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SNSRI S & Sk E X
% 45-47.0
£ 11.6 mVAr-482 £ 2.8 mV ; K @AL A 23] %6.77 £ 2.8 m/gfn6.88 £ 3.1 m'/g ° &
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3 A A5 2 A B ) S BT RO RS R < Bl
FIFHAEAE SR ~ CoQ10 (HHER) ~ fEYIZ ThY ~
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International Organization for
Standardization (ISO)fA20124E5 H2H! " 1S0/
DTR 13014 : ZKE - GER AV EEETH
MERHERE - Frfe ZBIYILR AT ) 2R EE
CINE J%Tﬁﬁﬁ%ﬁ%ﬁ? BN R EBRIR R TEAE
ie3e JEN BiHbE —EHEEDE - 70K
Y& B’J?‘ﬁfﬁhﬁiT 1I%EE!7FD9E%DE’JQ§& g3
FHE FVARIRES - 1SO/DTR 130147]42
{%E%%ﬁj\*ﬁﬁ@iﬁf‘%*%@% - VIHE LERRY
PERYE N - FEETEIE TR - TR
Y2 8Ef -
(AR KNS ST 4347 (Particle size &
LA M A HEIE]
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particle size distribution) :
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RSV ST

TR ZREVIERER /N R R AR S A
COFE/HEBIRE (Aggregation/

agglomeration) : %%%%ﬁﬂ’ﬂ*ﬁ? H e E

BEARINRIERE TR ERIRA - E

FERl— M%ﬁ%?ﬂﬁﬂﬁ%%iﬁmﬁ(ﬁ% =]

BRI T -

EFZAR (Shape)

ik e

()% E 6/ LR HI S (Surface area/specific
surface area) : —fERIFHIYYNRIHIEE @ 7
2 ALY EHIE R ELN KR

(HFH AL 77 (Composition) : Z5 KV E 1B
5 A —E B EH RN EY) -

(~NZ=ELEE (Surface chemistry) @ #)E Z=IHEITY

{LEFF I -

(B)FHEFTT7EE A (Surface charge) : ¥)/EFMH

OEEREI

VAR /538X (Solubility/dispersibility)
FAVBEER ENGRET - B E Al

‘:PZ 15 I VAE & RV E R BRI 8

FAEZIRRE -

ISO / DTR 13014+ Hf£2 B it T —if
FERARIERA LIRS - DURAHE FERY HE S - Z0AHRH
% HEETRE T S - XY LR ERL A E
FHEHE ZHIMEE - DMEE A ENEE
TR ERAE 2 TR AERAES o MR vE TR AT
TS SRR AR L S oK B S A S R
2 2 B R MR R - B (RS [ TEaok
MEVEE A TREE G RTE )

Z&Tﬁnﬁﬂ. PR B OR R T 5 T

RS E SRS ERMEES
/7%7J[] JEI’JEM MRS ~ FAEE - BlS5E
B L R AW B R iR 2 i s I R
BIDASHE E L B B EE - REA TS IES
KEMI R R - $HEIRE R RIS E
%EW??&E(ZF%E’J?*@%:&M ﬂft%
B S B R K B i i ke - L
IEE(I’E-‘?IEU\!W%ﬂ%*ﬁﬁﬁ@i%ﬁﬂ’?ﬂﬁff{ﬁﬂﬁi
Rl » IR EEAH R TR RS
(L B2 7% 350 JEL )t o ) R s ] - (R

D= HERL T HY AT MR

I > AWFFELATTS T R SORE B Rt ot
HE - TR/ NEROR IR - ByReRE L
—SERELEREORL - TR AL T iR AR
2% -

MR
— R

78 % 7 5 O T BB 1 O PR AR oK
LB BRH RSP REER RORALE BR A (iR R
B R 2 ORI ) o3 BTG T AR R
NP1-NP10KP1-P5 °

» R
EEETIK ~ 0.5% 7\ (b ER S A TS 7k Z

5 o
= &l

1. BYREESS# (Zetasizer Naon ZS, Malvern,
England)

2. 28 B FE M (JEM-2100, JEOL,
Japan)

3. B TR R AL T R R AR I =B T BRI R
(FEI NOVA-600, FEIL, USA)

4. LR ERE LA i H &= F (Tristar 3000,
Micrometry, USA)

5. EZERAIEE (VacPrep 601,
Micrometry, USA)

6. Fr AR R FZ UL Fr T B A B AR L
(K-Kit Transmission Electron Microscope,
MA-tek, Taiwan)

7. i & 453 7E 2R (Pipetman, Gilson, USA)

8. BT A OLE BN SR (Inverted Microscope,
Laica DMIL, Germany)

9. B[ M (Centrifuge, Eppendoff 5702, USA)

10. # & EE %25 (Ultrasonicator, VCX-600,
Sonics&Materials Inc., Connecticut, USA)

11.feiE & 88 (Vortex-Genie 2 mixer,
Scientific Industries, Inc., New York, USA)

9~ ISR BN RE RIS AU S A
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EARMEE &R

PLO.2 pm g B R 0. 5% 7S fm B B2 5
(Sodium hexametaphosphate, SHMP)/A % * 1%
FES MR BR R 1R 500.3 g » ITA0.5% 7 Rk
FR SN /KA TR30 mL » IR G SR B30 8
Y HH A R A1 10 mL (FERERE v iR)
PA1500 rpm#Es it (3207388 - B ImL A&,
FEASHE S E #3001 - TEE R M EEY
IR B ABRECES G TR - B EE T
RILESE - BIRELE E 1507 - S
iR E2Ss °C » BHAEL73° - ANRHRRIKE
T ZpH{E f7 » AR EAS R A ATT & e
S S A R4 (quality report system)
H-fRmEEER6R - B S E Ry &l
% o

A~ FENETFRME(TEMEA

RS B R Ak S b SRR
AR (R RS R AR L,000(5) FTE MR &
RN K ZER TP R SRR _E > DA AR
R 2% ER LB - FREIR T EEZR R A ZFEAE
TR AR TR T ARG - IiE
FEEE T80 kV - DURAHR M IEIG 5 - FE LA
ror KRR RIS AN - B ER BRARSTS -

7\~ iR IUE FRATYER(SEM) BRI
SRR R B A R BT 5 - 5K

KRB L - DAE SR RERE FR AR & H R

Ko B AEZE IR S R IRt B AT _E

T~ tERERERALAS A %2R

EFAEE FIRIEE (isothermal jacket)
MEHE  GERRE - SR - OB - IRFP
P EoE R - WEE DL B ER R = (R AR
fi B 2 TriStar 3000 % [HifE FLIA 5347 8
b o FREREEHEHT 2/ i - FIHE
T RUHT SR AT - P T VR RE R 22 R I 1= P 4
R R R EE T -

I\ FEVER REzINi& A E FRATER
BB EREENR
o FH BRI fl i o L R R Tl B 1 S VAR
RIBRR L BT BB AREBU S
AR E A WERE N 2B ERRE -
2.0 pm Bt P L R U A A R T T L
it F A B 2RI/ INA 2000 %3 K F Rk 43 S AT B
R o S e E 2R Nz DR E TR T B
SEELH] - R RS _ R TR R
TR T FERIRE R » 5 FImage TR (R H B HEST
Fi 53 AR B LR R /EE SR IR BB A3 (RERI KR =
(& + ®] 2) - F—Ws A #iet4 ~105R6E
HEEEVATERZ 5 (4.0 pm x 5.4 pm) A 4 S E I
HIRERL » &R 20058 A B2 kT -
EREET A
— ~ R K/ NRRIE RS 73
TERRE BN KR IERZKRE KD
NIN0.5% 7S fm ok B S 0.5/ NRf % > L1500
rpm K B/ (52057 $8 #2 HET B RE L BT B &
H o 10 THE R KRE RS IR K 57 5 K
179.0 £ 1.78 nm ~ 173.7+£2.56 nm ~ 216.6 +2.79
nm > 190.8 £ 2.05 nm * 170.2 £ 1.60 nm * 163.8
+1.13nm > 200.5+ 1.55 nm ~ 202.6 £ 1.73 nm »
197.7 £ 1.72 nm}2168.2 + 0.86 nm ; 1-100 nmfi/
FHE A B R43.63 ~ 46.88 ~ 16.36 ~ 99.9
77.76 ~ 80.27 ~ 61.90 ~ 39.74 ~ 63.83 5266.18%
(B — K FE—) - BEYTEURE(Polydispersity
Index, PDI)7£0.210 = 0.047/£45 » PDURIEMRL
SFEBERFPRSBUER - BUER/NMUERM
Ko FAEA R BUS R 4] o STRTHE R
TR ARCE R EIRI 73 51 55203.0 + 1.28
nm > 196.2 £ 2.22 nm ~ 188.6 + 1.98 nm ~ 196.8
+2.10 nm2208.2 + 2.36 nm ; 1-100 nm#fi
BBl 55.5.  48.58 ~ 94.94 ~ 68.17 K
89.59% ([ — k3% ) » PDIHI{F1.98/5 4 -
TEERE » R BR R R I B
T BBkt S A — B - Bl
EEKE Y 2 SFR £ E] 100 nm
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( A) Size Distribution by Number ( F) Size Distribution by Number
2
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Size (d.m) Size (d.nm)
(B) Size Distribution by Number (G) Size Distribution by Number
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o : : :
1 10 100 1000 10000 1 10 100 1000 10000
Size (d.nm) Size (d.nm)
[ Record 1044: 20130528 NP9 SHVP-1 1 0 Record 960: 20130527 NP7 SHMP-1 1
(C) Size Distribution by Number (H) Size Distribution by Number
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o o
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S S
z z
1 10 100 1000 10000 1 10 100 1000 10000
Size (d.nm) Size (d.nm)
[ Record 912: 20130523 NP3 SHMP 0.5hr 1 [ Record 1026: 20130528 NP8 SHMP-1 1
(D) Size Distribution by Number (I) Size Distribution by Number

Number (Percent)
Number (Percent)

100 1000 10000 1 10 100 1000 10000

Size (d.nm) Size (d.nm)
B8 Record 918: 20130523 NP4 SHMP 0.5hr 1 B8 Record 1044: 20130528 NP9 SHMP-1 1
(E) Size Distribution by Number (J) Size Distribution by Number

Number (Percent)
Number (Percent)

1 10 100 1000 10000 1 10 100 1000 10000

Size (d.nm) Size (d.nm)
[EE Record 978: 20130527 NP5 SHMP-1 1] [E8  Record 1098: 20130530 NP10 SHMP-1 1]

B— - 104 ERKIZERMRIE AR - (A) NP1, (B) NP2, (C) NP3, (D) NP4, (E) NP5,(F) NP6, (G) NP7,
(H) NP8, (1) NP9K2(J) NP10
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TESSRETRN & SR MRS
R— 0T ERKIZERN 2 K 1Al
Rt _ . L
— EE mmm Emm Tk
SR 1-100 nm 7 ML (m*/g)
(nm) K+ (%) HErn R (mV)
NP1 179.0 43.6 e ekt -52.9 Ca, C,0 6.61 JINFELRT S R
NP2 173.7 46.8 30.7 nm -49.7 Ca, C,0 11.73 JINFELRT S BRI
NP3 216.6 16.3 50 nm -47.7 Ca, C,0 6.86 JINFEART B Btk
NP4 190.8 99.9 ZKAR -16.2 C,0 0.87 THIRIR
NP5 170.2 77.7 18&E I H -46.3 Ca, C,0 7.61 JINFELRT e SRR
(141.1 nm)
NP6 163.8 80.2 30.7 nm -57.1 Ca,C,0 8.66 JINFEART R SRR
NP7 200.5 61.9 70.37 nm -46.1 Ca,C,0 6.34 JINFEF R Ptk
NP8 202.6 39.7 59.3 nm 474 Ca, C,0 5.67 JINFELRT R itk
NP9 197.7 63.8 30EAH H -49.0 Ca, C,0 6.58 JINFEURT R SR
(84.7 nm)
NP10 168.2 66.1 Tk -57.8 Ca, C,0 7.61 JINFE R SRR
Size Distribution by Number Size Distribution by Number
(A), (D)
= 15 = 15
:, :,
: 1 10 100 1000 10000 1 10 100 1000 10000
Size (d.nm) Size (d.nm)
( B) Size Distribution by Number Size Distribution by Number
20 (EIO
= 15 % 15
% 10 % 10
1 10 100 1000 10000 h 1 10 100 1000 10000
Size (d.nm) Size (d.nm)

Number (Percent)

Size Distribution by Number

10 100
Size (d.m)

B Record 1590: 20131018 P1-3 1

1000

10000

B st mERRNRKIEBER AT hE -
(A) P1, (B) P2, (C) P3, (D) P4%(E) P5
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BEEYITR R SR
R SHEHERERE KM Z K IEE]
__Rlom A Gmmm k@R ik
PR 1-1000m o g A @’/e)
(nm) K (%) AR (mV)
Pl 203.0 55.2 B -52.6 Ca, C,0 5.50 JINFERE R BRAR
P2 196.2 48.5 i3S -47.8 Ca, C,0 11.83 JINFELRE R SRR
P3 188.6 94.9 B -49.0 Ca, C,0 8.28 JINFER Ry PR
P4 196.8 68.1 B -47.1 Ca, C, 0O 4.74 SN R Ptk
P5 208.2 89.5 B -44.9 Ca, C,0 4.06 JINFEAT R SRR

REER TEOK ) R EIE

DU - #ERRTRERAIANT « (VEERIEZRIEHT

PSS BN R PR (R o BT S 22 S L I
HEANEE » A RS IE A SR B Rl S KA LY

FARL » @QHEATHERAR R RFARCB TR
RIF G E D REFER AR - BARKHE
Ze I SE R - ﬁﬁiﬁﬁﬂﬁ%ﬁﬁﬁfﬁﬁk JRIZS
NI BRI - BUR TR B RIEIRE D
BB - AR B RETIMIE I oK R 2 B Bk
By o (KRB R IGEIN T - 32 - YT
o KRG RER 8RR - BERNZ

S ATA
BRI AT REE ZOK I BRA R IR M R AR 1Y
RAE -

— ~ RMEFT

THEF KRN KA R R ERIIR
I10.5% 75w % S AT EL0. 5/ NRf % » 1500 rpm
RSB 02057 i P2 HE AT BN RE L B AT B R -
10 THEZ KB B RIAER 775 F-52.9 +

uu/

B

3.73mV ~ -49.7 £ 5.51mV ~ -47.7 £ 3.96mV »
-16.2 £ 1.28mV » -46.3 £ 4.41mV » -57.1 £
5.03mV ~ -46.1 £ 4.68mV ~ -47.4 £ 3.99mV »

-49.0 + 3.86mV }%-57.8 £ 3.73mV (F—) ° 5{F
TERERER R R H B 7 5 F-52.6
+3.87mV ~ -47.8 +3.64mV * -49.0 £ 5.50mV »
-47.1 £ 5.57TmV F2-44.9 = 437mV (£ ) » DL
AR IO RE BN ER T 1R E
1£-30.0mVEAF » HAFZRE BRI 8RR
RARAE TR Z R HEERIIANR-30.0mV - 8
TZ%*F‘%%&EHE/T,TM LEERKG1E0.5%75

(b ER S KA R E TR E

= MEBRKY BB RHERD D
i

DAISEMEREZE i B R AKE By BRI R R
KALE BN 2 BIREAE = - BEEESKEE
¥y AR T RACE B R R ALRESNE - HH
fE =R LB EN 0K E BRI HISEM 2 &
FREE BUIR S FIRA R IE I - FE R FrEifERY
SRR SR I BE R ZORE BN/ Nk -
ok S EE M NPT : 66.96 nmZE1.05 pm
NP2 : 84.14 nmZ%E500.24 nm * NP3 : 157.03
nmZ1.83 um * NP4 : 515.63 nmZ3.05 um °
NP5 : 328.96 nmZE867.19 nm * NP6 : 128.91
nmZE8.05 um * NP7 : 117.77 nm#%£585.94 nm °
NP8 : 93.75 nm%234.37 nm * NP9 : 93.75 nm
#£1.99 um&NP10 : 140.63 nm#ZE1.15 pm ;
AN - ST ERIE R R B HISEME
& Hy RAURESNE — B & A SR & FlR By
BEEY - FERF EER SRR R INEH &
{3 B W2 BR A /INRERL - HL/NFEDRT oy 158 o [
S3fiFsP1 : 70.31 nm%99.44 nm * P2 : 59.75
nmZ94.48 nm * P3 : 93.75 nmZ£252.43 nm °
P4 : 117.19 nmZE304.69nm & P5 : 200.25 nmZE
489.39 nm ([EPY) - DIREEEHTEREE (Energy
Dispersive Spectrometer, EDS)/3 7 i EZKE
Bl RAME TR LB BRI RT3 - AR
TARKEHY R R R LB BRI REEDS 73
ik - FKREE AR AR 2B Al DA
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@A)

288.02nm

128‘?'5”#?1

1.050m
66.96nm S 328.12nm

114.04nm »

500.?_{4-nr'r1

_Iht|H\-']ﬁn|m|g TWE | [ eur]
- ETD 1500 kV -0 * 85000 x| 7.4 mm 044 nA |

B= - mMERKEHMZIFHNE FRATEE (SEM)E1G © LL(A) NP1, (B) NP2A& ]
5.7 ::_)E'\l"l‘l

94_431‘11'11

74 foet| [THYE ]ﬂll mag ||WD [ cum |
A5.00 KV -0 " | 20000 x| 5.0 mm, 0.58 nA |

B« ERETRARCEIHN BN ETRMER (SEM)F & - LU(A) P1, (B) P25

e FEMhR ~ & $FHTR - BRI TRER
] ey BRTTER KRB HN AR ZORMEE
Bk h EE R R E5 TRk G (BT © NP4
E R RSN R BUR H - AR R

e 1 o BH S EME o RIL{FEDSEZE 2 45
1. . TR -
o -c . mEIAE%HZ?—EE Ei/ J

FH SRR » OO0 7 i 2 1 E e i
T ST HE S bR LR 7T » 36 F] I Brunauer-

Bf - mESKIZHRNEEEESTYELEE (EDS) Emmett-Teller (BET)WIT 2T TE IR TK
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RSV ST

2 K —REHKHREME - fEER 0 10
o= *P%%FMZ%EﬁﬁNN 6.61 m’/
g NP2 :11.73 m’/g * NP3 : 6.86 m’/g * NP4 :
0.87 m’/g > NP5 : 7.61 m’/g * NP6 : 8.66 m’/g ’
NP7 : 6.34 m’/g * NP8 : 5.67 m’/g * NP9 : 6.58
m*/gRNP10 : 7.61m%/g (F—) 5 A - 545K
ERR KB BRp E M R EE /P 5.50
m’/g > P2 :11.83 m’/g > P3 : 8.28 m’/g > P4 :
4.74 m*/gFP5 : 4.06 m’/g (2 ) - fFSEMAIHE
ISP S ST378 HIsE R VN S #2373 7
EIESIR R R R T A A E R BE
& % B NEA ZOKREZ 2R/ NEERL - HEHTATHE
BRI BE B R RAE K B SRRk (b
Bty FEURL_E IR S A A TR AT -

F RRBEUMZBERE

F R 3 2R =R oz =0 A B L R R
MR EHINP L R B BEh i -~
R ~ REAR S5~ FE R B B/ B B IR R R fE
KR o A TEMEIZE 53K 2 Bk BRI &
T ATEEFIFOREZ B IR TR BRI R
RIoh - HAEKKIS0 nmAZKFERIFAE » 18

&= LR KRR MR R EE TR
BRI RIIRRERLZ FE DB DL

REFE (nm) kI ELR (%)
<50 52.3
<100 81.6
<200 90.5
<500 98.6

<1000 100.0

KA~ MEI0HRRIEZEN RS RETRKILE
B RS ~ REBLKLRETELER

RAEHY (101 —REEKE 1)

LIRESANTi] 186.3 £17.7 nm 198.5 +7.4 nm
FRIAIE 47.0=11.6mV  -482£2.8mV
FEIHITH 6.7 £2.8 m’/g 6.8 3.1 m’/g

EDS/3#71% %*@%*ﬁ'ﬁ@%@ﬁ%ﬁﬁﬂﬁ
E1E - BHEE SR 294 R BRI B 7%
KEBRKG I B R82.0 + 101.0 nm > FEET
K/NEIETFE17.4 nmZES843.1 nmZ i » HA/)N
2100 nmPA N HIZAKEZ BRI R 80H 77 EL s
81.6% (F2=) ° AKE BRIy R & =i s
o R M % ITEMBUE B2 - A rh]
PAG B IR BE KT (primary particle) f 55 52/ Gk 55
YAKI (aggregate/agglomerate particles) Z5 KB
¥ Z VIR AR BRI R/ NR 100 nm » #RSERT LA
DLSEHIF AP, Z R &/ - RS/ BRI SR
AKFERIRIARRITEL pmPA L o AER AL ik
R % o RTEUIL205 S RE RN TR
ki FREBRGAISRERE SO » AR
F567.5 +30.9 nm ; FREERK MK A 146
FE - S ECR1047.6 = 858.1 nm > #EE1E %
FREBG ZBEEE RBT1% (RIY) -

ir b AR EITE R KRB ERG R ARIER
DARACE BRI RIFR M E R I BB A AT (3R
1) AEHEPNPARRZ 2B - FHERERES
HNAEY RS R L R R B 155 - 2
PR e & &R - AT DAMEM R 33T e R A
A 2 YRt SR AT LA R R IS Bk 72 SR -

ZENR

1. PEN (Project on Emerging Nanotechnologies).

=M~ DEAEX R AR R RIEE FRMREAR RIS BERE

ki AU RE SEEIRIAR (nm) BRI ET 53 B (%) SR B
REERAIRT + TR EE TR 765.5 + 849 .4 100 205

TR AR 67.5+30.9 29 59

RER kL 1047.6 + 858.1 71 146
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2009. An inventory of nanotechnology- 4. B - 2007 - WEABRERMTELER - &

based consumer products currently on the THT] > 39(8): 1-9 -

market. [http : //www.nanotechproject.org/ 5. ISO (International Organization for Stan-

inventories/consumer/analysis_draft/]. dardization). 2012. Executive Summary
2. Chen, H., Weiss, J. and Shahidi, F. 2006. Nano- Nanotechnologies-Guidance on physico-

technology in nutraceuticals and functional chemical characterization of engineered

foods. Food Technology. 6(3): 30-35. nanoscale material for toxicological assess-
3. Sanguansri, P. and Augustin, M. A. 2006. ment. ISO/TR 13014. [http : //www.iso.org/

Nanoscale materials development-a food iso/catalogue_detail?csnumber=52334].

industry perspective. Trends in Food Science
&Technology 17(10): 547-556.

Physical-chemical Characterization of Commercial
Nano Pearl Powder Products

YUN-SHEN CHANG, CHIA-DING LIAO, HSU-YANG LIN,
HSIU-KUAN CHOU AND HWEI-FANG CHEN

Division of Research and Analysis, FDA

ABSTRACT

In this study, the physical-chemical characterization of 10 commercial products labeled nano pearl
powder and 5 products not labeled nano pearl powder are investigated. The dynamic light scattering
results showed that the average particle size of 15 products ranged from 163 to 208 nm. The zeta potential
was from -16 to -57 mV. Aggregated particles were found by scanning electron microscope. Calcium
was the primary composition element of nano pearl powder products detected by energy dispersive
spectrometer. The surface area was from 0.87 to 11.83 m’/g. The physical-chemical properties of
commercial pearl powder products with or without “nano” labelling were similar. The testing method of
physical-chemical characterization of nano pearl powder was successfully developed. The surveillance of
commercial products was also conducted.

Key words: Nano pearl powder, physical-chemical characterization, particle size



