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Abstract

The effects tea beverages (TBs) prepared from powdered green tea (Gt), oolong tea (Of), black tea (Bt), or pure
tea (Pt) with lemon, orange, grenadine etc on cadmium toxicity in rats were investigated. Sensory evaluations of
the TBs are better than those of each water extracted teas. Cadmium (50 ppm) was administered to experimental
rats fed a basic diet, or a diet with various TBs (15%, w/v), for 5 weeks. Although body weight gains, feed intakes,
and fecal weights in all Cd-treated groups were lower than those in the normal control group (NC), feed efficiency
ratio, urine volumes, liver weights, and kidney weights did not differ significantly between groups. The serum
ALT and AST levels in the Cd-treated control group (Cd-Co) were higher than those in the NC animals. Serum
ALT and AST levels in all Cd-treated rats fed TB-supplemented diets were lower than in animals of the Cd-Co
group. Tibia and femur weights in Cd-Co animals were lower than those in NC rats. Tibia and femur weights
in Cd-treated rats fed TB-supplemented diets were higher than those in Cd-Co animals. There were no between-group
differences in tibia lengths; animals in the NC and TB-supplemented diet groups showed femur lengths longer
than those of Cd-Co rats. Although the contents of crude ash and cadmium in the fermms of Cd-Co rats was markedly
higher than in the fenmns of NC animals, the calcium content in fermus of Cd-Co rats was significantly lower
than that in the femans of NC animals. The changes in mineral levels caused by Cd administration were alleviated
by every TB-supplemented diet tested. Whereas fecal calcium excretion by Cd-Co animals was significanfly higher
than that of NC rats, calcium excretion by Cd-treated rats fed TB-supplemented diets was significanfly lower than
that of Cd-Co animals. Fecal cadmium excretion by all Cd-treated rats fed TB-supplemented diets was significantly
higher than that of Cd-Co animals. In conclusion, this study provides experimental evidence that various TBs may
regulate cadmium-induced organ toxicity by reducing cadmium accumulation in tissues through the mechanism of
increasing the fecal excretion of cadmium.
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Table 1. Compositions of tea beverages

Ingredient Gi-beverage  Ot-beverage Bt-beverage Pt-beverage

Powdered green teal)(mL) 130 -
Oolong tea extract” (mL) - 130
Black tea extract’ (mL) - - 130
Puer tea extract” (mL) - - - 130
Lemon juice (mL) 65 65 65 65
Orange juice {mL) 508 380 380 380
Sugar syrup (mL) 40 40 40 40
Grenadine (mL) - 128 128 128
Natural water (mL) 257 257 257 257

Total 743 743 743 743

20 g of the powdered green tea was suspended in 1000 mL of natural water,
™20 g of the each tea were extracted with 1,000 mL of boiling natural water
for 1 hour.
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Table 2. Experimental plots and compositions of basal diet
©

Ingredient NC” cd-Co’ ca-G” cd-0t” ca-Br™ cd-pt?
Casein 180 180 180 180 180 180
Com starch 68 668 518 518 518 SI8
Cellulose 50 50 50 50 50 50
Com ol 50 50 50 50 50 50

AN mineral mixture” 40 40 40 0 40 W
AIN vitamin mixture® 10 10 10 10 10 10

DL-Methionine 2 2 2 2 2 2

QOolong tea beverage” - - - 150 - -

Black tea beverage” - - - - 150

Puer tea beverageﬁ) - - - - - 150
Total 1005 998 1000 1,000 1,000 850

YAIN mineral mixture (g/kg): calcium lactate 620.0, sodium chloride 74.0, potassium
phosphate di-basic 220.0, potassium sulfate 52.0, magnesium oxide 23.0, manganous
carbonate 3.3, ferric citrate 6.0, zinc carbonate 1.0, cupric carbonate 0.2, potassium
iodate 0.01, sodium  selenite 0.01, chromium potassium sulfate 0.5, finely powdered
to make 1,000 g.

AIN vitamin mixture (mg/kg): thiamin-HCl 600, riboflavin +600, pyridoxine-HCl
700, nicotinic acid 3,000, D-calcium pantothenate 1,600, folic acid 200, D-biotin
20, vitamin By, 2.5, vitamin A400,000 IU, vitamin D3 100,000 IU, vitamin E 7,500
IU, vitamin X 75, finely powdered to make 1,000 g.

*9See Table 1.

™2 Abbreviations: NC; normal control, Cd-Co; Cd control, Cd-Gt; green tea beverage
and Cd intakes, Cd-Ot; oolong tea beverage and Cd intakes, Cd-Be, black tea beverage
and Cd intakes, Cd-Pt; puer tea beverage and Cd intakes,
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Table 3. Sensory evaluation of tea beverages

(scores)
Tea” Smizm Color” Flavor® Taste” Overql! 6
beveragesz) acceptability
Suspension  2.99+032%"  2.83:026° 308:0.17° 302028
. Beverage  3.83+028"  362:020" 403:026" 388+034*
Extact 307027 287:10.14%  290:016® 3.10:0.19°
> Beverage  438:038%  394+028" 423:030" 4181032
Bxtract  2.88:025° 304:0.19° 315:022° 307:029°
g Beverage  4.11:040"  397:028"  428:036"  4.20:043"
Exiract  2428026°  268:0.14° 207+020° 230:025°

Pt

Beverage  385:043" 355:026° 3731029  374:032%

;;Abbreviations: Gt; powdered green tea, Ot; oolong tea, Bt; black tea, Pt; puer tea.
3%Sf:e Table 1.
Sensory scores were evaluated from very poor(1 point) to very good (5 points).
alues are meansstandard deviations of 50 penels, different superscripts within a
column (A-B) indicate significant differences at p<0.05.
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Table 4. Dietary effect of tea beverages on the weight gain, feed
intake, water intake and FER in Cd administered rat feed for 5
weeks

y ol body  Final body weight Weight gain Feed inhes o
I weight (g) © (g/week) (gfweek)
NC 1910012066 476742663% 41331365" 187874 397" 025:000°

CdCo 1713311537 %650:3699° 350364765 16560+ 607° 0211002

CdGt 1820041700 354005545 34404826° 1577:1221"  0.19:0.04

CHOt 183416 IABHAP B220P 17013 456 021200

CABt  IT800:33.15 361331727 3667381° 171871372 0212002

CdPt 18867+ 416 3646744884 3520:001A° 169801987 021002

"See Table 2.

Peed efficiency ratio: weight gain/feed intake.

INot significant.

*Values are mean<SD of 7 rats. Different superscripts within a column (A-B) indicate
significant differences (p<0.05).
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Table 5. Dietary effect of tea beverages on the amounts of urine
and feces excretion in Cd administered rat feed for 5 weeks

Groups” Urine (mL/day) Feces (g/day)
NC 187312477 0.90:0.06™”
Cd-Co 17.7242.05 0.73007°
CDGt 17.88+2.00 0.74:003°
CD-Ot 17.50+2.06 0.75:0.06°
CD-Bt 17.53+1.82 0.78+0.05°
CD-Pt 17.06+2.17 0.76+005°
"See Table 2.

Not significant.
Walues are meantSD of 7 rats. Different superscripts within a colurm (A-B) indicate
significant differences (p<0.05).
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Table 6. Dietary effect of tea beverages on the organ weight in
Cd administered rat feed for 5 weeks

Groups” Liver weight ~ Liver weight/ Kidney weight Kidrey we_i ghy

ST (gt body weight (%) (g bOd{%")Ve‘gh‘
NC 4 g0inag® 3416028 299:038°  0.70:006"
CdCo  947:049°  273:025°  204:025° 050003
CDGt  1148+063° 3242021 253013 0712011
CD-Ot  1287:216"  343:039"  298+035"  080+0.11*
CDBr 1173115 32560200 253+026°  0.70:007°
CD-Pt 1217124 33420000 2524018°  069+0.10"

See Table 2.

MWalues are mean+SD of 7 rats. Different superscripts within a column(A-C) indicate
significant differences(p<0.05).
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Table 7. Dietary effect of tea beverages on serum AST and ALT
activity in Cd administered rat feed for 5 weeks

(Karmen units/L)
Groups” AST ALT

NC 151.97+7.48% 40.144372°
Cd-Co 177.4749.25" 59.68+4.61

Ca-Gt 156.93+8.33° 45.4243.40°

Cd-Ot 14870+7.23° 45724330°

Cd-Bt 159.4318.16° 43,14:352°

Cd-Pt 161.87+48.89™ 457243.14°

See Table 2.

alues are mean+SD of 7 rats. Different superscripts within a column (A-B) indicate
significant differences(p<0.05).
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Table 8. Dietary effect of tea beverages on the bone and lengh
and weight in Cd administered rat feed for 5 weeks

Groups ) Tibia Femur
Length (mm)  Weight ()  Length (mm)  Weight (g)
NC  400:010% 043003 383:025*  056:007"
CdCo  387+006"  037:000° 3174032°  045:000°
CdGt  387:006™  039:003"®  370:026A°  050:005"
CdOt 3934006  040:003* 390+0.10"  052:006™
CdBt 3831006  039:002®  377:0.12*  051:004™
CdPt  387:0.12°  038:002*® 380+0.07"  048:002"®

USee Table 2.
PValues are meantSD of 7 rats. Different superscripts within a column (A-B) indicate
significant differences (p<0.05).

0
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Table 9. Dietary effect of tea heverages on the Cd and Ca contents
of femur in Cd administered rat feed for 5 weeks

(dry weight basis)

Groups” Crude ash (%) Cd (ppm) Ca (ppm)

NC 36140577 0.08+ 001° 6700:830"
Cd-Co 40.72+0.64* 123.28+13.96" 3760+470°

Cd-Gt 37.02+1.02° 28.82+ 432° 4040+490°

Cd-Ot 35314167 23.07+ 2.09° 54204760A°
Cd-Bt 35.6241.13° 2509+ 326° 4140+550°

Cd-Pt 36.01+1.08 2440+ 2.76° 4550+600°

USee Table 2.
PValues are mean<SD of 7 rats. Different superscripts within a column (A-C) indicate
significant differences (p<0.05).
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Table 10. Dietary effect of tea beverage on the Cd and Ca contents
of feces in Cd administered rat feed for 5 weeks

(dry weight basis)

Groups” Crude ash (%) Cd (ppm) Ca (ppm)

NC 13.07+052% 0.02:0.12° 146.24+19.69°
Cd-Co 12.75:038" 2.06+0.30° 276.08+31.39*
Cd-Gt 13.35+027% 4.38:0.52° 197.4741331°
CdOt 13.28:027° 545:027" 17481:11.38%
Cd-Bt 14.80:0.59* 5.35+0.29* 182.37+14.04°
Cd-Pt 1346:042° 5402040 178.96+13.34%

"See Table 2.

*alues are mean+SD of 7 rats, Different superscripts within a column indicate (A-B)
significant differences (p<0.05).
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