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H X E (Abstract)

Recently, the chitinous products have been accepted by consumer as
healthy products. To know the quality and label of these products, 21sampies
were collected from common markets. It was found that a few samples had no
label for manufacture date or expense date or functional expound. The level of
heavy metals inducing Cu, Pb and Cd was not detected in these chitinous
samples. The degree of deacetylation was quite different depending on different
products. It was found that the level of glucosamine was increased in increasing
the deacetylation degree in the chitinous products, except for glucosamine
product. To certify again the edible safety of glucosamine for human , the
animal test was carried out. The male Wistar rats were fed diets with different
levels ( 0, 0.25, 0.5 and 1.0% ) of glucosamine for 8 weeks. The results
indicated that glucosamine showed no harmful effects on the growth, functions
of liver and kidney, and characteristics of blood cells in the rats. However, even
0.25% glucosamine reduced the behavior activity, the levels of plasma glucose
and plasma creatinine, and the activity of plasma creatine phosphate kinase in
the rats. The daily edible dose of glucosamine for human was supposed as

150mg. The limit of glucosamine in the chitinous products was supposed as
below 10%.

Key words: chitinous products, chitosan, glucosamine, food safety
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BT HBAE & 8 T H (chitin) ~ & T & 8 (chitosan)#Fv & T % & (oligo
chitosan) & % shaE 2 R AR M BB F &% - Eéﬁﬁ#ﬁ%%@&aﬁ%%i%
By BAALHERLEEAMBARIERL  THALCEHABERNGE
¥ - BRE -BREX -ARE - BEMUERESSEBEEP[T,8] £ 1995
FRRABRTE BRTRESRTY FAARHEREATHOALB EH &
BH0/EA - RTHBEI M SR TEREATRELEMII LA RN
Eaf - E2RPAMENZAR 12, 21] FEARBEZER[0] £
RELZEBN AT B A bR EESZ/ER4 15] BERALR
BMEMAS - B RTRSRRTEREHRAE  ChRA S
P2 RBMR,17,19] - A THRAR » £ 1 & LHEH N3 T HER
REANBZRERL  RAAATHHRALZIRAARTLN  BEREF#N
B AARE 0NETREBXHAmEHLERRERE AR RBEM]
{2 Sugano et al. [15]45 5 10%% T 588 & 1% & & & & [$4% > M Vahouny [20]
HFHSNZ R TRETGELEARKRZIFARVE RARMEHLRAET
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ME FCLHBBEANSONALEFXATRE RTEEZLTE) A
E 0% ELAHLB LR B ELERAFRRYE  KEBARAELRE
B5%  MmETEES NRWZATRE > B S%HUA LS TR HERLZ bR
O EARTAFAHZIVE BRRREARCARERES 2.5%
[6] BAARTEEEAS MELCEBAEZIRS  EAAXRLHABAMUR
BoBAHATERAMRZATRSER R XCEMEAMBANE - £
RBRTEHEARZ UL WY HEARBGRRAE  ARAEAZRFELB 24
UEARERE MEENYOMABATHHARATRAHAMARZI AL T E
SREE  BAAMSENAKR LHAK Sigma RAWEZLTY  £5
RESCAEREX Fe iy (AREZEAEHLE) AL TRRRAR
BRATHARS  BRRERAGME - BARTIBESRAL AAA
MESBZAEN  AAURLBEY > FTHRAELB TR TN 7
UHPERCRTIBREALRNELR ST > MANMRKR -

A BRTERAEALS B AEABKEE > PREAMENBEEE
R ETHEY & BB &AL H 5 ak(glucosamine) & 4 - 5 i &K A1%
Ao NEBEZAARSBREFIBE  ERFHTRT > BRL25%XE
HamEe HERZaRBRAOFEHENGTELGE RALA—2H

RTRNERE AT HRBERGREMS  ARAZITERARATENE
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LATHRRRAAZHRE: ARA 57 AZ 10 ARBRHAARE
S (WBER) A G@RKBETERRRRS  B— 294423 4
(#8.) 0 33t 21 4 -

2.Glucosamine HCI 8% & Sigma - 3)(US.A)» é5E 4 99% X L o
3.Glucosamine sulfate B g 15 & /> 3] (Taiwan) » 55 4 99% L E -
4.Glucosamine & Acetylglucosamine 2 # % - 355 B Sigma A 3] (U.S.A.) - |

5.LiChrospher 100 RP-18 reverse-phase column (54 m, 125 x 4 mm i.d.)g &
Merck /2 2} (Germany) - |

(=) Fx
(1) & S :
1. BTkE

BEBSRMEAERLSL ULB- - 2AAM BANM - 2RSS &
RERAPMFHEREFTEEZETHT -

2. E4 Bz A E[11]

B 0.5g # & B A LDV(lined digestion vessels)i§ 1LH#E ¥ » 4o 20 4232 o5 &
B MDS-2000 R %04 HILE HIL S MESREBERKFTE » REAHR
k8T ARKERZE S0ml » » R F 9B /%4 (Hitachi Z-8100 Polarized Zeeman
Atomic Meter)pl £ €4 B 24 & -



3. 2 LHBEZRE

IR AL &8 o3t ok R £ [3] 0 BpAsAE Sy R 32 KBr X 1:100 Z thfs)34 £ %
A BBt Wgs )l o Bulé stk (FTIR spectrometer, Model
FTS-155, Bio-Rad, U.S.A)# 7R » ERTFHFBAFNH L CEHE -

2 Z8E (%) =100—(Asss/Asas0)x 115

Auess - Amide T & 1655cm™ 2 Bk &

Assso : O-Hbond 4 3450cm™ 2z %% di {8
4. Glucosamine 7% % & 2 %7

B smig o SR & 8K glucosamine - R A M AR Z AT A TA X
$TAEACHE - B A& A R 4B & #7 4k (high performance liquid chromatography,
HPLC) » #474#7[5]

HPLC Z ¥ #&4F *

Pump: model L-6200 pump

7+ 4t B : rheodyne model 7125 syringe loading sample injector

4 %4 : LiChrospher 100 RP-18 reverse-phase column (Sp m, 125 x 4

mmi.d,) - |

B8 ¢ FE-KZ BB 50:50(v/V) -

Fiik ¢ 0.8ml/min

#R B : model L-4000 UV-VIS detector(i% & £ 254nm) -

# » % : model D-2500 chromato-intergrator



(2) BT

RBRAOMLARBEEMIE 506 % PHARNKEHREF -
SMERBREERA24 £ 1°C 5060 % JaHBE > RAHEHF RIS
F B8 0700-1900 % %M # (light period) » 1900-0700 % 288 (dark
period) > #R¥F 12 /N BF 64 B RBHAMEIR - MR AK (ABK)KE GHRF
X BRETHHEAR (k4°5) AHEHEHASE - THRYMER 2 8
HEBAE2 4506 BEREEZR 10 185 RS ARALEH
Bkt o 47 (&1 B4 bk 4o )8 7% - heparin 500 IU/ml saline, Sigma) » &%
FRANEE  FRI120% ZEMMPRERK BRBELAN RS
¥ 0 B S Ak e BT A o

L. fo Rk b 2 AT R

il 2 R EABEARE A (80 F heparinfo ik F B (R4
H) - RE AL RIFHH% > Uhaiko## (Cell Hematology Analyzer,
DYN 3500, Sequoia-Turner, U.S.A.)#] & red blood cell (RBC) -~ hemoglobin
(Hgb) ~ white blood cell (WBC)#v» hematocrit (Hct) o 3X4% B 3 Bp sl
3000xg TFaES 10 248 > KR EBR il - SETFINH -
2. #3138 % (feed conversion ratio, FCR)

TRYH > 288 m—ABE AHRABANESNE - HEA KD
T |

FCR=Feed intake(g)/ [Final body weight(g)— Initial body weight(g)]
3. Rz o

(1) Aspartate transaminase (AST)2 ] &



¥ B Merck # /) 3] fic &) &4 enzymatic kit > R Z AST e475 1 - RIER
#] /W 2-oxaloacetate $ l-aspartate 4 AST &#4tF - €H A glutamate F»
oxaloacetate i oxaloacetate $2 NADH+H' £ malate dehydrogenase (MDH) z
fALAE B F 7 A& malate v NAD" - NADH £ 340nm 4 #& & ¢ R L4 > 882
F % & NAD 14 %% % F64% > £ 340nm & K T RIZRAME MR ERFTH
# AST a97& 1% -

(2) Alanine transaminase (ALT)2 ] &

3 B Merck # 2 /) 3] fic 8 &4 enzymatic kit » R & ALT ¢97&4 - REZ
#] B l-alanine $ ¢ -keto-glutarate & ALT #34E4LTF ° ?ﬂz & glutamate Fv
pyruvate » i pyruvate 2 NADH+H' 4 lactate dehydrogenase (LDH) % £t
5 F F 7% m& lactate o NAD" - NADH 4 340 nm 8 S 69 R A4 - BB 7%
B NAD'#% % % 1K > 4 340 nm R R TR RAMEBREEFTHH
ALT #9781 -
(3) Alkaline phosphatase (ALP)2 8] &

3% B Merck # &) 3] fiz ¥ 49 enzymatic kit » 4] & alkaline phosphatase &
EM o B IR A A 4-nitrophenyl phosphate v H,O # alkaline phosphatase 4§
Fd F 7k #2 %, 4-nitrophenol #v phosphate > 4-nitrophenol £ 405 nm FH 4 Z 2
(4) Blood urea nitrogen (BUN)Z 3] &

#% B Merck 2 2/ 3] 8t 8 49 enzymatic kit » B2 BUN &475# - RER
# A urea fo H,O 4 urease M F > # A& NH ' CO; > @ NH, #
2-oxaloacetates NADH+H 4 glutamate dehydrogenase 41t F # g, l-glutamate
Fo NAD'+H,0 - £ 340nm 3% & TR NADH+H 2 B RS RE - T



B BUNZSF-
(5) Creatine-phosphate kinase (CK)Z | &

3 B Merck # 2 /3 fic 8 vy enzymatic kit » B 2 & & &
creatine-phosphate kinase - J& #2 % #| Al phosphocreatin $# ADP £ CK & 1t
F » @7 & creatin fu ATP » # ATP $ D-glucose & hexokinase (HK) Z 4%
IEF# Ak ADP #2 D-glucose-6-phosphate (D-G-6-P) - G-6-PDH #& — ¥ 41k
D-G-6-P & NADP'# g D-G-6-P ~ H' 2 NADPH - NADP" 4 340nm % $: 1%
BB 0 4282 K48 A NADPH 7% R34 4w » £ 340nm & Kk TR ER
A AR P T B il CK #9784 -

(6) Creatinine 2 | %

2 B Merck % % /) 3] fic. 3 &9 enzymatic kit » R & creatinine #-43-& - R
3 % #) A creatine Fv picric acid A MU BH T AL T EZ
creatine-picrate X 44/t&4 » W E A S10nm FTHAHEZZIRKL -

(7) Glucose = ] &

kA Merck % ) ) & & &9 enzymatic kit » ] & glucose 894 & - RE
A #| B B-D-glucose $t NAD#& &5 glucose-DH 4£ A 4 sz, D-gluconolacton ~
NADH $ H' - NAD"# 340nm # #1869 R fd - 4885 F 48 % 4 NADH £ %
WS B Ao 0 £ 340nm K K FRIZRKE M A0 FE > BT J i glucose 99§ -

(8) Plasma iron 2 | &

3B Merck # &/ 5) &2 8 8% enzymatic kit » &% plasma iron 854 F °
BEAABMNT » 10 % 4 transferrin &9 Fe 258 - BFABERBEeL £ C
# B Fe' i Fe*' » B4 Fe’ s £ & A ferrozine 44 & A 4% > X 560nm
b @, o
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(9) Plasma calcium < 3] &

# A Merck # 23] fiz 8 & enzymatic kit » 7] & plasma calcium &4
TRAR  FFHSAEMEE TR OCPC(ortho-cresolphthalein complexon)
YRR R EHEA4 > 2 575nm & K tb & o 3R # v A 8-hydroxyquinoline
Rk sk & T -

4, &3t o

K3 o % 23 ¥ (analysis of variancé procedure):a] X &K Bk 4
FRABFEZR BZAREZEBUTRF A % #5R % (Duncan’s new multiple
range testyi i — 5 o-#7[13] -
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TERTHHRAERLBTE AR 2 4ERHERTEDLLHE
Wisk RAEPEE R NP ERASE 4 EDAT R
AP Eta i TEABMARATURT BT TEATERE
o MAVRINELRFAOEECEEIFZEARBLIAL

TERTHBRAERZELR ST LR 2T BT AR PZE(Zn)f g
(Fe)&F e %50 » 6% 28 49(Cu) » 85(Pb)o4a(Cd)4R £ 4 & (10ppb) ik
T BATEATERASL T B8 ELBAYZRE -

TERTERAGZI X CBENEHANERESELL 3 Air - R
FIORBRBZZCHBERESONRE TRESBRAHELBERS £
AL ETEENE 50%R L > B & T ReEChitosan) £ & » § 10 # £ &
RERZTHCHtNER  ME THEIBRTADEHBEE D > Sk
HECEHE - AR HEBESCEAABLZRAARMEERRA £ FE 7
MEKBARTADEREAR  RESTHNSG 864% R E oz ¥ H
BEST M PAMELBAERSEAS28Y  Brd i 8BAEX
RTRE AXCHEAS  RERDHEREMRERSS -

©TEBRFLANDHRERAN BB NEHALE  SEE 5848
REBAHRERL BT %A T HHBE  AELBRS %S > o
ZEAKRELEFRFAZHE - 588 tb(hepatosomatic index) ~ B #¥ b Fo ek 4k
BESER > FEARALAS D REARRT AT 4ai 58
BAmEFAREHEEBABER (£7) £k DERBEHA L0k
Pl BRI Bk £ LR & 811 R B P 4 A
R EEEREENOE - B HRELRENEES - B 6 BRE
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ALY B ARk E 2 BRR 0 BAERAE AL
ZEHEBEH LA AREREREEINE AP ELAZAHET » 42
N EL T LR DR e S

2R ARG EREHLE T EEF)T5Ca)REZEErHE L, 2
Fiw BAAR Y E2HE R R P2 BNSREH AT - 25—
@ afFPZHHRREANEZRDEREAVE (H3) AFFRE
Bz REEE ABERAER -

A @ ABRRA/LKRR T o2 AST-ALT fo ALP 48 %75
BATRA M § B4 o KRR B2 A M2 B2 ¥ AST - ALT fo
ALP 2 H 8ok 12-14 % » BB HBEH 2 ALt BBEEZY
# .

HEMEHERZ T ROB T ISHE 49T BREALET
ZHRFRERZREBERBENYYE > 2.0 ¥ 2 JUBLET creatinine 88F T
%o B 40 3 & WUBL A B4 A (creatine kinase) 2 E M NBRE L2 B B
zipd (R 16) EXRRANEZHHREHIEABRKEERZ i 2
ERK -

HELERR  FRABzHHBEHELERK Tk~ ok
HUHEHRBBELE  HHELZEHREERR > Haf 2 glucose
Fo creatinine -3 & Fv ULEE 54 5% B85 75 M € FE K- BESR BP0 £(0.25%) A A &
R AT EEsd LR A TELY HEENS TP insulin
ZHER O B ERREeE > REREEEY R T AL B2 E M
B R B2 AR BATR o
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A4R[6, 16145 > B TH (FTE#HAE S0%ATF) ARIRBLLEH
BlEAI0%UAT » B THEBEZBE T5%ANLERE S 5.0% 25 L8E
TS%ALER 25%  Hib o HERERZAAE2ERE 43 —RIBIHE
B AR ERBFEFTFHEIBRRIBESL %A T S A FERR
1% § H R A MATHFBERES - B BRBITRAAE > RFH
1%8 E B2 AALEE - BLEAAN L AARNE (BB mKS)
ZEEREAEEIANA  ERIE 025%2 K HERAE > HEA2
TOHAELEWHVER  E—HoHERBEFZ BRIV ATZIHEBEHE R
R - Rk RBERELERRAREE  BERFE 025%2HHE
BoHeHETHEBMNBREXSE  UANBBBNEZZE 4
WHRAER > Bt B HBEAIRZILRAFRTHHERAEL > TRADEHE
B¥WH THREFrmE A RallER > F—FORIZEHHBENH T
BRES BB B AR PR T Z RIRAIER AL B &L BATIE R KM
EHETRORRAELREGMAAR - BLRBEHT > HEHRETBE
RAGERS RANHBRCHBRANHSXHTRZGRE L
FABRARTFEREHHE BRI TS ALERNIBREIIANER
BEE > ARBIINFRR DT -

AR - ATERTHRARZIOWER MEFCLEEHIATER
B L E MRS E A o b LRSI TR T 4o > 0.25% & # M REE &
EHMZEHEER > BEA a2 AL SBES 25g x 025% X
1000g/250g =250mg/kg-day > AEZ & A %48 & % 250mg/kg - day x60kg
x1/100 =150mg/day - BP BRABRBZAH R TS 1S0mg- TEATHHAE
BB F AR KB ERY - B 1.5z BERBERAEL S AL >
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BLE &b B 5 R E R AR 10% (150mg/1.5g =10%) - B "
BTHBAS SREDEMELEA 10%RT > FRIBET “HHEH
ZEGHHEEEERER" ¥ &5
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b A MRS E BEHBEA o EBELN 10% -
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Table 1. Labeling in chitinous products

Sample Product  Produceror  Date of Date of Suggested  Functional Composition
name saler manufacture  expense using method expound  of ingredient

+ +

omxlc\m-hwm—g

+ 4+ + + + +
+ + 4+ + + 4+ +
[ s i + + + +

+ 4+ +

Yt
fa—y
e i S S S A S S T o S S S S S
+ 4

+H++++F++t A+ttt A+
+++++ A+ o+
+++++++++++++ A+t

1]
R e T T Tk T Tk S S

+ o+ 4o

+: Label; -: Non-label.
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Table 2. The level of heavy metais of chitinous products

Sample NO. Zn(ppm) Cu(ppm) Pb(ppm) Fe(ppm) Cd (ppm)

1 100.82 ND*' ND ND ND
2 ND ND ND 362 ND
3 15.03 ND ND ND ND
4 15.26 ND ND ND ND
5 23.47 ND ND 1020 ND
6 16.44 ND ND ND ND
7 ND ND ND ND ND
8 ND ND ND 87 ND
9 ND ND ND 59 ND
10 ND ND ND ND ND
11 ND ND ND 68 ND
12 ND ND ND 43 ND
13 ND ND ND 249 ND
14 ND ND ND ND ND
15 ND ND ND 262 ND
16 ND ND ND 308 ND
17 68.26 ND ND 135 ND
18 10.77 ND ND 313 ND
19 20.24 ND ND 492 ND
20 64.74 ND ND ND ND
21 ND ND ND ND ND

*:ND : Not detectable and less than 10ppb.
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Table 3. Composition of Degree of deacetylation and Content of glucosamine

for chitinous products
Sample No.  Degree of deacetylation (%) Content of glucosamine
(mg/g)
1 73 0.27
2 79 339.28
3 70 0.22
4 71 1.03
5 74 0.49
6 92 9.09
7 ND*! 863.64
8 98 1.39
9 61 0.31
10 43 0.81
11 94 0.27
12 87 0.54
13 94 318.93
14 74 1.44
15 98 158.3
16 86 0.94
17 60 0.40
18 , 96 302.27
19 84 2.56
20 54 191.36
21 92 0.72

*1:The product of glucosamine.
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Table 4. Composition of the experimental diet in each group for test of glucosamine

' Diets (% )
Ingredient Al B C D E F G
Casein 20 20 20 20 20 20 20
Sucrose 35 35 35 35 35 35 35
Corn starch 25 25 25 25 25 25 25
Corn oil 5.0 5.0 5.0 5.0 5.0 5.0 5.0

AIN-Mineral mix. *2 35 35 3.5 3.5 35 3.5 3.5
AIN-Vitamin mix. *3 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Methionine 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Choline 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Cellulose 10 10 10 10 10 10 10
Glucosamine HCl 0 0.25 0.5 1.0 0 0 0

Glucosamine sulfate 0 0 0 0 0.25 0.5 1.0

"1 A: control
B: 0.25 % glucosamine HCl
C: 0.5% glucosamine HCI
D: 1.0% glucosamine HCI
E: 0.25% glucosamine sulfate
F: 0.5% glucosamine sulfate
G: 1.0% glucosamine sulfate

*23 Mineral and vitamin mixtures shown in Table 5.
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Table 5. Composition of mineral and vitamin mixtures for rat diets

- Mineral mixture Vitamin mixture

Ingredient contents ( g/ kg ) | Ingredient contents ( mg/ kg )
Calcium phosphate dibasic 500.00 |Thiamine hydrochloride 600.0
Sodium chloride 74.00 [Riboflavin 600.0
Potassium sulfate 220.00 {Pyridoxine hydrochloride 700.0
Potassium citrate monohydrate 52.00{Nicotinic acid 3.0
Magnesium oxide 24.00 [D-Calcium pantothenate 1.6
Manganous carbonate 3.50 |Folic acid 200.0
Ferric citrate 6.00 |D-Biotin 20.0
Zinc carbonate 1.60 |Cynaocobalamin 1.0
Cupric carbonate 0.30|[Retinyl palmitate 1.6
Potassium iodate 0.01 |DL-alpha-Tocopherol acetate 20.0
Sodium selenite 0.01 |Cholecalciferol 250.0
Chromium potassium sulfate 0.55 [Menaquinone 5.0
Sucrose ( finely powdered) upto 1kg |Sucrose (finely powdered) upto 1 kg
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Table 6. Effect of glucosamine HC! and glucosamine sulfate on the growth of rats *'

Body weight (g)
Weeks 0 2 4 6 8
glucosamine HCI
A*? 182+19 274122 342420 376423 404122
B 183120 263127 32627 358123 391429
C - 184+18 267+24 320428 361425 404125
D 183114 264120 331+24 362426 398+20
glucosamine sulfate
A 182+19 274422 342420 376123 404122
E 182+12 271+14 339+21 371£19 401+18
F 182415 263%12 33113 36519 393+15
G 183+13 26949 342+18 37721 401123

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 7. Effect of glucosamine HCI and glucosamine sulfate on the hepatosomatic index and
relative kidney weight and feed coefficient ratio (FCR) in rats fed with diet for eight

weeks*!
Group Hepatosomatic Kidney wt/Body wt FCR
Index (%) (%)
glucosamine HCI

A¥ 2.74£0.18 0.70+0.05 5.74+0.79
B 2.931+0.13 0.7610.05 6.34+0.68
C 2.99+0.37 0.75+0.05 5.70+0.42
D 3.01+0.32 0.74+0.03 6.15+0.74

glucosamine sulfate

A 2.74+0.18 0.70+0.05 5.74+0.79
E 2.91+0.28 0.72+0.05 5.7540.36
F 3.0410.50 0.74+0.06 6.06+0.59
G 3.0540.31 0.731+0.08 5.70+0.36

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different

glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 8. Effect of glucosamine HCI and glucosamine sulfate on the red blood cells (RBC) of

rats *!
RBC (10°cell/ 1)
Weeks 2 4 6 8
glucosamine HCl
A*? 4.0630.50™ 6.98+0.40™ 5.66+0.81™ 9.25+0.36 ™
B 5.29+1.12% 8.09+0.80 ™ 7.04+1.02% 9.57+0.34 ™
C 5.49+0.81 ™ 8.8310.50™ 6.1040.78 *>* 8.974+0.46 ™
D 5.35+0.44™ 8.72+0.62* 6.08+0.99*>* 9.10+0.90*
glucosamine sulfate
A 4.06+0.50 ™ 6.98+0.40™ 5.6610.81 % 9.25+0.36™
E 6.21+0.90 ™ 8.4340.52™ 6.12+1.01* 8.59+0.79 ¥
F 5.8540.65™ 8.21+0.80 ™ 5.86+0.68 > 9.07+0.51*
G 6.18+0.60 ™ 8.2240.57™ 6.0910.86 ™ 9.34+0.38 ™

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 9. Effect of glucosamine HCI and glucosamine sulfate on the white blood cells (WBC)

of rats *!
WBC (10°cell/ 1£1)
Weeks 2 4 6 8
glucosamine HCIl
A¥? 6.3+1.2% 7.6+1.6™ 7.340.4™ 4.7+1.2%
B 4.8+1.4™ 7.8+1.6™ 5.8+1.7% 3.1+1.1%
C 4.5+0.9% 6.2+1.3* 7.0+1.8™ 5.1+1.0™
D 7.141.4% 7.040.5™ 7.4+13% 3.9+1.4%
glucosamine sulfate
A 6.3+1.2% 7.6+1.6°™ 7.340.4™ 4.7+1.2°%
E 4.4+0.5% 9.0+1.4™ 7.940.7™ 5.140.7%
F 6.0+1.0*™ 7.840.9°% 6.4+1.4% 3.5+0.9%
G 4.7+1.1% 6.3+1.4™ 6.4+1.1™ 43+1.1%™

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different

glucosamine forms within different diets as ranked by least square means.
*2: See Table 4.
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Table 10. Effect of glucosamine HC1 and glucosamine sulfate on the hematocrit (HCT) of rats

|
HCT (%)
Weeks 2 4 6 8
glucosamine HCl
A¥? 22.7+3.7% 36.4+2.0 % 25.542.2% 45.4+3.3 %
B 28.245.8% 37.5¢1.2% 33.043.8% 41.3+2.5%
C 28.9+4.6 ™ 41.8+1.2% 29,143.4 % 47.342.8%
D 28.242.1% 42.742.8% 28.842.8 %% 44 6454
glucosamine sulfate
A 22.743.7> 36.4+2.0> 25.542.2 % 454433 %
E 33.044.3™ 41.842.8% 27.442.8%% 28.146.5%
F 31.943.1% 42.6+2.6™ 30.143.7% 46.3+4.0™
G 30.9+4.1* 41.0+£3.0% 29.6+1.9 3% 44 842 5™

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different

glucosamine forms within different diets as ranked by least square means.
*2: See Table 4.
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Table 11. Effect of glucosamine HCI and glucosamine sulfate on the hemoglobin (HGB) of

rats *!
HGB (g/dl)
Weeks 2 4 6 8

glucosamine HCI

A*? 12.6+0.7* 13.840.4™ 15.740.8 18.740.6 >

B 12.840.9* 15.841.6™ 16.4+1.1 17.9£0.9%

C 12.740.5* 15.6£1.2* 16.4£1.0 19.840.5 ™

D 11.640.7% 16.541.0™ 16.0+1.3 19.340.7°%

glucosamine sulfate

A 12.6+0.7* 13.8+0.4™ 15.740.8 18.7+0.6 >

E 12.440.7% 16.3+0.6™ 15.6+1.2 17.840.9%

F 11.940.6 ™ 16.240.9™ 15.941.0 19.3+0,9™

G 12.540.7™ 15.940.6 ™ 16.5+0.9 20.240.4™

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 12. Effect of glucosamine HCI and glucosamine sulfate on the activity of aspartate
transaminase (AST) in the plasma of rats *'

Activity of AST (U/l)
Weeks 2 4 : 6 8
glucosamine HCI
A*? 7947 64+3 ™ 7446 79410
B 86110 6644 ™ 7248 % 7849
C 92+15 82+6™ 71412 74+7
D 83+10 7845 = 7247 78+9
glucosamine sulfate
A 79+7 6443 ™ 7446 79410
E 8049 C 6336™ 6946 ™ 7318
F 8315 6746 % 7247 74+8
G 82+10 69+7% 6145 7346

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 13. Effect of glucosamine HCl and glucosamine sulfate on the activity of alanine
transaminase (ALT) in the plasma of rats #1

Activity of ALT (U/l)
Weeks 2 4 6 8
glucosamine HCl
A*? 2744 . 2043 2243 3142%
B 2543 20+4 2145 2744 %
C 2645 23+4 2344 3248 %
D 2616 211 21+4 3247 %
glucosamine sulfate
A 27+4 2043 2243 3142 %
E 2242 1843 19+4 2846 ™
F 2245 2043 2042 23+4 %
G 2446 20+4 1946 2447

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 14. Effect of glucosamine HCI and glucosamine sulfate on the activity of alkaline
" phosphatase (ALP) in the plasma of rats *1

Activity of ALP (U/)
Weeks 2 4 6 8

glucosamine HCl

A¥? 215433 215433 175435 164433

B 215439 212445 161139 151447

C 244433 244433 194432 175426

D 251426 252426 185422 156146
glucosamine sulfate

A 215433 215433 175435 164+33

E 211438 210438 186+48 173431

F 221433 221433 180422 173+23

G 237442 237+42 171440 157439

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; Xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 15. Effect of glucosamine HCl and glucosamine sulfate on the activity of blood urea

nitrogen (BUN) in the plasma of rats *'

Activity of BUN (mg/dl)
Weeks 2 4 6 8
glucosamine HCI
A*? 14.65+1.15 13.7240.98™  15.31+1.28* 18.53+1.55
B 14.64+1.66 14.64+1.93%™  17.50+2.02% 19.04+2.49
C 15.70+1.48 15.89+1.29™ 15.7142.22% 20.96+1.47
D 15.30+2.26 12.96+1.23 > 12.9842.11 ™ 18.03+2.01
glucosamine sulfate
A 14.65+1.15 13.7240.98 = 15.3141.28* 18.53+1.55
E 12.65+2.32 13.1241.99™ 12.26+1.98% 18.81+1.22
F 15.0342.89 13.54+1.57™  14.95+2.54 %™ 22.48+2.37
G 13.7942.63 13.83+1.01™  13.264+2.58 18.92+2 .45

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Table 16. Effect of glucosamine HCl and glucosamine sulfate on the activity of
 creatine-phosphate kinase (CK) in the plasma of rats *'

Activity of CK (U/l)
Weeks 2 4 6 8
glucosamine HCI
A*? 364+10™ 261+16™ 234421 295422 =
B 283419 237+16™ 177416 ™ 252421 >
C 330+19™ 240426 2 185+16 ™ 262+14 %
D 326423 ™ 225422 175428 > 246125 >
glucosamine sulfate
A 364+10™ 261+16™ 234421 ™ 295422 *
E 319427 224414 187416 256+17%
F 320+24 > 215+22% 183+15™ 239+55 %
G 258+20% 194+ 19 151+13 229421 >

*1: Different superscripts ab indicate significant difference (p <0.05) between different diets
within glucosamine; xy indicate significant differences (p<0.05) between different
glucosamine forms within different diets as ranked by least square means.

*2: See Table 4.
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Level of plasma iron (mg/dl)
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Fig. 1. Effects of glucosamine HCI and glucosamine sulfate on the level
of iron in the plasma of rats fed diets after 8 weeks.
*: Diets A-G were shown in Table 4.
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Level of plasma calcium (mg/dl)

12 4 glucosamine HCI

-

10 4

12 ~
glucosamine sulfate

10

A* E F G
Fig. 2. Effects of glucosamine HCI and glucosamine sulfate on the level

of calcium in the plasma of rats fed diets after 8 weeks.
*.Dites A~-G were shown in Table 4.
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Level of glucose (mg/dl)
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Fig. 3. Effects of glucosamine HCI and glucosamine sulfate on the level
of glucose in the plasma of rats fed diets after 8 weeks.
":Different superscripts ab indicate significant difference (p < 0.05)
between diets within glucosamine; xy indicate significant differences
(p< 0.05) between different glucosamine forms within different diets
as ranked by least square means.

"2:Diets A-G were shown in Table 4.
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Fig. 4. Effects of glucosamine HCI and glucosamine sulfate on the level
of creatinine in the plasma of rats fed diets after 8 weeks.
"I:Different superscripts ab indicate significant difference ( p<0.05 )
between diets within glucosamine; xy indicate significant differences
(p<0.05) between different glucosamine forms within different diets
as ranked by least square meana.

"2:Diets A-G were shown in Table 4.
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