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Enhanced Effect of Gluten Hydrolysate on Solubility and Bioavailability
of Calcium in Rats
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ABSTRACT

Dietary peptides have recently received attention regarding their beneficial effects on nutrient
metabolism since the caseinphosphopeptides obtained from casein hydrolysate are generally
believed to enhance the intestinal absorption of Ca. The two experiments were conducted to
investigate the effects of various hydrolyzed fractions of gluten on Ca bioavailability. The
gluten hydrolysate of dietary components was produced by enzymatic hydrolysis of gluten
whereas gluten hydrolysate supernatant and its precipitate resulted from centrifugation. In
experiment |, the rats were for 4 weeks fed the 4 kinds of diets containing same amount of
nitrogen and calories and differing only in the forms of nitrogen sources. The diets were gluten
(G), gluten hydrolysate(GH), gluten hydrolysate supernatant(GHS) and gluten hydrolysate
precipitate(GHP). Determination was made for the body weight gain, serum Ca concentration,
Ca solubility in small intestinal contents, bone weight, length and strength, bone ash and Ca
content, and Ca balance, respectively. No significant difference was noticed as regards growth,
serum Ca, and bone dimension and Ca content among rat groups. More significant increase
was obscrved with regard to Ca absorption and intestinal solubility in the rats receiving the GH
or GHS diet which contained crude gluten peptides, than in those subjected to G or GHP diet.
In experiment 11, in vitro determination for Ca solubility was made to ascertain the mechanism
responsible for the effects of gluten peptides on Ca absorption. The 10mM Ca in potassium
phosphate buffer solution(pH7.0) incubated for 3 hours at 37°C by the GHS fraction, was
observed to be capable of increasing the Ca solubility at 5 —25mg,/ml concentration of gluten
peptides. These observations suggest that the gluten peptides produced from gluten hydrolysate
may enhance the Ca absorption efficiency by increasing the solubility of Ca in small intestine.
(Korean J Nutrition 30(1) : 40~47, 1997)
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Table 1. Composition of diets in experiment I (g/kg)

.
A

Ingredients Gluten GH GHS  GHP
Gluten 100 - - -
GH? - 100 - -
GHS? - - 100 -
GHP? - - - 100
1sp¥ 100 100 100 100
Starch 643 643 643 643
Corm oil 50 50 50 50
Cellulose 50 50 50 50
Min. Mix.” 35 35 35 35
Vit. Mix.” 10 10 10 10
Choline chloride 2 2 2 2
PEG #4000” 10 10 10 10

1) Gluten hydrolysate

2) Gluten hydrolysate supernatant
3) Gluten hydrolysate precipitate
4) Isolated Soy Protein

5) Mineral mixture(AIN - 76)

6) Vitamin mixture(AIN — 76)

7) Polyethylene glycol #4000

278 7l s 8o FHE(gluten hydrolysate pre-
cipitate ; GHP)A# T o2 Y+t
A8 EEE2 Shoebox cagedlld E&l ARSI
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Table 2. Daily food intake, weight gain and food efficiency ratio

Final body weight(g) Food intake(g/d) Weight gain(g/d) FERP(WY/FI)
G 2748 + 4.8" 18.7 £ 0.5° 6.6 + 0.3° 0.36 + 0.02°
GH 2572 + 8.0° 17.7 £ 0.8° 6.0 + 0.4 0.34 + 0.01°
GHS 2744 + 8.2° 19.0 +£ 0.5* 6.6 + 0.3° 0.35 £ 0.01°
GHP 2201 + 7.2 15.1 + 0.8° 4.3 +0.2° 0.28 + 0.01°
1) Mean + SE of 8 rats per group
2) Food efficiency ratio(FER) : weight gain(g) / food intake(g)
a, b, Values with different superscipt within column are significantly different(p <0.05)
Table 3. Serum Ca concentration and soluble Ca in small intestinal contents
Small intestinal content
Serum Ca(mg/100mi) Soluble Ca(mg) Soluble Ca(%)? PEG (mg)
G 11.12 + 0.40™ 1.10 £ 0.12° 27.34 + 3.00° 6.77 + 1.27°
GH 1012 + 0.46" 2.37 £ 0.26° 40.75 + 5.41° 10.94 + 0.96°
GHS 11.22 + 0.57 1.89 + 0.18" 30.15 + 2.41° 12.08 + 0.64°
GHP 10.51 + 0.44 1.65 + 0.31% 2157 + 1.18° 11.94 £+ 0.81°

1) Mean £ SE of 8 rats per group

2) [(Soluble Ca/PEG in the small intestinal content) / (Ca/PEG in diet)] X 100
a,b, Values with different superscripts in column are significantly different(p <0.05)

NS : Not significant

Table 4. Wet weight, length, and breaking force of femur

P
Total @ Wet weight @/100g BW) Length” (cm) Breaking force(kg/g)
G 1.39 + 0.02" 0.51 + 0.01™ 3.26 + 0.02° 6.63 + 0.36"
GH 1.29 £ 0.01° 0.51 + 0.02 3.24 + 0.02° 7.58 + 036
GHS 1.34 + 0.04° 0.49 + 0.02 3.24 + 0.02° 6.98 + 0.38
GHP 1.13 + 0.05 0.52 + 0.02 3.08 + 0.05° 711 + 0.57

1) Mean + SE of 8 rats per group
2) Total weight of left and right femur
3) Mean length of left and right femur

a, b, Values with different superscripts in column are significantly different(p < 0.05)

NS : Not significant
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Table 5. Ash and Ca contents of femur

Ash (mg/g) Ca (mg/g) Total Ca (mg)
G 324.224+9.48% 102.58+3.82" 141.71+3.90°
GH 327.154+4.76" 108.61+3.71 140.24+4.71°
GHS 326.27+6.98 106.84+2.50 143.44+4.60°
GHP 324.24-+535 114.55+2.80 129.15+3.81°

1) Mean =-SE of 8 rats per group

a, b, Values with different superscripts in column are sig-
nificantly different(p < 0.05)

NS : Not significant
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Fig. 1. In vitro Ca solubility of gluten peptides.

Table 6. Daily Ca intake, fecal and urinary Ca excretion, Ca retention and apparent absorption

Ca Fecal Urinary Ca Ca Apparent Apparent
intake excretion excretion retention?  retention”  absorption®  absorption®
(mg/d) {mg/d) (mg/d) {mg/d) (%) (mg/d) (%)
G 9745237 601+22°  038+003° 369+31° 377426° 372431° 38 +2.6°
GH 91.444.5° 42143.2° 0.491+0.03 48.7+3.3* 533x2.7° 49.2+3.3° 53.9+2.6°
GHS 98.8+2.6 49.8+4.5% 0.52+0.11 48.4+29° 493+3.5° 48.9+29° 49.8+3.5"
GHP 780+42°  435+441° 0344003  34.1+37°  438+4.1%  344337°  442441%

1) Mean +SE of o rats per group

2) Retention(mg/d)=intake(mg/d)-[Fecal excretion(mg/d)+Urinary excretion(mg/d)

3) Retention(%)=[Retention(mg)/Intake(mg)} X 100

4) Apparent absorption(mg/d)=Intake(mg/d)-Fecal excretion(mg/d)
5) Apparent absorption(%)={apparent absorption(mg)/Intake(mg)] X 100
a, b, Values with different superscripts in columns are significantly different(p <0.05)

NS : Not significant
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