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ABSTRACT 

OBJECTIVE: Total gastrectomy produces iron malabsorption and anemia, and several 

nondigestible carbohydrates promote mineral absorption. In this study, we examined the 

effects of feeding difructose anhydride III (DFAIII), a nondigestible disaccharide, on 

gastrectomy-induced iron malabsorption and anemia in rats in comparison with those of 

feeding fructooligosaccharides (FOS). 

METHODS: Sham-operated and totally gastrectomized male Sprague-Dawley rats were fed 

the control, DFAIII (30 g/kg), or FOS (30 g/kg) diet for 4 wk. Feces and tail blood were 

collected at 2 and 4 wk to evaluate body iron status and iron absorption. 

RESULTS: Gastrectomy severely reduced net iron absorption, hemoglobin concentration, 

and hematocrit in the control dietary group. The reduced absorption in gastrectomized rats 

was restored to the sham control level by feeding the DFAIII or FOS diets. Iron absorption in 

sham rats was higher in the FOS and DFAIII groups than in the control group. Hemoglobin 

concentration and hematocrit in gastrectomized rats fed the DFAIII diet, but not the FOS diet, 

returned to levels comparable to those in the sham rats fed the control diet. Feeding DFAIII 

increased short-chain fatty acids pools and decreased the pH in cecal contents. These 

parameters for cecal fermentation correlated with iron absorption. 

CONCLUSIONS: DFAIII feeding restores gastrectomy-induced iron malabsorption, 

resulting in the complete prevention of iron-deficient anemia in rats. Cecal fermentation of 

DFAIII may contribute to the improvement in these gastrectomy-induced defects. Feeding 

with low level of FOS did not fully improve postgastrectomy anemia. 

 

KEY WORDS:  difructose anhydride III, gastrectomy, iron absorption, anemia  
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INTRODUCTION 

Anemia is a common complication in patients after gastric resection.1, 2 It has been reported 

that iron3 and/or vitamin B-124 deficiencies after gastrectomy contribute to this anemia in 

humans. In the early stages after gastrectomy, iron-deficient anemia occurs2 because gastric 

acid plays an important role in the small intestinal iron absorption through solubilization of 

dietary insoluble iron salts.5 Recently, total gastrectomy has been shown to induce iron 

malabsorption and anemia also in rats,6, 7 indicating that iron deficiency is a leading factor in 

gastrectomy-induced anemia. 

   Nondigestible carbohydrates such as dietary fibers, oligosaccharides and resistant starch 

have various physiologic functions,8, 9 and the promotive effects of several nondigestible 

carbohydrates on mineral absorption have been well examined.10-14 We previously reported 

that difructose anhydride III (DFAIII), a nondigestible disaccharide, enhances intestinal 

calcium absorption in both in vivo15-18 and in vitro19-21 studies. The mechanisms for the 

promotion of calcium absorption are 1) enhancement of paracellular calcium transport 

stimulated by intact DFAIII and 2) promotion of calcium absorption in the large intestine 

through the increase in fermentation of DFAIII by intestinal bacteria; DFAIII is a unique 

disaccharide that promotes calcium absorption through two mechanisms both in the small and 

large intestines. In in vivo balance studies, the promotive effect of DFAIII on calcium 

absorption was higher than that of other saccharides such as fructooligosaccharides (FOS) and 

raffinose.15 In contrast with calcium absorption, there has been only a single report showing 

the effect of DFAIII on iron absorption and that report also showed that the promotive effect 

of DFAIII is greater than that of FOS.22 The mechanisms for the promotion of iron absorption 

by DFAIII have not yet been clarified. Sakai et al.23 have reported that FOS improves 

gastrectomy-induced anemia, and suggested involvement in the intestinal fermentation of 

FOS. 
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   The aim of this study was to examine the effects of feeding DFAIII on 

gastrectomy-induced iron malabsorption and anemia in rats in comparison with those of 

feeding FOS. We also evaluated the role of intestinal fermentation in the DFAIII-mediated 

effects by measuring cecal organic acids pools and pH because the cecum substantially 

contributes to large intestinal fermentation in rats.13

MATERIALS AND METHODS 

Test material 

Difructose anhydride III (DFAIII; Nippon Beet Sugar Manufacturing, Tokyo, Japan) is a 

nondigestible disaccharide consisting of two fructose residues with two glycoside bonds 

(Figure 1), and is prepared from inulin with Arthrobacter sp. H65-7 inulin fructotransferase 

(Inulinase II; EC 2.4.1.93).24 Recently, a procedure was established for the mass production 

of DFAIII.25 Fructooligosaccharides (FOS) is a mixture of 42% 1-kestose, 46% nystose and 

9% 1F--fructofuranosylnystose (Meioligo-P®, Meiji Seika Kaisha, Tokyo, Japan).26

Animals and diets 

Male Sprague-Dawley rats (4 wk old; Clea Japan, Tokyo, Japan) were housed in individual 

stainless steel cages (17.5 cm × 25 cm × 17 cm) in a room with controlled temperature 

(22 ± 2°C), relative humidity (40-60%) and a 12-h light-and-dark cycle (light 0800-2000 h). 

Rats were fed the stock diet27 shown in TABLE I for an acclimation period of 4-5 d, and were 

then divided into two groups using a randomized block design based on body weight. After 

food deprivation for 24 h, the rats in one group were subjected to total gastrectomy;28, 29 the 

stomach was removed after ligation of several vessels that supplied blood to the stomach, and 

an end-to-side anastomosis was carried out between the cut edge of the esophagus and the 

upper jejunum 8 cm distal from the ligament of Treitz (Gastrectomized group). The rats in the 

other group were subjected to laparotomy (Sham-operated group). Both operations were 

performed under the same anesthetic procedure (Nembutal: sodium pentobarbital, 40 mg/kg 
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body weight, Abbott Laboratories, North Chicago, IL). All rats were deprived of food and 

water for 24 h after the operations, and were then fed cow’s milk for 2-3 d. 

   The rats in each operation group (Sham-operated group, n = 18; Gastrectomized group, n 

= 32) were divided into three subgroups on the basis of body weight, hemoglobin 

concentration and hematocrit after the postoperative recovery period. The rats in the first 

(Sham-operated group, n = 6; Gastrectomized group, n = 11) and second (Sham-operated 

group, n = 6; Gastrectomized group, n = 11) subgroups were fed the test diet containing 

fructooligosaccharides (FOS diet, 30 g FOS/kg diet) and difructose anhydride III (DFAIII diet, 

30 g DFAIII/kg diet), respectively (TABLE I). The rats in the last subgroup (Sham-operated 

group, n = 6; Gastrectomized group, n = 10) were fed the test diet without FOS or DFAIII 

(Control diet). The three test diets were prepared according to the AIN-93G formulation.27 All 

rats were fed the assigned test diets for 28 d starting immediately after the recovery period. 

On d 1 and 2 of the test feeding period, the rats were given 5 and 10 g of diet/d, respectively; 

thereafter, they were given 15 g of diet/d for the remaining 26 d. We observed previously that 

totally gastrectomized rats could not consume > 15 g of diet/d (unpublished data). Therefore, 

all rats including sham rats in this study were given 15 g of diet/d to adjust iron intake among 

all groups. Rats were allowed free access to deionized water throughout the test period. 

Vitamin B-12 (0.5 mg/kg body weight, Wako Pure Chemical Industries, Tokyo, Japan) was 

supplied subcutaneously every 2 wk to prevent pernicious anemia. Body weight and food 

intake were measured every day. Food intake was corrected with spilled portions of diet 

carefully collected and weighed. Tail blood was collected before and 14 and 28 d after 

consumption of test diets to measure the hemoglobin concentration and hematocrit. Feces 

were collected for 5 consecutive days from d 9 (1st period) and from d 23 (2nd period) of the 

feeding period and were freeze-dried to evaluate net absorption of iron. It has been reported 

that coprophagy does not affect iron absorption from a ferric compound in rats.30 We also 

 



 6

sampled the feces via a stainless wire mesh set under the cages to minimize coprophagy. On 

the last day of the experiment, all rats were killed under pentobarbital anesthesia (Nembutal: 

sodium pentobarbital, 50 mg/kg body weight, Abbott Laboratories). The cecum was removed 

together with its contents, and the contents were collected, weighed, frozen immediately with 

liquid nitrogen and stored at -40˚C until subsequent analyses. The cecal wall was washed with 

saline, and weighed. The weight of the cecal contents was evaluated as the difference in 

weight between the cecum with and without contents. 

This study was approved by the Hokkaido University Animal Committee, and animals 

were maintained in accordance with the guidelines for the care and use of laboratory animals 

of Hokkaido University. 

Analytical methods  

Freeze-dried feces were ground to a fine powder, and the powdered feces (~1.5 g) were ashed 

at temperatures elevated linearly to 550°C for 6 h, and then at 550°C for 18 h with an electric 

furnace (EYELA TMF-3200, Tokyo Rikakikai, Tokyo, Japan). The ashed samples were 

treated with 5.49 mol/L HCl at 200°C for 30 min and dissolved in 0.82 mol/L HCl. Iron 

concentrations in the ashed solutions were measured by atomic absorption spectrometry 

(Shimadzu AA-6400F, Shimadzu Seisakusyo, Kyoto, Japan) after suitable dilution. The 

amount of iron in the test diets was determined in the same manner. We performed recovery 

tests to confirm the accuracy of the above-mentioned method, and the recovery of iron was 

105 ± 5.1% (n = 5, CV = 5.7%). 

   Hemoglobin concentration was evaluated using a commercial assay kit (Hemoglobin 

B-test, Wako Pure Chemical Industries, Osaka, Japan). Hematocrits were determined after 

centrifugation (15,000 × g) of blood (Centrifuge Hematocrit MC-201, Hitachi, Tokyo, 

Japan). Serum iron concentrations and unsaturated iron binding capacities (UIBC) were 

determined by assay kits (Fe C-test and UIBC-test, Wako Pure Chemical Industries). The 
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total iron-binding capacities (TIBC) and transferrin saturations (Tf) were calculated from the 

values of serum iron and UIBC. 

The cecal contents were diluted with 4 volumes of deionized water and homogenized by a 

Teflon homogenizer. The pH of these homogenates was measured with a semiconducting 

electrode (ISFET pH sensor 0010-15C, HORIBA, Kyoto, Japan) as the pH of cecal contents. 

The amount of total iron in the homogenates was determined by the above-mentioned atomic 

absorption spectrometry after dry-ashing with an electric furnace. Soluble iron in the 

supernatant obtained upon centrifugation (30,000 × g for 20 min at 4˚C) of the homogenate 

was determined by atomic absorption spectrometry after deproteinizing with 0.5 mol/L 

perchloric acid. Concentrations of organic acids (acetic, propionic, butyric, succinic and lactic 

acids) in the homogenate of cecal contents were measured after sample preparation by the 

procedure described previously14, 31 using a HPLC (LC-10ADvp, Shimadzu Seisakusyo, 

Kyoto, Japan) equipped with two Shim-pack SCR-102H columns (8 mm i.d. × 30 cm long, 

Shimadzu Seisakusyo) and an electroconductibility detector (CDD-6A, Shimadzu 

Seisakusyo). 

Calculations and statistical analyses 

Net absorption of iron was calculated by the following formula: Net Fe absorption (%) = 100

×(total Fe intake−fecal Fe excretion) / Fe intake. 

Data were analyzed by two- or three-way ANOVA for the two or three factors (operation, 

diet and time) and their interactions. Duncan’s multiple range test32 was used to determine 

whether mean values were significantly different between groups (P < 0.05). Correlation 

coefficients for the relationships between net iron absorption and several cecal parameters 

were calculated by the least squares method.33 These statistical analyses were done using the 

General Linear Models procedure of SAS (SAS Version 6.07, SAS Institute Inc., Cary, NC). 
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RESULTS 

   Initial body weight and body weight gain were lower in gastrectomized rats than in sham 

rats (TABLE II). Sham rats completely consumed each given diet (15 g/d); however, 

gastrectomized rats did not. Food intake in the control and FOS groups was slightly but 

significantly lower in gastrectomized rats than in sham rats, but not in the DFAIII group. 

   Net iron absorption was much lower in the control group of gastrectomized rats than in 

the same dietary group of sham rats in the 1st (Figure 2A) and 2nd (Figure 2B) periods. In 

gastrectomized rats, the iron absorption was higher in the FOS and DFAIII groups than in the 

control group, and the iron absorption in the FOS and DFAIII groups was similar to that in 

the control group of sham rats both in the 1st and 2nd periods. In sham rats, the absorption in 

the DFAIII group in the 1st period and in the FOS and DFAIII groups in the 2nd period was 

higher than that in the control group, respectively. 

   Hemoglobin concentrations and hematocrits at 2 and 4 wk after the start of the feeding 

period were lower in the control group of gastrectomized rats than in the other five groups 

(Figure 3A, 3B). Hemoglobin concentrations of gastrectomized rats at 2 wk in the FOS and 

DFAIII groups were similarly higher than those in the control group, but lower than those in 

the three sham groups. At 4 wk, the concentration of the DFAIII group, but not of the FOS 

group, tended to be increased and comparable to the values of the three sham groups. The 

hematocrit value at 4 wk in the DFAIII group of gastrectomized rats was very similar to that 

in the control group of sham rats. Hematocrit of the FOS group was still lower than the values 

for the sham rats and also the value for the DFAIII group of gastrectomized rats. Serum iron 

concentrations in the control diet groups were much lower in gastrectomized rats than in sham 

rats (TABLE III). In gastrectomized rats, the serum iron concentrations were higher in the 

FOS and DFAIII groups than in the control group; however, there were no differences among 

the two oligosaccharide groups. Tf was lower and UIBC was higher in gastrectomized rats 
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than in sham rats (data not shown). In gastrectomized rats, the Tf was higher and UIBC was 

lower in the FOS and DFAIII groups than in the control group. 

   Relative weights (g/100 g body wt) of cecal contents and cecal wall of sham rats were 

similarly higher in the FOS and DFAIII groups than in the control group (TABLE IV); 

however, the contents weight in gastrectomized rats was higher in the DFAIII group than in 

the FOS group. The pH of cecal contents in the FOS and DFAIII groups was lower than that 

in the control group both in sham and gastrectomized rats. Total and soluble iron pools in the 

cecal contents were similarly higher in the FOS and DFAIII groups than in the control group 

both in sham and gastrectomized rats (data not shown). Pools of acetic, propionic, butyric, 

and total short-chain fatty acids (SCFA) (the sum of acetic, propionic, and butyric acids) in 

cecal contents were higher in the DFAIII group than in the control group both in sham and 

gastrectomized rats except for butyric acid in sham rats (Figure 4). The propionic acid pool in 

sham rats and the butyric and total SCFA pools in gastrectomized rats were higher in the FOS 

group than in the control group. 

DISCUSSION 

We found that total gastrectomy induces iron malabsorption (Figure 2) and anemia (Figure 3), 

and that the feeding of DFAIII, a nondigestible disaccharide, prevents these 

gastrectomy-induced defects in rats. We previously showed that ingestion of DFAIII 

ameliorates tannic acid-induced iron malabsorption, resulting in an improvement in 

iron-deficient anemia.22 Feeding of DFAIII largely increased iron absorption also in sham rats 

(Figure 2), which agrees with the results of a previous study.22 These findings indicate that 

DFAIII stimulates not only calcium absorption15-18 but also iron absorption in rats. 

   Iron absorption was severely reduced by total gastrectomy (Figure 2), which agrees with 

our previous studies.34 However, the etiology of iron malabsorption following gastrectomy 

has not been fully clarified. It has been reported that gastric mucin is involved in the 
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integrin-mobilferrin pathway, which is one of the proposed iron transport pathways in the 

small intestine,35 suggesting that the lack of the gastric mucin is responsible for the 

gastrectomy-induced iron malabsorption. In contrast, many researchers have shown that 

solubilization of dietary iron salts by gastric acid is an important step in intestinal iron 

absorption.5, 36 In this study, the iron source in the test diets was ferric citrate, an iron salt that 

dissolves very slowly in water.37 We propose another possible mechanism that ingested ferric 

citrates might flow into the small intestine without sufficient solubilization in gastrectomized 

rats, and thus iron absorption is reduced in the small intestine. 

   DFAIII or FOS feeding perfectly prevented iron malabsorption induced by total 

gastrectomy (Figure 2). We have already suggested that cecal fermentation of FOS is 

involved in the amelioration of iron malabsorption after gastrectomy.23 However, the 

mechanism for enhancement of iron absorption by DFAII and the part of the intestine is 

involved in the DFA III effects remain unclear. In the present study, feeding DFAIII 

increased the weights of the cecal contents and cecal wall, pools of organic acids and soluble 

iron in cecal contents with decreasing the pH of cecal contents (TABLE IV, Figure 4). In 

gastrectomized rats fed the control or DFAIII diet, the iron absorption in the 2nd period was 

correlated with many cecal fermentation variables such as soluble iron pool, propionic acid 

pool and cecal wall weight (TABLE V). These results suggest that the preventive effect of 

DFAIII on gastrectomy-induced iron malabsorption occurs in the large intestine. Possibly, the 

solubilization of iron salts and the enlargement of the area for iron absorption induced by 

cecal fermentation of DFAIII contribute to the effect. 

   In the present study, total gastrectomy caused anemia, and this was completely prevented 

by the improvement in gastrectomy-induced iron malabsorption as a result of DFAIII feeding 

(Figure 2, 3). Gastrectomized rats received vitamin B-12 subcutaneously to prevent 

pernicious anemia.38 These results indicate that the postgastrectomy anemia observed in this 
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study was iron-deficient anemia. In gastrectomized rats fed the control or DFAIII diet, the 

hematocrit at 4 wk was positively correlated with net iron absorption and cecal variables [n = 

21, r = 0.594, P < 0.01 (Fe absorption), r = 0.600, P < 0.01 (Soluble Fe pool), r = 0.469, P < 

0.05 (Total SCFA pool) and r = 0.569, P < 0.01 (Cecal wall weight)], suggesting that the 

preventive effect of feeding DFAIII on postgastrectomy anemia depends on the increase in 

iron absorption resulting from cecal fermentation of DFAIII. In contrast, FOS feeding did not 

perfectly prevent postgastrectomy anemia; the hematocrit in gastrectomized rats fed the FOS 

diet did not recover to levels equivalent to those in sham rats fed the control diet (Figure 3). 

As described above, ingestion of FOS completely improved gastrectomy-induced iron 

malabsorption (Figure 2), and previous results showed that FOS feeding completely prevents 

anemia in totally gastrectomized rats.6 This may be due to differences in the dose of FOS, i.e., 

a 75 g of FOS/kg diet used in the previous work, but only a 30 g of FOS/kg diet in the present 

study. The present results on the comparison of DFAIII with FOS suggest that DFAIII might 

prevent gastrectomy-induced anemia through improvement in not only intestinal iron 

absorption but also other iron-related metabolism. 

   Our findings may beneficial for patients with postgastrectomy anemia. We have already 

confirmed that repeated ingestion of DFAIII (5 g/d) for 12 d induces no serious adverse 

events in healthy humans.39 However, further evidence is necessary to adapt to the clinical 

treatment of human. In the next development of the study, we are planning to examine the 

effects of feeding DFAIII on intestinal iron absorption in healthy humans prior to the 

adaptation for patients with postgastrectomy anemia. Additionally, in this study, 

fermentability of DFAIII was estimated by measuring organic acids pools and pH in the 

cecum because large intestinal fermentation in rats mainly occurs in the cecum.13 In contrast, 

the fermentation in humans occurs in the colon. In further studies, fermentability of DFAIII 

must be evaluated also in humans.  
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   In conclusion, ingestion of DFAIII completely prevents postgastrectomy iron 

malabsorption and anemia in rats, and cecal fermentation of DFAIII may be involved in 

improving these gastrectomy-induced complications. 
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Figure legends 

FIG. 1. Structural formula of difructose anhydride III (DFAIII) produced from inulin with 

Arthrobacter sp. H65-7 inulaseII (EC 2.4.1.93.). 

 

FIG. 2. Net iron absorption in sham-operated and gastrectomized rats fed the control, 

fructooligosaccharides (FOS) or difructose anhydride III (DFAIII) diets in the 1st period (d 

9-13 of the feeding period, A) and 2nd period (d 23-27 of the feeding period, B).  Net iron 

absorption was much lower in the control group of gastrectomized rats than in the same 

dietary group of sham rats. However, the iron absorption in the FOS and DFAIII groups of 

the gastrectomized rats was comparable to that in the control group of sham rats. Each value 

represents a mean ± SEM, n = 6-11. Means in a panel without a common letter differ, P < 

0.05. P-values estimated by two-way ANOVA were: <0.001 for operation, <0.001 for diet 

and 0.395 for operation X diet (A), and <0.001 for operation, <0.001 for diet and 0.907 for 

operation X diet (B). 

 

FIG. 3. Hemoglobin concentrations (A) and hematocrit (B) in sham-operated and 

gastrectomized rats fed the control, fructooligosaccharides (FOS) or difructose anhydride III 

(DFAIII) diets at 0, 2 and 4 wk after the start of the feeding period. Hemoglobin 

concentration and hematocrit at 2 wk were lower in gastrectomized rats than in sham rats. 

However, these hematological variables at 4 wk in the DFAIII group of the gastrectomized 

rats were comparable to the values of the three sham groups. Each value represents a mean ± 

SEM, n = 6-11. Means in a period without a common letter differ, P < 0.05. #Significantly 

different from the value at wk 0 in each group, P < 0.05. P-values estimated by three-way 

ANOVA were: <0.001 for operation, 0.001 for diet, <0.001 for time, 0.071 for operation X 

diet, 0.003 for diet X time, <0.001 for operation X time and 0.317 for operation X diet X time 
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(A), and <0.001 for operation, 0.001 for diet, <0.001 for time, 0.191 for operation X diet, 

0.017 for diet X time, <0.001 for operation X time and 0.109 for operation X diet X time (B). 

 

FIG. 4. Pools of short-chain fatty acids (SCFA) and other organic acids in the cecal contents 

of sham-operated and gastrectomized rats fed the control, fructooligosaccharides (FOS) or 

difructose anhydride III (DFAIII) diets for 28 d. Total SCFA (the sum of acetic, propionic, and 

butyric acids) was higher in the FOS and DFAIII groups than in the control group. Each value 

represents a mean ± SEM, n = 6-11. Means in a acid without a common letter differ, P < 0.05. 

P-values estimated by two-way ANOVA were: 0.428 for operation, <0.001 for diet and 0.895 

for operation X diet (Acetic acid), and 0.928 for operation, <0.001 for diet and 0.411 for 

operation X diet (Propionic acid), and 0.036 for operation, <0.001 for diet and 0.208 for 

operation X diet (Butyric acid) , and 0.227 for operation, <0.001 for diet and 0.867 for 

operation X diet (Total SCFA) , and 0.350 for operation, 0.113 for diet and 0.528 for 

operation X diet (Succinic acid) , and 0.533 for operation, 0.918 for diet and 0.571 for 

operation X diet (Lactic acid). 

 



TABLE I. 

COMPOSITION OF STOCK AND TEST DIETS 

 Stock diet Test diets 

 Control FOS or DFAIII 

 g/kg diet 

Casein* 200 200 200 

Dextrin† 400 400 400 

Sucrose 200 200 200 

Soybean oil 70 70 70 

Mineral mixture‡ 35 35 35 

Vitamin mixture‡ 10 10 10 

Choline bitartrate 2.5 2.5 2.5 

L-Cystine 3.0 3.0 3.0 

Tert-butylhydroquinone 0.014 0.014 0.014 

Crystallized cellulose§ 80 80 50 

FOS|| or DFAIII¶ 0 0 30 

* ALACID (New Zealand Dairy Board, Wellington, New Zealand). 

† TK-16 (Matsutani Chemical Industry, Hyogo, Japan). 

‡ AIN-93G formulation. 

§ Avicel PH102 (Asahi Chemical Industry, Tokyo, Japan). 

|| Fructooligosaccharides (Meioligo-P®, Meiji Seika Kaisha, Tokyo, Japan). 

¶ Difructose Anhydride III (Nippon Beet Sugar Manufacturing, Tokyo, Japan). 



TABLE II. 

INITIAL BODY WEIGHT, BODY WEIGHT GAIN AND FOOD INTAKE OF SHAM-OPERATED 

AND GASTRECTOMIZED RATS FED THE CONTROL, FRUCTOOLIGOSACCHARIDES  

(FOS) OR DIFRUCTOSE ANHYDRIDE III (DFAIII) DIETS FOR 28 D* 

 n Initial body weight (g) Body weight gain (g/d) Food intake (g/d)† 

Sham 

 Control 6 131 ± 3.8a 4.25 ± 0.160a 15.0 ± 0.001a 

 FOS 6 132 ± 3.2a 4.48 ± 0.101a 15.0 ± 0.001a 

 DFAIII 6 132 ± 2.9a 4.31 ± 0.151a 15.0 ± 0.001a

Gastrectomy 

 Control 10 123 ± 1.8b 3.42 ± 0.155b 14.1 ± 0.330b 

 FOS 11 121 ± 2.6b 3.50 ± 0.139b 14.0 ± 0.229b 

 DFAIII 11 122 ± 1.8b 3.57 ± 0.106b 14.5 ± 0.159ab

ANOVA P values 

 Operation <0.001 <0.001 <0.001 

 Diet 0.969 0.518 0.532  

 Operation X Diet 0.810 0.700 0.532 

* Each value represents a mean ± SEM. Values in a column not sharing a superscript letter differ, P < 

0.05.  

† Means after consumption of 15 g of diet per day. 



TABLE III. 

SERUM IRON CONCENTRATION OF SHAM-OPERATED AND GASTRECTOMIZED RATS 

FED THE CONTROL, FRUCTOOLIGOSACCHARIDES (FOS) OR DIFRUCTOSE  

ANHYDRIDE III (DFAIII) DIETS FOR 28 D* 

 n Serum Fe (µmol/L)

Sham 

 Control 6 36.4 ± 7.44a

 FOS 6 29.7 ± 3.29a

 DFAIII 6 36.6 ± 2.23a

Gastrectomy 

 Control 10 8.55 ± 0.541c

 FOS 11 21.1 ± 3.35b

 DFAIII 11 18.1 ± 1.80b

ANOVA P values 

 Operation <0.001

 Diet 0.346

 Operation X Diet 0.023

* Each value represents a mean ± SEM. Values not sharing a superscript letter differ, P < 0.05.  



TABLE IV. 

WEIGHT OF THE CECAL CONTENTS AND CECAL WALL AND THE pH OF CECAL 

CONTENTS OF SHAM-OPERATED AND GASTRECTOMIZED RATS FED THE 

CONTROL, FRUCTOOLIGOSACCHARIDES (FOS) OR DIFRUCTOSE 

ANHYDRIDE III (DFAIII) DIETS FOR 28 D* 

 n Cecal contents Cecal wall pH   

 (wet g/100 g (wet g/100 g 

 body weight) body weight)   

Sham 

 Control 6 0.673 ± 0.123c 0.304 ± 0.023b 7.54 ± 0.133a  

 FOS 6 1.28 ± 0.141b 0.490 ± 0.063a 7.01 ± 0.149bc  

 DFAIII 6 1.42 ± 0.088b 0.504 ± 0.025a 6.75 ± 0.165c 

Gastrectomy 

 Control 10 0.746 ± 0.071c 0.331 ± 0.014b 7.25 ± 0.062ab  

 FOS 11 1.46 ± 0.087b 0.485 ± 0.025a 6.79 ± 0.093c  

 DFAIII 11 1.89 ± 0.092a 0.510 ± 0.026a 6.93 ± 0.091c 

ANOVA P values 

 Operation 0.006 0.698 0.243  

 Diet <0.001 <0.001 <0.001  

 Operation X Diet 0.131 0.861 0.077  

* Each value represents a mean ± SEM. Values in a column not sharing a superscript letter differ, P 

< 0.05.  



TABLE V. 

CORRELATIONS BETWEEN NET IRON ABSORPTION, POOLS OF SOLUBLE IRON 

AND VARIOUS ORGANIC ACIDS, THE pH OF THE CECAL CONTENTS, AND 

CECAL WALL WEIGHT IN GASTRECTOMIZED RATS FED THE CONTROL 

OR DIFRUCTOSE ANHYDRIDE III (DFAIII) DIETS FOR 28 D* 

 Fe absorption    

Soluble iron pool 0.694***  

Total SCFA† pool 0.641**  

Acetic acid pool 0.595**  

Propionic acid pool 0.679***  

Butyric acid pool 0.632**  

Succinic acid pool 0.108  

Lactic acid pool 0.327  

Cecal pH -0.507*  

Cecal wall weight 0.670***  

* Significant correlation (n = 21, *P < 0.05, **P < 0.01, ***P < 0.001) 

† Total SCFA: sum of acetic, propionic and butyric acids.  
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