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Gas production in humans ingesting a soybean flour derived from
beans naturally low in oligosaccharides!=3

Fabrizis L Suarez, John Springfield, Julie K Furne, Troy T Lohrmann, Phillip S Kerr, and Michael D Levitt

ABSTRACT tion may play a role in the acceptability of soy products as a
Background: Ingestion of soy products may cause excessivanajor food source for humans (1-4) and animals (5).

intestinal gas. This gas results from colonic bacterial fermenta- The final steps in the production of raffinose and stachyose in
tion of the indigestible oligosaccharides raffinose and stachyosspybeans are catalyzed by the enzymes galactinol-sucrose galacto-
which are present in high concentrations in legumes. syltransferase (EC 2.4.1.82, raffinose synthase) and galactinol-raf-
Objective: The objective of the study was to compare gas profinose galactosyltransferase (EC 2.4.1.67, stachyose synthetasg),
duction and gaseous symptoms in healthy volunteers after ingesespectively Eigure 1). Screening of a large number of soy seeds2
tion of 34 and 80 g soy flour made from either conventional soyfor this enzyme activity resulted in the identification of a seed withz
beans or soybeans naturally low in indigestible oligosaccharidesery low activity, and this seed was shown to have a low concen§
Design: In a double-blind, randomized, crossover protocol, tration of raffinose and stachyose. The studies described in thig
breath hydrogen (an indicator of carbohydrate malabsorptionyeport were designed to compare gas production and gaseogs
flatus frequency, and abdominal symptoms were assessed aftgymptoms in healthy human volunteers ingesting concentrates.
subjects ingested the soy products and after 2 control meals (rickerived from conventional and low-oligosaccharide soybeans.
or lactose-hydrolyzed milk).

Results: The sum of breath-hydrogen concentrations for 8 h

was significantly greateiP(< 0.005) after 34 g conventional soy SUBJECTS AND METHODS

(60.4+ 9.4 ppm) than after low-oligosaccharide soy (34.8.1 )

ppm). Greater differences were observed with 80-g doses>ubiects

157.9+ 19.4 ppm after conventional soy and 58.8.8 ppm after The soy products were evaluated in 2 double-blind, random<
low-oligosaccharide soyP(< 0.001). Flatus frequency (7451.9 ized, crossover studies, each involving 20 healthy volunteers. A2
times/12 h) was significantly greatét £ 0.039) after ingestion of total of 28 subjects (11 men and 17 women) aged 29-62 y wer8
80 g conventional soy than after the control, rice meal £328 studied; 12 individuals took part in both studies. Exclusion cri-§
times/12 h), whereas flatus frequency after the low-oligosaccharideria included the existence of intercurrent illness, antibioticr
soy meal (3.% 0.7 times/12 h) was comparable with that after theingestion within the previous 2 mo, and allergy to soy productsﬁ
rice meal. There were no significant differences in the severity ofr aspartame. The studies were approved by the Human SubjecE
other abdominal symptoms. Committee of the Institutional Review Board at the Minneapolis
Conclusion Soy flour derived from low-oligosaccharide soy- Veterans' Affairs Medical Center, and informed consent was
beans resulted in less gas production than that derived from coabtained from all subjects.

ventional soybeans. Am J Clin Nutr1999;69:135-9.
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Protocols

KEY WORDS Soy flour, low-oligosaccharide soybeans, Study 1
breath-hydrogen concentration, gaseous symptoms, humans, raf-In random order, 20 subjects ingested each of 3 test meals sep-
finose, stachyose arated by 1-wk washout periods; 500 mL soymilk made from

INTRODUCTION LFrom the Minneapolis Veterans’ Affairs Medical Center.

Legumes characteristically contain high concentrations of the  *Supported in part by the Department of Veterans’ Affairs; the National
indigestible oligosaccharides raffinosg-p-fructofuranosylo- Inst!tute of Dla'betes .and Dlgestlye and f(ldney Diseases (ROl-DK-13093);
a-D-galactopyranosyl-(2 6)-a-D-glucopyranoside] and stachyose Ic:]'t):rnr?:t?;r%agttygil?;ns’ Des Moines, IA; and DuPont Protein Technologies
[B-D-fructofura}nosylo-a-D-galactopyra_nosyl-(L 6_)'0_"'3' . 3Address ‘reprint requests to MD Levitt, Research Office (151), Minneapolis
galactopyranoside-(1 6)-a-p-glucopyranoside]. The indigesti- \gerans Affairs Medical Center, One Veterans Drive, Minneapolis, MN 55417.
bility of these soluble sugars results in their delivery to theg maj: levitt.michael(st)@minneapolis.va.gov.
colon, where they are rapidly fermented by the colonic flora, Received March 13, 1998.

resulting in the production of copious gas (1). This gas produc Accepted for publication June 4, 1998.
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FIGURE 1. Metabolic pathway for the synthesis of raffinose and stachyose from sucrose in soybeans. Galactinol provides galactoses for the con
version of sucrose to raffinose and of raffinose to stachyose. UDP-Glu, uridine diphosphate glucose; UDP-Gal, uridine diphosphate galactose; Glc6l
glucose-6-phosphate. 5

0]UMO

34 g conventional soy flour in 500 mL wat&),500 mL soymilk  period, subjects were allowed to resume their regular diets. Eno%.
made from 34 g low-oligosaccharide soy (DuPont Agriculturalalveolar breath samples for measurements of hydrogen ang
Products, Wilmington, DE) in 500 mL water, aBHi500 mL lac- methane concentrations were collected before ingestion of thg
tose-hydrolyzed, 1%-fat cow milk as a negative control. The comtest meals and hourly for the next 8 h. The severity of eachy
position of the conventional and low-oligosaccharide soy flourssbdominal symptom (fullness, nausea, bloating, abdominal pain$
are shown irfable 1 Lactose was hydrolyzed by the addition of and subjective impression of rectal gas) was rated by the subjeﬁt
1.07 g of a lactase preparation made fri§hayveromyces lactis on a linear 6-cm scale (0 cm = none, >0-1.5 cm = trivial, 1.5-32:
(Lactaid Inc, Pleasantville, NJ) to 1 L milk, which was then incu-cm = mild, 3—4.5 cm = moderate, and 4.5-6 cm = severe) (6),3
bated for 48 h at € (6). An assay using an enzymatic method Symptom severity was recorded over 2 time periods: from thes
(Lactosep-galactose test kit; Boehringer Mannheim Biochemicaltime of test meal ingestion until 1200 and from 1200 until dinner&
Inc, Indianapolis) showed negligible lactose at the end of the incusach flatus passage from the time of test meal ingestion unt%
bation period. Aspartame (820 mg Equal/L; NutraSweet Co, Deert800 was recorded and arbitrarily rated as “small” or “large.”
field, IL) was added to the 2 soy products to yield a sweetness .
roughly equivalent to that of the lactose-hydrolyzed milk. All Analysis of breath gases
products were ingested with a straw from sealed cardboard con- Hydrogen and methane were quantified by gas chromatogrr:v,‘i1
tainers (Trio Supplies, Minneapolis) to obscure differences in theghy and carbon dioxide was quantified by infrared spectroscopﬁ
color of the drinks (6). The taste of the 2 soy products was indisas described previously (8). In rare cases, samples had a carbgn
tinguishable; however, the lactose-hydrolyzed milk differed indioxide concentration <3.75% and were thus considered to hav®
taste from that of the soy products. excessive atmospheric contamination; such a value was assumed
to be the mean of the concentration obtained 1 h before and 1 h
Study 2 after the contaminated sample.
Twenty subjects were randomly assigned to receive each of 3 te -
meals over a 3-wk period with a 1-wk washout period between test TABLE 1
1) pudding containing 80 g conventional soy fl@rpudding con- Composition of the conventional and low-oligosaccharide soy flours

BI\ UO 1S

taining 80 g low-oligosaccharide flour, aBda negative control, 80 Conventional Low-oligosaccharide
g white rice cereal (Kellogg, Battle Creek, MI). (Preliminary stud- Components soy flour soy flour
ies showed that ingestion of the rice pudding resulted in minime %

breath-hydrogen production.) The puddings were produced by mi»

ing the flours with 240 mL water, 50 drops of orange flavoring Fat 19.07 17.07

(McCormick & Co, Inc, Hunt Valley, MD), and 2 g aspartame. Once zrrztde;nﬁber 43?3 4353
again, the soy puddings were indistinguishable in color and tast;qisture 454 4.76
whereas the rice pudding was distinguishable from the soy produciagh 5.27 5.47
To minimize baseline breath-hydrogen excretion on the day CNitrogen-free extract 27.04 24.31
the study, the subjects ingested a rice and hamburger dinner t Total dietary fiber 10.87 10.50
night before the challenge (7) and then fasted until the next morr  Stachyose 3.33 0.46
ing. At =0600, the test meals were ingested as rapidly as poss Raffinose 0.51 0.16
ble (within 30 min). No food was allowed for the next 8 h, but Galactinol 0.0 2.16
Sucrose 6.37 6.52

water and black coffee were allowed ad libitum. After the 8-h tes
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FIGURE 2. Mean & SEM) hourly breath-hydrogen concentrations i
20 subjects after ingestion of 500 mL of the 3 test meals: 34 g com
tional soy concentrate (®34 g low-oligosaccharide soy concentrat
(0), and lactose-hydrolyzed cow milk (contrah). The sum of the
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FIGURE 3. Mean & SEM) hourly breath-hydrogen concentrations in
20 subjects after ingestion of puddings containing 80 g conventional soy
concentrate@®) or 80 g low-oligosaccharide soy concentrate (O) or 80 g
of a white rice cereal (contraf)). The sum of the hourly breath-hydro-

hourly breath-hydrogen concentrations from 0 to 8 h was significantlygen concentrations from 0 to 8 h was significantly gredes 0.001)
greater P = 0.005) after ingestion of conventional soy than after inges- after ingestion of conventional soy than after ingestion of low-oligosac-

tion of low-oligosaccharide soy or lactose-hydrolyzed milk.

Statistical analysis

pared.

RESULTS
Study 1

Breath-hydrogen concentrations resulting from the ingestiofP?ISCUSSION

(7.5% 1.9 times/12 h) that was significantly greatBr=0.039)

Data were analyzed by repeated-measures analysis of variantean that with rice (3.2 0.8), whereas the frequency observed
(ANOVA) (9, 10). The differences between treatments were calafter ingestion of the low-oligosaccharide soy (3.9.8) was
culated by pairedtest, and thd value was adjusted by Bonfer- comparable with that after ricEigure 4). No abdominal symp-
roni correction. A binomial distribution was used to calculate theoms differed significantly with either soy product from those
P value (two-tailed). The sum of breath-hydrogen concentrationsbserved with the rice controTdble 2). The ingestion of the
and mean symptom scores for each treatment period were comeals did not result in a significant alteration in breath-methan
concentrations from the zero time values, which average
18 + 2.5 ppm. The sums of breath-methane concentrations fo
the 8 h after ingestion of the 3 meals were not significantly dif
ferent in either study (data not shown).

charide soy or rice cereal.

nfu-usle woly papeojumoqg
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of 34 g of the 2 soymilks and the lactose-hydrolyzed cow milk The soluble oligosaccharides raffinose and stachyose are pre§=
are shown irFigure 2. The sum of breath-hydrogen concentra- ent in high concentrations in soybeans and other legumes (2, 113,

tions from 1 to 8 h after ingestion of lactose-hydrolyzed milkThese sugars consist of sucrose linkedasigalactoside bonds ¢
to 1 or 2 galactose moieties to form raffinose and stachyoseR
(o]

(39.5+ 9.4 ppm) and low-oligosaccharide soymilk (3438.1

©

ppm) were not significantly different, whereas breath-hydro¢ -~

excretion after ingestion of conventional soymilk (6&48.4
ppm) was significantly greater than that after the other 2 tre
ments (overalP = 0.005;P = 0.006 when compared with low
oligosaccharide soymilk; anB = 0.033 when compared witt
lactose-hydrolyzed milk). Neither the severity of symptoms r
flatus frequency differed significantly with either soy produ
from that observed with the control, lactose-hydrolyzed m
(data not shown).

Study 2

Breath-hydrogen concentrations after ingestion of puddii
containing 80 g of the soy concentrates or rice are showigin
ure 3. Although there appeared to be a trend toward greater |
breath-hydrogen concentrations after the low-oligosaccha
soy (50.8t 6.8 ppm) than after the rice control (2&%5.1 ppm),
this difference was not significant by ANOVAR & 0.325). Total
breath-hydrogen concentrations after conventional
(157.9+ 19.4 ppm) were significantly greate € 0.001) than
concentrations observed after each of the other 2 treatm:
Ingestion of conventional soy resulted in a flatus frequel

107 a

e

[aV)

o)

o

7] ab

% b

&

[

o

Conventional Low- White
soy oligosaccharide rice

soy

FIGURE 4. Mean (+SEM) frequency of flatus passages in 20 healthy
subjects in the 12 h after ingestion of puddings containing 80 g conven-
tional soy concentrate or 80 g low-oligosaccharide soy concentrate or 80
g of a white rice cereal. Different letters indicate significant differences

,between groups? < 0.05.
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TABLE 2 The purpose of the present study was to compare, in healthy
Severity of symptoms over 12 h after ingestion of puddings containing 80 dhuman volunteers, gas production after ingestion of soy flour
of the soy concentrates or rice (control) made from conventional soybeans with that after ingestion of a
Gastrointestinal Low-oligosaccharide Conventional New variety of soybean that is naturally low in raffinose and
symptoms Control soy flour soy flour stachyose. To this end, in double-blind, randomized, crossover
Daily severity studies, breath-.hydrogen excretion and gaseous sy.mptoms were
Excessive gas 040.1 0.1+ 0.1 0.1+ 0.0 assessed after ingestion of the 2 types of soy and rice.
Bloating 0.1+ 0.1 0.3+0.1 0.2+ 0.1 Malabsorbed fermentable material is converted to hydrogen
Abdominal pain 0.%0.1 0.1+ 0.1 0.0+ 0.0 by multiple species of colonic bacteria. This hydrogen can be
Nausea 0.%0.1 0.1+ 0.05 0.1+ 0.1 absorbed and excreted in the breath, passed through the rectum,
Feeling of fullness 0.3 0.1 0.2+0.1 0.2+0.1 or utilized by other bacterial species for the reduction of carbon
Daily frequency dioxide to methane, or of sulfate to sulfide (15). Most of the
Bowel movement 1202 1.2+01 1.3:02 hydrogen released during the slow fermentation of insoluble sub-
Diarrhea 0.0t 0.0 0.0+ 0.0 0.0+ 0.0

strates such as fiber and resistant starch is utilized by other bac-

fg:gg 2‘;32 g'% 82 g'gf 8(25 g';‘: (1)2 teria (16). However, an appreciable fraction of the hydrogen lib-
Total flatus 32+ 0.8 3.9+ 0 7 75410 erated during rapid fermentation of soluble carbohydrates—such

% s : ted " 5 e 0 — as lactose, raffinose, and stachyose—is absorbed and excreted in
X. Symploms Were rated on a continuous 5-cm scale. & cm = NoNGy, o e ath Breath-hydrogen measurements have been shown to

>0-1.5 cm =trivial; >1.5-3 cm = mild, >3-4.5 cm = moderate; and >4.5-6 id . titati t of th titv of solubl
cm = severe. Each flatus passage was recorded as large or small, and boREPVICE a semiquantitative assessment of the quantity or soluble

movements were assessed with regard to frequency, consistency, and stréf@rPohydrate reaching the colon (17). _
ing. Means with different superscript letters are significantly diffefest, Ingestion of conventional soy in quantities of 34 g (Figure 2) g
0.05 (repeated-measures ANOVA). and 80 g (Figure 3) was associated with significantly greate

increases in breath-hydrogen concentrations than those observéd

after ingestion of low-oligosaccharide soy. On the basis of thes§.
respectively. The small intestine of humans (and animals) doesreath-hydrogen concentrations, it can be concluded that low=
not synthesize the-galactosidase required for the hydrolysis of oligosaccharide soy contains less nonabsorbable, rapidlg
these oligosaccharides to their constituent simple sugars. Asfarmented substrate than does conventional soy. Thus, the advag-
result, virtually 100% of ingested stachyose and raffinosaage of low-oligosaccharide soy is that it produces less gas thaB
reaches the colon. Colonic bacteria possess the enzyme systedmes conventional soy; however, because it contains less nonaE—
necessary to ferment these sugars, and copious quantities of caprbable carbohydrate than conventional soy, the putative ben%:
bon dioxide and hydrogen may be released during the fermentéit to the colonic mucosa (18) of organic acids derived fromg
tion process. In addition to the well-known ability of soy andnonabsorbable carbohydrate is lacking. a
other legumes to cause gas in humans (1, 8, 12), soy products White rice has been shown to be the one complex carbohy2
have been reported to induce digestive problems in animals (5§irate that is nearly completely absorbed and hence results fﬁ
Soy is an inexpensive source of high-quality protein. In additionminimal breath-hydrogen excretion (7). Although there appeared
recent studies have suggested that soy may have other benefidialbe a trend toward greater hydrogen excretion after 80 g lowS
features, including antineoplastic properties (13). Thus, a sogligosaccharide soy than after 80 g white rice (Figure 3), this dif-§
that lacks gas-producing factors could be useful for both humarference was not significant when assessed by ANOVA. Howevery,
and animals. this difference was significantP(= 0.026) when assessed by i

Recent studies have elucidated the metabolic pathwapairedt test. Thus, it seems likely that some component of theQ

involved in raffinose and stachyose synthesis in soybeans (Figew-oligosaccharide soy, such as galactinol or fiber, provided®
ure 1). At the end of this pathway, galactinol@ia-p-galac-  substrate that supported a small amount of hydrogen production
topyranosylp-myo-inositol) serves as a galactose donor forin the colon.
reactions in which sucrose is converted to raffinose and raffinose The widespread belief that legume ingestion causes excessive
to stachyose (14). These reactions are catalyzed by galacectal gas is supported by a large body of anecdotal evidence and
tinol-sucrose galactosyltransferase and galactinol-raffinoseany objective measurements (1, 8, 12). In the present investiga-
galactosyltransferase, respectively. Beans with a naturally lovion, no significant increase in flatus frequency was observed after
activity of these enzymes have been identified and compareitigestion of 34 g conventional soy, whereas ingestion of 80 g con-
with conventional soybeans; these low-oligosaccharide soybeangntional soy (3.1 g raffinose and stachyose) resulted in a signifi-
are low in raffinose and stachyose but rich in galactinol (Tableant increase in flatus frequency. The relatively minor increase in
1). The low concentration of the oligosaccharides presumablflatus frequency induced by conventional soy flour (about 4 pas-
should reduce the gas-producing propensity of these beansages/12 h) was not totally unexpected given the relatively small
However, the fate of galactinol in the intestinal tract of humangquantity of oligosaccharides (3.06 g) in the 80-g dose. Christl et al
and animals has not been studied. It seems likely that the sma(t9) showed that as the rate of gas production in the colon
intestinal mucosa will be impermeable to a water-soluble moleincreases, a smaller fraction of the gas is absorbed and a greater
cule the size of intact galactinol, which consists of galactosdraction is excreted through the rectum. Thus, it is possible that a
bound to myo-inositol. However, in the absence of informationslightly greater dose of conventional soy flour might have resulted
concerning the digestibility of galactinol and the ability of the in a disproportionate increase in rectal gas output and a more read-
colonic microflora to ferment nonabsorbed galactinol, the gasi#y recognizable increase in flatus frequency.
producing propensity of a soybean low in oligosaccharides but Techniques to reduce the raffinose and stachyose contents of
rich in galactinol could not be predicted with certainty. soybean products have been the subject of extensive investiga-
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tion. Cooking does not eliminate these heat-stable oligosaccha-
rides; however, germination for 1—4 d results in the utilization of

the bulk of these sugars (20). Incubation with various microor- 9.

ganisms or enzymes derived from microorganisms yields prod-
ucts with a markedly reduced oligosaccharide content (21, 22).
Ultrafiltration of the aqueous fraction of soybeans has also beer
successful in removing oligosaccharides from soybeans (23).

The present study showed that soy seeds naturally low in2.

oligosaccharides produced little flatulence, significantly less

than that associated with conventional soy. Thus, this new seetS.

may represent a useful alternative to conventional soybd&ahs.

14.
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