.001
(n=10)

R EE RS X L R

Fd 5 B (kgflem?) W E ¥(%)

R A , , , , % A& (mm)
% (MD)  # e (TD) 4@ (MD) #w(TD)

OPP/CPP 553+£52 888 +127 85+ 15 18+5 0.052 +0.002

Nylon/PE 373+ 52 382+ 17 444 + 42 484+16 0.117+0.002

Nylon/EVOH/PE 480 + 39 461 + 58 454 + 26 429+47 0.150 +0.003

PP/PE 376 £ 26 398 £ 45 828 +£48 814+ 66 0.098 +0.001
(n=10)
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AN RRAHBEHD LEE D gl AL

gt e i it & (kgf/em?) £ & (%) 5 A& (mm)
e e i mE
MD TD MD TD MD

OkGy 148+9.1 296+28  657+26 149+23  0.039 +0.002
LDPE 10kGy 174+25  325+13  678+43 129+19  0.036+0.003
30kGy 169+13  304+14  663+42 149+18  0.035+0.002
0kGy 808+106 521+120 355+88 503+101 0.016+0.002
HDPE 10kGy 787+51  512+79 392437 540+63 0.016+0.001
30kGy 631+104 530+£52 378+82 590+53  0.017+0.001
0kGy 428+34  427+42  655+39 823+36  0.044 +0.001
LLDPE 10kGy 437+22  435+33  656+16 835+26 0.043+0.001
30kGy 410+27  394+24  635+29 808=29  0.043=0.001
0kGy 225+38  145+26 22+6  122+32  0.019+0.000
OPP  10kGy 253+27  99+37 2846  63+39  0.019+0.000
30kGy 217+18 121 +4 22+3  111+6  0.019+0.000
0kGy 414+44  355+75 660+53 760+81  0.044 +0.001
CPP  10kGy 406+57 367+103 553+150 815+57 0.043 +0.001
30kGy 409+34  380+£73  638+41 794+77  0.044 +0.002
0kGy 1568+190 1800+293 40+16  80+33  0.012+0.001
PET  10kGy 2192+240 19804150 76+20 106+17  0.011 +0.000
30kGy 1599+305 1979+343 62+29  68+31  0.012+0.000
0kGy 23254336 2495+460 100+15 105+22  0.014 % 0.000
O-Nylon 10kGy 1913 +427 1754+500 82+26  59+26  0.014 +0.000
30kGy 1301+159 1116+131 54+18  34+13  0.015+0.000
0kGy 377+11  754+56  7+04  2+02  0.026+0.001
K327 10kGy 382+15  759+68  6+05  2+02  0.027+0.001
30kGy 371420  724+71 5+08 1+£02  0.026+0.001
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24 - FA R REHEHD LHE F S

EH SRR (7

o ® it Fud e & (kgf/em?) W E (%)
REEE we MD TD MD D
10kGy  18% 10% 3%  -13%

o 30kGy  14% 3% 1% 0%
10kGy  -3% 2% 10% 7%

HDPE 30kGy  -22% 2% 6% 17%
10kGy 2% 2% 0% 1%

HEDRE 30kGy  -4% 8% 3% 1%
10kGy  12%  -32%  27%  -48%

o 30kGy 4% -17% 0% 9%
10kGy 2% 3% -16% 7%

e 30kGy  -1% 7% 3% 4%
10kGy  40%  10%  90%  33%
E 30kGy 2% 10%  55%  -15%
10kGy -18%  -30%  -18%  -44%
O-Nylon 30kGy  -44%  -55%  -46%  -68%
oz 10KGY 1% 1%  -14% 0%
30kGy 2% 4%  29%  -50%
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LA R EMAIRHT B 5K D BH e B SRR

& it i 5 & (kgf/em?) & 5 (%) % K (mm)
e w4 #E  MD D MD D MD

OkGy 553+52 888+127 85+15 18+5 0.052+0.002

OPP/CPP 10kGy 490+63 856+176 70+23 22+10 0.052+0.001
30kGy 427+57 784+84 63+19 18+3 0.053+0.001

OkGy 373+£52 382+17 444+42 484+16 0.117+0.002

Nylon/PE 10kGy 364+42 338+31 446+30 472+34 0.116+0.003
30kGy 293 +£31 270+27 428+56 423+40 0.117+0.002

OkGy 480+39 461+58 454+26 429+47 0.150+0.003
Nylon/EVOH/PE 10kGy 458+30 483+41 457+21 450+31 0.154+0.001
30kGy 402+34 428+18 407+36 421+18 0.151+0.004

OkGy 376+26 398+45 828+48 814+66 0.098+0.001

PP/PE 10kGy 342+32 444+27 776+47 898+38 0.097+0.002
30kGy 294+57 370+84 715+104 816+ 138 0.099 +0.001

Lo 3 RRSMEHD B5 KRR EHERLARE (FA)
o & (kgf/lem?) WL (%)

, . PR i
g o
P =4 #E  MD TD MD TD
10kGy  -11% 4% -18%  22%
OPP/CPP
30kGy  -23% 2% -26% 0%
10kGy 2% -12% 0% 2%
Nylon/PE
30kGy  -21% 29% 4% -13%
10kGy  -5% 5% 1% 5%
Nylon/EVOH/PE
30kGy  -16% % -10% 2%
10kGy  -9% 12% 6%  10%
PP/PE

30kGy  -22% -7% -14% 0%
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s
1B

A A RRHEHEHD LR XHEARD) DR F
FREHES P2 plEToE FhREELPE
0kGy 10kGy 30kGy OkGy 10kGy 30kGy

LDPE 90.34  90.30  90.33 -2.59 -2.64 -2.60
HDPE 9222  91.74  91.55 -0.71 -1.19 -1.39
LLDPE 90.55 9038  90.56 -2.39 -2.56 -2.38
OPP 90.52 9033  90.29 -2.41 -2.61 -2.65
CPP 90.55 9036  90.87 -2.39 -2.57 -2.07
PET 86.76  88.44  88.76 -6.18 -4.50 -4.18
ONY 90.08 89.76  89.73 -2.86 -3.18 -3.21

R ATA 91.50  92.15  92.39 -1.43 -0.79 -0.55
OPP/CPP 90.61 90.23 87.36 -2.33 -2.71 -5.58

Ny/PE 86.67 8575 8750 -6.27  -7.18  -5.43
Nylo/EVOH/PE - - - - - -
PP/PE 86.96 90.30 9032  -598  -2.64  -2.62

L2 2R REFMEHED LR EHA %S R ()T

aft F R ARG 2 PERTIOE S e R
0kGy 10kGy 30kGy OkGy 10kGy 30KGy
LDPE 130 -148  -138  -005 -023  -0.12
HDPE 197 -141  -138 071  -0.15  -0.12
LLDPE 160 -1.51 074 034  -025  0.52
OPP 169 -1.65  -145 044  -039  -0.20
CPP 166 -148  -1.55 040  -022  -0.29
PET 148 144 154 023 -0.19  -0.28
ONY 163 -140  -143  -038  -0.14  -0.17

B3 ATA -1.46 -1.56 -1.65 -0.20 -0.31 -0.39
OPP/CPP -1.80 -1.40 -1.69 -0.55 -0.14 -0.43
Ny/PE -1.64 -1.59 -1.40 -0.38 -0.33 -0.15
Nylo/EVOH/PE - - - - - -
PP/PE -1.42 -1.42 -1.49 -0.16 -0.16 -0.23
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w R R RMAEHT e %ﬁ%iga&mmﬁg
bl'.ﬁ_ TR HEED 2 RIRTHE T%%—%%Fiﬁ*ﬁrg

0 kGy 10kGy 30kGy 0kGy 10 kGy 30 kGy
LDPE 1.23 1.36 1.32 0.06 0.19 0.15
HDPE 1.68 1.26 1.32 0.51 0.08 0.15
LLDPE 1.38 1.55 1.33 0.21 0.38 0.15
OPP 1.66 1.45 1.45 0.48 0.28 0.27
CPP 1.46 1.64 1.31 0.29 0.46 0.14
PET 1.86 1.66 1.85 0.69 0.49 0.67
ONY 1.66 1.41 1.63 0.49 0.23 0.46
R ATH 2.00 2.01 2.37 0.83 0.84 1.20
OPP/CPP 1.80 1.48 1.92 0.63 0.31 0.75
Ny/PE 1.88 2.80 1.78 0.70 1.63 0.60

Nylon/EVOH/PE - - - - - -

PP/PE 1.57 1.68 2.41 0.39 0.50 1.24

F I ~ 7 I RSR

AR TRy

o AR R R

2 F 47K 60°C 30min % % A & (ppm)

0 kGy 10 kGy 30 kGy
LDPE 9.542.12  17.5£6.36  19.5+6.36
HDPE 12+2.83 13+1.41 21+6.36
LLDPE 8+1.41 10£4.24  19.5+6.36
OPP 7.5+4.95  15.540.71  20+16.97
CPP 12.5+0.71 15424  22+11.31
PET 6.5+0.71 15+4.24 16+5.66
ONY 14.5+2.12  16.5+3.54  18+7.07
RE AT 15.540.71 20.5£9.19  18+7.07
OPP/CPP 8.5£1.41  19.5+3.54 27.5+3.54
Ny/PE 13+8.49 18£7.07  18.5+7.78
Nylon/EVOH/PE - - -
P/PE 8.5+4.95  18.5+4.95  24+4.95
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