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Effect of Synthetic Resin Container on the Stability of FAD Solution

Abstract—Experiments were carried out to investigate for the interaction between FAD solution and syn-
thetic resin containers made of polyvinylchloride(PVC), polyethylene(PE), and polycarbonate(PC), and
for the effect of glycyrrhizine or malic acid on stabilization of FAD in aqueous solution by accelerated
stability analysis. Analysis of FAD was determined by means of spectrometer and by seperating by paper
chromatography and metal ions were detected by atomic absorption spectrophotometer, which were extrae-
ted from containers by means of Food and Additive Regulation Standard. The thermal decomposition of
FAD in aqueous solution was pseudo first order reaction and it was inhibited by adding glycyrrhizine or
malic into the solution. PVC, PE and PC containers accelerated the decomposition of FAD in solution. It
is assumed that bivalent heavy metals in resin containers may catalize the hydrolysis of FAD. The metals
detected from the containers were Ca, Zn, Cu, Fe, Pb and Cd. And the total amounts of detected metals
from PVC were 6.2mcg/cm?, PE, 5. 5meg/cm?, and PC, 2. 7mog/cm? which were proportional to the rate
constant of FAD decomposition in aqueous solution.

FAD (flavin adenine dinucleotide) &= kMol ™ 4:{LEEiEM:0] A A riboflavin o] 2ldA &
HRE A ¢ riboflavin 2 el wlsle JHRpez #EE = o] i, riboflavin &
Bezel v REEEST M=ol #Es = ARk v IRkl BRAME FRE S ool
ol Hifol @&e wHle wwEtkel A A ol w-e REge] el slth.

FAD = REspEo] L} Mol A = 3] RLE3] riboflavin == flavinmononucleotide, ade-
nine, adenosine %] HEEL M2 MK EE 0l FAD A% ALy iG-S HATE o
veh, L RED kol vt B Kbl A E RESRS fRAffelv 28 el
Fefgol A = sl S Fuvh 26 £BhodME EHEBol 2ol A®E HHA74
E3] Cu* Pb* Zn* 52 FAD ¢| pyrophosphoric acid #5#r2] fRZ8 d oA EHEikol 9l 4-5-
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cyclic flavin mono phosphate o] /[:p-& {¢idtetz <elAd Q)

uhEkA] FAD 9 0t s Biibe NS 2 @b ige] wol Migslo] ok 2 4o Lo
g S AEES Bt aiA] e sbA] £ chelate %8S VNSt s, ulo] EDTA, 4 i&isD
F- oblmake] @ik FAD v S g ibAZcke s H9vh 24k Amingham®, £
HY, JURYE w] Zste]l AAREGHCDOL HiHD Y 52 FAD Ao 4ot ko s %
sEfile] el Al #abskel $kel. e obHZhA] HihE EMEIEA L sIgRe 2 A8
ZV7b ek FekA vk Ahdiel el Bek Bifgel vk,

olell FHEL wmlel o3k FAD ko) AMRRLL: Zpiet o BE¥ = SRiE7 FAD
KIS MEAER 3t ool 4 3l® 4ME 84 polycarbonate, polyethylene
9 polyvinylchloride %237} glyeyrrlizin 3 malic acid & ZEin3t FAD kol w)X = mame
IIE A iy o 2. #i3det gl et

RE &

R ¥—TFAD = H& wakadenin jit: %5, flavin adenine dinucleotide disodium IS AH-&
telar AR A= 2ml ampoule 3} polycarbonate, polyethylene ! polyvinylchloride fRg8 752
E A2k

MEE BE MBE—0. 1%-FAD % (REETK pH=7.0) & 7 5% 43, Hmplas
glycyrrhizine (0. 01%) % malic acid (0. 001%) 2 fnske] ampoule o] 2-& th-8 Eistdd , 40° 60°
H100°C ol A MRS PEARK S 1Tk —Emielel BBE $REste] FAD B8RS WsEst
St

FAD F8 — 0B 0. Iml & JACe] Bifistar paperchromatography 52 2 #EFTol Al 4
Wi (n-Butanol: Ethanol:H,0=10:3:7) 8 oS, #4ise FAD M5 S FolA #asts G
Sted 10ml o] fgfn (NH).SO, o2 #hii»& 3-8 spectrophotometer (Varian, cary 219)
2 448nm kol A MRS Wisste] kst olh,

Bl EBIR—FAD B3 s gt WS 60°C ol A 8 BER IS vF-S, 13 spectro-
photometer (chart display 10, scan rate 1.0, Rang 1.0) & et o,

SEOI2 AE— MG 44— S Betel it 2 GBS IEIES &k i)
B WAGKERYUR MRS AUHstel BULE RS BHIE 2ml/om? 2 B 73S
WIEIAZ) v, 5%-HNO; —ihiol %Al 7 atomic absorption spectrophotometer (Perkin
Elmer, Model 403, air acetylene flame) 2, Pb Cd Zn Ca Cu Fe &g olste] #iMl 2 i
Bk,

BR 3 BB

KNS WA B FRNA 1 FAD 5 ® &S HME Wela psiel ol ghe] plot s
Fig. 1~3 3 o] BMBIMRIT Biazstgw, ol % MBRE Forshd Fig 4~73 Z2oh, webd
KU FAD 7B St 1 KEC R Hidv MERERCZIE MEEHS F
23l Table I3} 2w} & FAD K #S glycyrrhizine ol b malic acid & Hmz SEES
sl HIEAA 5 glek, wdiel dmel 93 FAD fgel Mo e sl
ot o] &9 WH WMk spectrum 9] #{bE ¥l Fig. 99 72t} FAD BABIKITE 448nm
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Fig. 3—Decomposition rate of FAD solutions in Fig. 4—Accelerated breakdown of FAD solution
resin containers and in addition of stablili- added glycyrrhrzine at elevated tempera-
zers at 100° ture.

7} glyeyrrhizine 444nm &) HEMMZ 444nmE. 3k, malic acid 7} wEmE RS #WE 456nm 2
(s gl 7, 369nm o] BUPEE-S glycyrrhizine & 7§ 374nm E, malic acid ¢} A $-+= 377nm
2 seE Tk ol vEmElel o3 REMLIEMHol FAD & HmmA Atojel oW BT ME
fEfIo] Yol dvin #HEH T
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Fig. 5—Decomposition rate of FAD solution in PC Fig. 6—Accelerated breakdown of FAD solution
container at elevated temperature in PE container at elevated temperature
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Fig. 7—Accelerated breakdown of FAD solution in Fig. 8—Plot of log against 1/T the thermal
PVC container at elevated temperature. decomposition of FAD solution

Table 19 5o WRIE HE S8R S \EEES e dad EEe ze
a4 7 U (Fig 8). o] #RE JehbiE HHS HH@50)on AHEAR & glolA
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Fig. 9—Visible absorbance spectra curve of FAD Fig. 10—Atomic absorbances of metals detected
solution with and without addition stabilizer from resin containers.
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Table 1 —Apparent Rate Constants, Activation Energies and Half-lives of FAD Decomposition

Sample Rate Constant (hr™) Activation Energy | Half-life

40° 60° 100° cal. mole™! deg. (day)
Glycyrr. 3.823x1072  1.763X10°%  2.533x 107 571 401
Mal. acid 4.222X1072 2.8 X10®  2.993x107* 613 336
Control 6.137x107%  3.407X107%  5.206x107* 771 299
Polycarb. 8.486X107%  4.427X10™%  6.909% 107 908 160
Polyethyl. 9.815X1072  5.047x107%  8.29 X107 970 107
PVC 1.009X1072  5.582x107%  9.672X 107 1021 84

RIS Bihshd Table T3 ok FAD K] 4Hle <F 300 Ho) = #nmlel o8 %
fbxl Rt oF 400 Aeolw o HiE A2 ke 84~160 H 24 4yt A3 {ﬁé‘@%v}.
Arrhenius’ equation © 2 5B} activation energy -Z sk3le] BES WS 71 E3lo xs Table
I3 2ok, & "wibAl7l FAD KEHK-2 activation energy 7} 2F 600cal mole™® deg=! <14 #
TEZA8: 5UBE 9F 1000 cal mole™? deg™ 24 RFEHEE HAIWoR AR,
BlEARZ Y BHids 2/ €8BS Table 19 Fg. 104 ¥4 HHi¥Go=dl £BMWo.
2 Pb, Cd, Zn, Ca, Cu, Fe & ZF BT & gl ov &BholE Caol 714 wol #iil
sz (1.79~4. 25meg/em?), Zn, Cu, Fe, Pb, Cd 9 JHo 2 =2 B2 WET &+ ddt %=

Table [ —Detected Metals from Resin Containers (ug/cm?)

Sample Pb Cd Zn Ca Cu Fe Total
Polycarbonate 0. 0387 0. 0026 0.6543 1. 7986 0. 1503 0. 0606 2.7048
Polyethylene 0. 0730 0. 0031 1. 5098 3.7034 0. 1499 0.1025 5.54317
Polyvinylchlor 0. 0915 0. 0062 1. 5963 4. 2507 0.1443 0.1105 6. 1995

Vol. 28, Nos. 3 & 4, 1979



152 AT - B

malel CuZ Bitsls RE &Bol PVC, PE, PCY JHo 2 HM=geh 5 PVCE R @
BE 6 2meg/cm?, PEE 5.5meg/cm?, PC i 2.7meg/cm? ot} HHE £BES FAD 2] 55
SEEESE #BIES Zron], o5 &JEol&-e FAD ¢ pyrophosphoric acid bond 8] #Z1& 4o
I vk B —Feld o], ol: AmBIES FAD S@E REAY = ERY sht
b HEEIE A BmIEE 2 E 4B 29 MR KR A4 4 ek wEA FAD
WElS] ABmEA SREIES ALT 72 $o) FAD glol MEIER 98 SRR REE A
Este] GURHEIGE] MAHE BT o 2 LRy e BE 5 BUY Bkl 2
2% Aoz EpiEc

1]

& ]

1) 4EEE PVC, PE 2 PCABRE AEE+FS FAD 4ME REA7H, ot BEEZY
H = 2@ ¢Ba2 HERGRE et

9) SEEEA BHE 2F £BS #ELS PVCr 6.2meg/em? 2 713 @i, PEZ} 5.5
meg/cm? ol PC 7} 2. 7meg/cm? & 714 A gkrt

3) HisanzXe HIg 28 &8 Ca(. 25~1 8meg/em?)o] 7}3 Bz, Cd(0.0062~
0. 0026meg/cm™)¢] 744 FAgkow, Zn(l. 6~0.65meg/cm?), Cu(0.15~0. 14mcg/cm?), Fe(0.11
~0. 06meg/cm?), Pb(0. 09~0. 04mcg/cm?) 2] J|EO| o},

4) glyeyrrhizine ¥ malic acid 9] #mne KK+ FAD e 493 Hiksglen, of
£ FAD kW] MBS B 1Kk K=

X 13
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