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Effect of vy -PGA (Poly- 7y -Glutamic Acid) Supplement on
Calcium Absorption and Bone Metabolism in Rats

Min-Sook Leef, Jung-Il Kang and Hyun-Su Kim
R&D Center for Functional Foods, Institute of Food and Culture, Pulmuone Co. Ltd., Seoul 120-600, Korea

Abstract

This study was conducted to investigate the effect of ¥ ~-PGA (7 —poly glutamic acid) on Ca absorption and
bone metabolism in rats. Weaned 4-week old male rats were fed Ca-deficient diets for 3 weeks after the
adjustment period. Rats were divided into 6 groups and were fed experimental diets for four weeks. Exper-
imental groups were basal (Ca deficient), control (Ca diet: Ca 0.45%), CP1 (Ca 0.45% + casein phosphopeptide
1%), PG1 (Ca 0.45% +gamma poly glutamic acid 1%), CPG (Ca 0.45% + casein phosphopeptide 1% +gamma
poly glutamic acid 1%) and PG3 (Ca 0.45% + gamma poly glutamic acid 3%). Though daily Ca intake and food
intake of experimental groups showed no significant difference that of control group. The values of fecal Ca
excretion and urinary Ca excretion in groups fed 7 -PGA were significantly lower than that in the control group.
The values of Ca absorption in groups fed y -PGA were significantly higher than that in the control group.
The levels of femur Ca in 7 -PGA supplemented group were significantly increased compared to the control
group. Also, breaking force of femur in 7 -PGA supplemented group showed about 40% increase compared
to the control group. These results show that 7 -PGA supplement could be helpful to increase Ca absorption
as well as to intensify the femur strength and to increase the Ca content of femur in rats.
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acid, 7 -PGA)°] AWdA ZAFEF4E FAAN7IE 7%
(89)e] sl&o] AH L glo] AVlEA AME F5 Wi
aurh v -PGAw SF2AE v 7125479} 372419
a-otvel7]7} ofvtolm AR y-Eeelo]=R v
Fol oafA] Habs = ofwl i AbA Eelmoit}(10). X &7t
2] Natrialba aegyptiaca, Bacillus anthracis, Bacillus mes-
entericus, Bacillus licheniformis, Bacillus magaterium,
Bacillus subtilis 5-8] @57} AASHE 7102 BaxEe] 9f
o 3 ulg AE | W E] Bacillus subtiliso) 2] s A] ABA]
H = 7 -PGAZ} 7F kA o]th(11). ¥ -PGAS] B.u5] &
FToRw WAdrEs £, AX W Al 2 utele 2 el el
SEES S P EREE B ES FESL AR
o] 9lew(12-14) 2 & HZe] A= s A
% ZA el D@ 718 & ob A sHals) v A 9l
Tanimoto 5(9)-2 pH7} W2 &Ab8hol| A Ca £-8

AN T 28] FFHALE A A

7P 7= Ao Bastgdnt ey o
Eolo] &%t in vivo BRI EA ¥ -PGA~
AN E AR zAL B3t YA ol

o s Aaselol & Aoz xal
shelq & ATl L GAF Aoz B 20 2
# AalstlA ¥ -PGARFO] A FHES 24 2 o
Abel] vlAE o3& dobrE izt AAE
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EE52 437385 Sprague DawleyZ o2
7 37 70mte] & Fdste] 177 dub I ARS(ETHA

A

e} 3 Biokorea, 73715)1 AEAZ H, AEHdPS =3
71 $18) 354 AEZA P el s F98 ¥ ¥ (random-
ized complete block de51gn)°ﬂ 94 o) ZF 159 10°2] 4 63
22 vk & T2 A A A g alel g 4577
Az, g T T ii’%*&rna,ur‘ﬂzl 472 %‘ﬁ'%"—uj'
1} A 22k ¥ -PGA, CPP, v -PGAS} CPPE % o}
A EE A}SAL] AYRAAL &% 22+2°C FE
S 1242k cycle® frA 3kl o, &
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B Alg o Alg-¥l Alo]3 A2 Table 13 ok AT
@ basal- #7243 7+(Ca free group) @ control-ZHF H. &7
(scallop shell powder 34.4%(Ca 36%), fish bone meal
65.6%(Ca 38%), total Ca 0.45%) 3 CP1-CPP1% X Fv-(Ca
0.45% -+ casein phosphopeptide 1%) @ PG1- ¥ ~-PGA1%H.
Z7(Ca 0.45%+ poly gamma glutamic acid 1%) & CPG-
CPP1%9} » -PGA1% ¥ Z7-(Ca 0.45% +casein phospho-
peptide 1% +poly gamma glutamic acid 1%) ® PG3-
PGA3% H.F7-(Ca 0.45% + poly gamma glutamic acid 3%)
o2 Wrel Aol g zAsgch B AU B4F
Zoll A #-91 Foll otz slefu] 2% (scallop shell
powder, 4 NC Corp.)3} ¢]-F*(codfish bone, €& NC
Corp.)-& AH&313t}. v -PGA-2 Bacillus subtilisell 2]%
W s Ao o s Ala% 9 Vedan, Ltd. o4 7)o
oy -PGA9] &% v]iZE 93} casein phosphopeptide-2-
$-F casein(ZFA a1, A o] Al)-& whul A E3j F4q] EF Al
218k 7} H-aff A ol 23 A Z% dE Meiji Seika Kaisha,
Lid.oll 4] T-slstsdct. CPPe} y -PGAS] FH%2 7]&9]

Table 1. Composition of the experimental diets (g/kg)
Group"
Ingredient Basal Control CP1 PG1 CPG PG3
(Ca deficient) (Ca) (CPP1%) (PGA1%) (CPP12%6+PGA1%)  (PGA3%)
Corn starch 538.6 5175 507.5 5075 4975 4775
Casein 200.0 200.0 200.0 200.0 200.0 200.0
Sucorse 100.0 100.0 100.0 100.0 100.0 100.0
Soybean oil 70.0 70.0 70.0 70.0 70.0 70.0
Cellulose 50.0 50.0 50.0 50.0 50.0 50.0
Mineral mix” 259 35.0 35.0 35.0 35.0 35.0
Vitamin mix’’ 10.0 10.0 10.0 10.0 10.0 10.0
Choline chloride 25 25 2.5 25 25 25
DL-methionine 3.0 3.0 3.0 3.0 3.0 3.0
- Ca” 120 12.0 12.0 12.0 120
CPP 10.0 10.0 10.0
PGA 10.0 10.0 30.0
Total 1000 1000 1000 1000 1000 1000

"Basal (Ca free), Control (Ca 1.29%), CP1 (Ca 1.2%+ casein phosphopeptide 1%), PG1 (Ca 1.2% +poly gamma glutamic acid 19%6),
CPG (Ca 1.2%+casein phosphopeptide 1% +poly gamma glutamic acid 19%), PG3 (Ca 1.2% +poly gamma glutamic acid 3%).

?The composition of mineral mix was based on AIN~93G (calcium free).

®Vitamin mix: AIN-93.

YScallop shell podwer 34.4% (Ca 36%) and fish bone meal 65.6% (Ca 38%).
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Table 2. Body weight, body weight gain and food efficiency rate (FER) in the experimental groups

Group" Initial BW (g) Final BW (g) Weight gain (g/day) Food intake (g/day) FER?
Ca-deficient 105.0317.107%% 34313£1957 4.86%0.43" 18.63£2.29™ 0.26 002"
Control 104.93+556 364.73+£27.62° 5.30+0.50" 19.24£2.20 0.28+0.03
CP1 105.03=7.01 354.24+13.00" 5.00+0.33° 19.48£2.41 0.260.02
PGl 104.83+5.79 374.45+16.70° 5.50+0.35" 19.68+2.49 0.28+0.02
CPG 105.38+6.01 373.79+15.55° 5.48+0.37° 19.45£261 0.2810.02
PG3 105.56+7.70 366.34+ 18.76 5.32%+0.3%° 1922245 0.28+0.02

YGroups are the same as in Table 1.

2'Food Efficiency Rate = Body weight gain (g)/Food intake (g).

3 Va lues are mean=*SD.
Not significant,

Different superscripts within the same column indicate significant differences (p<0.05) among groups by Duncan’s multiple range

test.
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Poig AR A= P2 AEs)] BAG BejolE
2%, Qe A 58 AR F AEAE F L ERATIY
o} 9} W2 AP FE o] F A metabolic cageollA A -84
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WEERE

g o) ul o] 35k F4 @ F7 3 A (bone formation)
gl 8A alkaline phos-
phates(ALP)&] 2 % kind-King2] 8]4H-8 o]&3} kit
(o}ArA k)& A} o EXAslgdcl(15). k9 ¥ 5 creati-
nine@r &2 Jaffe reaction-s ©]-&%F kit(oh4tA k)& A}-&-3)
o] 22319l v & F hydroxyprolined -2 Bergmani}
Loxley &) vhl(1g)o.2 njAA ekslgit) wet d3: Caglade
OCPCH & o]&3F kit(obitAleh) & Al&-3le] Z2A 3o

F7e 2D dEy o F Ca FFSA - i w2
4 L 105°Coll A AR F 550~600°C2] 3] 324 6~
8A17r 35 A1 A 32 3] F-3 HCIE- N4 £33 3 343}
ICP(Inductively Coupled Plasma Atomic Emission Spec-
troscopy(JU 38S, France) 2 &4 3t} th ¥ 2 7= Tex-
ture analyzer(TA-XT Plus, Stable Micro Systems Ltd
UK)%E o]43}] plunger7} v 9] 4 %9 2=
g F 3mm/sec®] FER A E L %‘i}/‘)ﬂ»
oluf plungerell 71813l sl (kg)E Zol(mm)
2 S (mm)ell & hardness(kg)Z vFebi k(7).
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3ol ZH X B
Ao FHPA 2 F ALPY A7 Ca¥rs-S Table 3
et sith ALPE &7 3 A (bone formation) 3 37 o]
L Aoz el glov] olo &L Ya g BFAF S
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Table 3. Alkaline phosphatase and Ca concentration in
serum

Group'' Alkaline phosphatase (IU/L) Ca (mg/dL)
Ca deficient 153.75 + 25,797 6.38+0.70

Control 85.00£12.07° 6.98+0.65"
CP1 76.95+595% 6.59+0.55%
PG1 68.63+6.00° 6.88i0.38“h
CPG 80.38+7.56™ 7.15%0.39°

PG3 78.00+9.85™ 6.94+0.36™

’”Groups are the same as in Table 1.

“Values are mean=+SD.

IDjifferent superscripts within the same column indicate sig—
nificant differences (p<0.05) among groups by Duncan’s
multiple range test.
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(ZErs)e) vl&l 7y -PGA 1%E 4 2538 45
7352%2 5213 Ql F7FE vrebislel o] &= dj &Rl vl 5]
R E T =202 FrE9 Aol ¢lA T Tanimoto
(9ol & ATl A R Te Blel ¥ -PGA B39 Z

HFET&0) 53%°) 4t Sbsldnke A el dA g} e
vy -PGA 1%} 7 -PGA 3% B.&| u}& ZAgEs&2
Z}7k 73.52%, 72.09% 2. F ol w}a‘ 2tol = ¥o)A] ekt
®£3 CPPE A5 159 §482 6741%2 v -PGAE

B3 2Fel vl I %—’F%-% Byjon y-PGA®}

CPPE @4 B33 189 F44L 73.67%2 7352%9]
y PGARST fAe 55 eh gl
CPP(casein phosphopeptide) & - casein(Z}A] 41, #} o]
ADE el Rl aag EfAle] o8 7R Ee] AA
He Ao o A7) o3 Y F45 &XMWE
71 0] W8] A tH(25,26). Naito 5-(27)-2 CPP7} 423 E 4xof 9
3 AW7] oj7 1, & Caol23 71449 948 A7)
ool Ca®l §5F S8l Aoz Basigdd. & 25
o] 457 YA = 7184 AR Aol S sof |
=l 2o pHe e S 7]&o1H glo] Zgo]
AAAY £43157) 41-& A7t Ho) A3l &
FE 2] Fata Ao 2 e = A, CPP7E #Aa-8 7HE-3H4]
Ao2AH F4E FA3 == wlAYZo|vH2829). ¥ -
PGA«] 25545 71 AT CPPY} §-AH5to] 4kl 3ol 4] 2+
L84S FAAAN T #AEY FAAE FHA7E A
o2 AFHI UH9). olet FA ¥ -PGAE & ellA]
g SIS AAALLZN F5FE SV 7= A
o 1151713 3194 tH(30,31). o] 2f gk AP -l o &) &
Aol A= FF71H o] frabslar o)v] &AFo] Xa® CPP
HEI1FE —PGA«] EFASFE AT Az F R AY
o Frlatodnt. B AT AETE AT 1
vld 253 CPPE B5g 182 F5&) oAz &
ko y-PGAE REUE 3¢ CPPE BEg 2E5H )
& F5EE 9% 5 U ol AgAne
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Table 4. Calcium intake, Ca absorption and retention in the experimental groups

G D Ca intake Fecal Ca excretion Urinary Ca excretion Ca absorption Ca retention

roup {mg/day) (mg/day) {mg/day) rate (%) (mg/day)”
_Ca deficient - 350055 006+004°

Control 86.16+10.52™% 37.32+10.26° 0.14+0.04 56.53%=11.23" 4870112.36

CP1 87.2110.11 28.28+10.08™ 0.14+0.12° 67.41£11.53" 58.79+10.05"

PGl 83.12%11.06 23.22+10.86" 0.12+0.03" 73.52+13.52" 64.78+111.93°

CpPG 87.08%t11.41 22.82+9.07° 0.10+0.03" 73.67110.44° 64.15+9.09°

PG3 86.05+£11.96 23.93+:897" 0.09+0.04™ 72.09+10.45" 62.03+8.99"

(rroups are the same as in Table 1.

(,a absorption rate (%) = (Ca intake —fecal Ca excretion)/Ca intake X 100.
(,a retention (mg/day) = (Ca intake—fecal Ca excretion—urinary Ca excretion).

\/ alues are mean=XSD.

Different superscripts within the same column indicate significant differences (p<0.05) among groups by Duncan’s multiple range

test.

"Not significant.
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Table 5. Hydroxyproline and creatinine contents in urine
Group"' Hyproxyproline (ug/d) Creatinine (mg/d) OHPr/Cre (ug/mg)
Ca deficient 93.98+31.40°™% 2.04+055" 4742%1510™°
Control 79.78+41.94 2.12%1.19 42.13+2571
CP1 81.98+18.17 2.2810.83 40.86+18.37
PGl 67.07=14.82 237125 38.70+£25.00
CPG 77.42£19.65 2.44£1.00 36.65 1881
PG3 87.67+2253 2.31£0.83 46.15%230.44
.“Groups are the same as in Table 1.
%’Va]ues are mean £ SD.
*Not significant.
PGARFS] BFeE FAl9) B0 A4rhe A 1200 s7707
€ BoFe Zole A
1000 + 86050% 91 1o 69599%
w % hydroxyproline(OHPr) 2 creatinine(Cre) &t € a0 | croqp 5359 —L l T
TE4 A EQ A F9 hydroxyproline® creatinine2] 5 :
B] & Table 59 Yeb o} hydroxyproline®] 7% 27k § 600
o f-odql Aol oot BEAH T 9398431400 F 400 L
/Ao A% ey 2 A § 7 -PGAS 23 1F 2
2 67.07+1482 ug/d2 7P ol £ 182kl §2A Ao 200 ¢
2 B (p<0.05). Horsman® Gallagher(32) 2 Dull#} 0 ' : . : :

Henneman(33)2 Ztg 3 o] 27} 4% 9 hydroxypro-
line A 3ko] -2 AlREE] FAEAo] ¢ whas] dofd
S B3k u} glo}, 2 AP T T dAalel Aot S-S
A e g »olF 3 glrt Creatinined 3-9%= 54547
0] 204055 mg/d& Y= 2Ex ) GA vegton 1

kel freofgt ikol sl OHPr/Creo] 7§ 214
ol gl ot AEAP o) 47421151 ug/mgE A =
o} A E37} 1E°W+ e AAE gl w4

253 §7 CPPe} v -PGAE B35 15°] 36.65i6b ug
/mgE 7hA e A Bk vt 2 v -PGA
1%E 223 285 387012500 pg/mg o2 & 732
Bl Wi y ~PGA 3% K% 154 = 46.15+30.44 ug/mg
o2 ZuAPTId FARE S eb et o] % *Lol
3 A= FF y -PGA 58 228 Frld 7t 2

.]

HAog melrt
Chel=el Zagd ¥ 235
g Fe| ZrsbefS Fig. 1, HEF9Y 7%= Fig. 29
2ot & F AedHe AERgTol 51677 mg o2 7}
ok A 2553 £ 74 Aol 5 Jé.oﬂu}(p<0 05> -3

¥ -PGA 3% 8 332 22} 691.19 mg, 877.07 mgii 7L~i,f
t&% AFHE 2B v ¥y -PGAS REFYL AL Fh

59%0llA] # T 33%7FA] BE o]E2H o R foHorn =2
i&*é}ﬂ" B (p<0.05). HEFRE v a2FELe

0

_L

24 (p<0.05) 2o E Bof A g o] 13.79 kg o2 7}
Aol A H RS 157 kg o B #aAd H s} 21

Ca Control CP1 PG1 CPG PG3
deficient Group
Fig. 1. Calcium content of femur in the experimental groups.
“"Different superscripts indicate significant differences (p<0.05)

among groups by Duncan’s multiple range test.
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deficient Group

Fig. 2. Bone breaking force of femur in the experimental

groups.

"“Different superscripts indicate significant differences (p<0.05)
among groups by Duncan’s multiple range test.
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).

s e z‘;oﬂ, 7 -PGA X.F4]0] & 457}k
HFolstdh A2 22 7 (Ca free group), AH R F
T(Z51.2% BEF7 total Ca 045 6), A3 CPP1% B3
T(ZE12%+CPP1% 23T, A5 PGA1% BET(F
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HEF(AF1.2%+ ¥ -PGA3% HET-) 0 E FH3L¢it). of
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