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Lime-treated maize husks lower plasma LDL-cholesterol levels in
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Lime-treated maize husks (LTCH), a by-product of tortilla manufacturing in Mexico, have been
shown to decrease plasma LDL-cholesterol levels in guinea-pigs by specific alterations in hepatic
cholesterol metabolism. To determine whether LTCH would also lower plasma cholesterol levels
in normal and hyperlipidaemic individuals, the fibre content of a typical diet was increased by
supplementing free-living subjects in North-West Mexico with cookies containing 4509 LTCH/
kg. Normal subjects n( 11) with plasma cholesterol levels of less thaff famol/l and
hypercholesterolaemic subjects 12) with plasma cholesterol levels higher thai@ mol/l
participated in the study. Plasma glucose, cholesterol, triacylglycerol, LDL-cholesterol and
HDL-cholesterol concentrations, LDL:HDL values and blood pressure were determined at
baseline and after 6 weeks of supplementation with LTCH. LTCH supplementation significantly
lowered the plasma total cholesterol level by 11-15% and LDL-cholesterol by 25%, and
improved the LDL: HDL value by 29-33 %P(< 001) in both normal and hypercholesterol-
aemic subjects. HDL-cholesterol, triacylglycerol and glucose concentrations did not change.
Both groups consumed equal amounts of LTCH per week; individuals showed excellent
compliance and good acceptance of the product. Neither group changed their dietary habits
during the time of the experiment as determined by 3 d dietary records at baseline and at week 6.
We conclude that LTCH supplements are suitable to increase fibre intake and reduce plasma
LDL-cholesterol levels in healthy and hypercholesterolaemic subjects in this population.

Maize husks: Plasma cholesterol: Dietary fibre

Several authorized organizations have recommended thalowers plasma LDL-cholesterol concentrations without
Western societies increase their dietary fibre intake to affecting HDL-cholesterol levels, resulting in an improved
reduce plasma cholesterol concentrations and the associatetipoprotein profile (Andersoret al. 1990; Uusitupaet al.
risk of CHD (American Heart Association Task Force on 1992; Vuorinen-Makkoleet al. 1992; Hunninghakest al.
Cholesterol Issues, 1990). In Mexico, CHD incidence has 1994). Recent studies in animal models have demonstrated
increased in the last 20 years and has become the leadindhat the soluble fraction of fibre has a significant influence
cause of death in this country (Posadas-Rone¢sd. 1995). on plasma lipid levels by affecting lipoprotein secretion and
The population of North-West Mexico is characterized by catabolism (Mazuet al. 1990; McCallet al. 1992; Turleyet
elevated plasma cholesterol and triacylglycerol concentra- al. 1994; Fernandez, 1995; Turley & Dietschy, 1995). It has
tions and low plasma HDL levels (Posadas Rometrail. also been demonstrated that the lowering of plasma LDL-
1995). Elevated plasma cholesterol levels, particularly LDL- cholesterol levels induced by pectin, guar gum and psyllium
cholesterol concentrations, clearly increase risk of CHD is aresult of different mechanisms specific to each fibre, and
(Andersonet al. 1992). Diet therapy should be the primary that the level of dietary cholesterol contributes to the different
intervention for hypercholesterolaemia, followed by addi- metabolic responses (Fernandez, 1995). In addition, our
tional measures if serum cholesterol fails to respond ade-previous study indicated that intake of lime-treated maize
guately (National Cholesterol Education Program, Expert husks (LTCH) resulted in a 25% reduction in plasma
Panel on Detection, Evaluation and Treatment of High VLDL- and LDL-cholesterol concentrations in guinea-pigs
Blood Cholesterol in Adults, 1990; Jenkies al. 1996). (Vidal-Quintanaret al. 1997). A reduction in microsomal
Studies with cereal hulls and wholegrain flours have cholesterol, possibly induced by the action of LTCH in the
demonstrated that a fibre intake of 20—50 g/d significantly intestinal lumen, altered the regulatory enzymes of cholesterol

Abbreviation: LTCH, lime-treated maize husk.
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homeostasis, up-regulated hepatic LDL receptors and low- < 5[ mmol/l) based on their medical file, were recruited for
ered plasma LDL levels in guinea-pigs (Vidal-Quintanar this study through community cholesterol screenings and
et al. 1997). they all completed the study protocol. Subjects ranged in
The present studies were undertaken to determine the effecage from 22 to 53 years (mean 35 years), frof01to
and acceptability of low doses of LTCH and to evaluate its 182 m in height and from 90 to 130% desirable body
hypocholesterolaemic properties in adult men to verify the weight. Details are summarized in Table 1. The majority
efficacy of LTCH in lowering plasma LDL-cholesterol that of the subjects were sedentary as indicated by the low scores
we observed in guinea-pigs (Vidal-Quintaretral. 1997). for the level of activity. Four subjects were considered
Two groups of men (eleven normal and twelve hyperchol- heavy smokers, one from the normal group and three from
esterolaemic) from a sedentary population in Hermosillo, a the hypercholesterolaemic group. Both groups contained an
city located in North-West Mexico, were selected; their equal number of individuals who consumed more than five
typical diet was supplemented with 32 g total fibre/d via beers (1200 ml) per week.
intake of cookies containing 4509 LTCH/kg, which were Patients treated with lipid-lowering drugs, or with cardio-
administered for 6 weeks. vascular or active gastrointestinal diseases were excluded
from the study. All subjects selected were interviewed to
. inform them of the nature of the experiment and all of them
Materials and methods were requested to provide written informed consent. Com-
Materials parisons between normal and hypercholesterolaemic
) ) ] patients indicate that this study was conducted with two
Enzymic cholesterol and triacylglycerol assay kits were yery different populations regarding their baseline character-
purchased from Boehringer Mannheim (Indianapolis, IN, jstics. The hypercholesterolaemic individuals were older in
USA). Glucose kits were from Merck (Darmstadt, Germany). age p < 0[01), and had higher plasma total cholesterol, LDL-
LTCH are a by-product of the tortilla industry in Mexico. The  cholesterol, triacylglycerol and glucose concentratidhs: (
LTCH product for these studies was obtained from Maseca, gp01) than those subjects defined as normal (Table 1). In
Sociedad Anonima (Ciudad Obreg&onora, Mexico) and  addition, body weight and BMI were higher and blood
had the following composition (g/kg): total fibre 685 (soluble ' pressure tended to be highd?=£ 006) in the hyperchol-
fibre 50), protein 87, fat 29, ash 16, carbohydrate 182. The gsterolaemic group (Table 1). All these characteristics of the
insoluble fibre portion was largely hemicellulose (800 g/kg). hypercholesterolaemic subjects suggest that these indivi-
As aresult of the lime treatment, there was a concentration quals might have had syndrome X or type Il diabetes.
of Ca equivalent to @1 g/kg in the husks. Wheat flour and  However, because there was no documented clinical disease
other baking supplies were obtained from a local market. jn these subjects, they were not removed from the study. The
levels of activity, heights and numbers of subjects consum-
ing moderate intakes of alcohol were similar in both groups.
The number of smokers was higher in the hypercholesterol-
Twenty-three adult males, twelve with hypercholesterolaemia aemic group.
(plasma cholesterol concentrations 54 mmol/l) and Subjects were followed on an ambulatory basis for
eleven healthy subjects (plasma cholesterol concentrationst weeks. Subjects adhered to their usual diets and did not

Subjects

Table 1. Baseline characteristics of normal (cholesterol < 57 mmol/l) and hypercholesterolaemic
(cholesterol > 57 mmol/l) subjects

(Mean values and standard deviations)

Normal (n 11) Hypercholesterolaemic (n 12)

Variable Mean Sb Mean SD
Age (years) 302 76 39[B** 88
Activity T 180 07 125 089
Smokers (n) 10 (9%) 3[0** (25 %)
Alcohol consumptions (n) 9 (82 %) 9 (75 %)
Body weight (kg) 746 134 89[4** 1603
BMI (kg/m?) 2418 28 28[9** a7
Height (m) 179 o 15 o1
Systolic blood pressure (mmHg)8 121 11 132 16
Diastolic blood pressure (mmHg) 78 10 80 13
Plasma cholesterol (mmol/l) 5006 02 680** 0[49
Plasma triacylglycerols (mmol/l) 066 025 2[25** 135
Plasma HDL-cholesterol (mmol/l) 100 oaz 0B6** orR7
Plasma glucose (mmol/l) 4094 013 5[72** ol

Mean values were significantly different from those for normal subjects: **P < 001 (unpaired t test).
t1=inactive, 2 =active (2—3 h exercise/week) and 3 =very active (5—6 h exercise/week).

F More than five beers (1200 ml) per week.

§ Systolic blood pressure was almost significantly higher in hypercholesterolaemic individuals (P = 0[06).
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change lifestyle during the 6 weeks of the experiment. Both laboratory by participation in the Centers for Disease
groups, normal and hypercholesterolaemic individuals, con- Control—National Lung and Blood Institute Lipid Standard-
sumed daily 729D 2) g cookies (approximately ten cookies) ization Program since 1989. Two blood samples (at baseline
containing 450 g LTCH/kg. Plasma lipids and other baseline and after 6 weeks) were obtained to measure total plasma
variables were established after the second visit. All human cholesterol, triacylglycerol and HDL-cholesterol concen-
experiments were carried out according to the guidelines of trations. Total cholesterol was determined by enzymic
the University of Sonora and protocols were approved by methods (Allainet al. 1974) using Boehringer-Mannheim
the human subject committee. cholesterol standards. HDL-cholesterol was measured in the
supernatant fraction after precipitation of apolipoprotein
B-containing lipoproteins (Warnickt al. 1982, 1996), and
LDL-cholesterol was calculated as described by Friedewald
The LTCH-cookies were baked following the micro-method et al. (1978). Triacylglycerols were determined after adjust-
Il (Finney et al. 1950) in a pilot plant twice weekly ing for free glycerol according to the method of Catral.
(Monday and Thursday) for 6 weeks. The chemical com- (1993). Plasma glucose was determined according to the
position of the cookies is shown in Table 2. Individual method of Behalkt al. (1984).

packages containing the 72 2) g daily intake of cookies
were handed to the patients on the Tuesday and Friday of
every week of the study. Cookies were similar in colour,
taste, texture and shape to those that are sold at Natural Foo®differences in dietary intake and baseline characteristics
stores in the city of Hermosillo. between normal and hypocholesterolaemic individuals were
calculated by using an unpairédest with a statistical soft-
ware program (SAS Institute Inc., Cary, NC, USA,; 1988).
Differences in the measured variables within treatment
Informed consent, a medical history and a physical exami- groups were evaluated using pairedest and the same
nation were obtained from each subject during the grouping statistical program. Within-group analyses were averages of
time (baseline period). In addition, 3d diet records were measurements obtained during the establishment of baseline,
obtained at baseline and during week 6 to calculate the compared with average measurements obtained during the
amounts of nutrients consumed, including fat, protein, carbo- final week of the treatment period. Day-to-day variability in
hydrate, dietary fibre and dietary cholesterol using a com- plasma lipid measurements were assessed by Pearson corre-
puterized nutrient database which contains typical Mexican lation coefficients and pairddest to assess whether plasma
food items (Hernandezt al 1987). Personnel from the study lipid values obtained on day 1 were significantly different
visited each patient twice weekly to distribute the packages from those obtained on day 2 during baseline and at the end
of cookies and the weekly discomfort questionnaire. To of the experiment.

reduce possible gastrointestinal effects of increased fibre

intake, subjects were advised to consume 36 g cookies in the Results

morning and the other half in the evening. Body weight was
recorded weekly.

Preparation of cookies

Statistics
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Additional measurements

Characteristics at baseline

A record of compliance, acceptability, future intake and
side-effects were kept for all individuals participating in the
study. As indicated in Table 3, the individuals belonging
Plasma lipids were measured at baseline and after 6 weeksto the normal group had overall higher compliance and
Standardization and quality control for plasma cholesterol acceptance of the fibre supplement and complained less of
and triacylglycerol assays have been maintained in our side-effects than the hypercholesterolaemic individuals. These
observations suggest that for this particular study the normal
individuals were more compliant and changed their dietary
habits relatively easily compared with the hypercholesterol-
aemic group.

Plasma lipids and glucose

Table 2. Chemical composition of cookies containing lime-treated
maize husk*

(Mean values and standard deviations for four determinations)

- Diets and fibre intake
Composition (g/kg)

The typical northern Mexican diet followed during the

Variable Mean SD treatment period (as assessed by 3d dietary record at base-
Moisture 89 1 line and at the end of the 6 weeks) provided 53-55 % total
Protein 78 4 energy as carbohydrate, 19—25 % energy as protein, 23—26 %
";ath 2‘2‘8 13[2 energy as fat, 13—16 % energy as saturated fatty acids. The
Tcs)tal fibre 346 124 amount of dietary cholesterol ranged from 224 to 1819 mg/d
Soluble fraction 55 10 with mean values of 529 and 865 mg for the hyperchol-
Insoluble fraction 292 216 esterolaemic and normal groups respectively (Table 4),
Carbohydrates 306 288 values that indicate high consumption of animal products.

*Measured using the official methods of the American Association of Cereal B_Oth grqups of SUbjeCts Con_sumed _Sim"ar amounts .Of total
Chemists (1990). dietary fibre (61—69 g/d) which is high compared with the
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Table 3. Acceptability and side-effects of cookies containing 450¢ (sp 713) g/week). The supplement of 24 g/d total dietary
lime-treated maize husks/kg for normal (cholesterol < 57 mmol/l) and fibre contained 0n|y 49 soluble fibre
hypercholesterolaemic (cholesterol > 57 mmol/l) subjects* )
Number of subjects in the group Plasma lipids and other variables
Variable Normal Hypercholesterolaemic There were no significant differences in baseline serum total
Compliance: cholesterol, HDL-cholesterol, LDL-cholesterol or triacyl-
Good 7 7 glycerol concentrations between blood samples 1 and 2.
Moderate 3 3 Pearson correlation coefficients between measurements
Aczgg[abimy_ 1 2 varied from @83 to 095 (results not shown) indicating no
Easy to take 9 8 significant differences in these variables between day 1 and
Difficult to take 2 4 day 2. . _

Impossible to take 0 0 At the end of the supplementation period, all measure-
Fu\t/v_f”et'”;a‘ftei 5 4 ments were analysed and compared with baseline values.
Wil ;erf];ps ke it 5 s Body weight and blood pressure values after week 6 of

Will not take it 2 3 experimentation were not significantly differef® % 0[05)

Side-effects: from baseline for all subjects.

> No. of defecations 5 3 Plasma total cholesterol and LDL-cholesterol levels
Bloated 4 6 were significantly P < 001) lowered by 11-15% and by
Flatus 3 ; 24-25% ively by LTCH suppl ion in th
Fullness 2 9 —25% respectively by supplementation in the
None 1 0 normal and hypercholesterolaemic groups. Total plasma

. . . . HDL-cholesterol, triacylglycerol and glucose concentrations

o o g, CCONIes: sublects and procedures, see Tables 1 and 2 and were not affected by consumption of the dietary supplement
(Table 5). However, LDL : HDL ratios were 29—33 % lower
(P < 0@05) after 6 weeks of treatment with LTCH. These

. , . . . results indicate that supplementation of the diet with cookies
majority of the world's population and was mainly derived  qniaining LTCH had a beneficial effect in the plasma lipid
from tortillas and beans (approximately 62 % total fibre prqfile in both populations, although individuals did not

consumed), two typical food items in this population. There owenyise alter their dietary habits or change their lifestyle
were no statistically significant differences in the consump- during the experimental period.

tion of nutrients between normal and hypercholesterolaemic
subjects at baseline or after 6 weeks (Table 4). Diets were
not significantly modified during the treatment except for
the amount of fibre consumed in the form of maize husks.
Both groups consumed 731 2)g cookies (324D 1)g In this study we have demonstrated that husks from lime-
LTCH or 24 (p 1) g total dietary fibre) along with their  treated maize given as a supplement are effective in lowering
typical diet for 6 weeks. The amount of supplementary plasma LDL-cholesterol levels in normal and hypercholes-
fibore consumed per week as LTCH, in cookies, by the two terolaemic individuals even without other significant changes
groups was not significantly different (2320(79) v. 233 in their dietary patterns during the time of the experiment.

Discussion

Table 4. Characteristics of the diets consumed by normal (cholesterol <57 mmol/l) and hypercholesterolaemic (HC; cholesterol > 5[7 mmol/l)
subjects from 3 d records taken at baseline and after 6 weeks of supplementation with lime-treated maize husk (LTCH) cookies*

(Mean values and standard deviations for eleven normal and twelve HC subjects)

Baseline 6 weeks
Normal HC Normal HC
Nutrient Mean SD Mean sSD Mean sSD Mean SD
Total energy (MJ/d) 138 40 148 14 132 48 148 3B
Protein (g/d) 178 45 220 180 154 40 202 162
Protein (% energy) 208 52 249 192 198 50 230 180
Total fat (g/d) 95 25 90 25 97 45 92 43
Fat (% energy) 25 7 23 16 26 12 24 15
Saturated fat (% energy) 130 400 142 43 1509 438 148 50
Total carbohydrate (g/d) 461 192 462 115 459 218 463 187
Carbohydrate (% energy) 54 22 52 23 55 27 53 21
Dietary cholesterol (mg/d) 697 480 632 250 865 479 529 435
Dietary fibre (g) 68 24 69 13 67 30 61 19
Dietary fibre + LTCH cookie - - 1001 304 948 1809
Soluble fibre from supplement - - 40 oB 400 oz

*For details of cookies, subjects and procedures, see Tables 1 and 2 and pp. 282—-283.
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Table 5. Plasma variables, body weight and blood pressure of normal (cholesterol <50 mmol/l) and hypercholesterolaemic (cholesterol
> 507 mmol/l) men before and after 6 weeks supplementation of the diet with cookies containing lime-treated maize huskt

(Mean values and standard deviations)

Normal (n 11) Hypercholesterolaemic (n 12)
Baseline Final Baseline Final

Variable Mean sD Mean SD Mean SD Mean sSD
Total cholesterol (mmol/l) 506 0142 425* 036 680 0049 6[05* 0E8
HDL-cholesterol (mmol/l) 100 oaz7 0099 omav7 086 027 0093 016
LDL-cholesterol (mmol/l) 365 041 2[67* 066 525 0091 3090* 088
Total cholesterol : HDL-cholesterol 54 13 42* 14 82 21 68* 10
LDL-cholesterol : HDL-cholesterol 38 12 207* 12 50 19 38* 14
Triacylglycerols (mmol/l) 0B6 0R5 0oB1 034 225 135 235 0093
Glucose (mmol/l) 490 oas 505 0334 50 oa1l 501 oa1
Body weight (kg) 746 134 750 136 8914 163 903 162
Systolic blood pressure (mmHg) 121 11 121 10 132 16 132 20
Diastolic blood pressure (mmHg) 78 10 74 15 80 13 82 10

Mean values were significantly different from the corresponding baseline values: *P < 0[05.
T For details of cookies, subjects and procedures, see Tables 1 and 2 and pp. 282—-283.

These studies confirm our preliminary findings in guinea- result of the liver trying to maintain homeostasis. Since
pigs, in which a 25% reduction in LDL-cholesterol was cholestyramine accelerates the removal of plasma LDL-
observed with intakes of 75 and 100 g LTCH/kg diet (Vidal- cholesterol by up-regulating LDL receptors, the liver also
Quintanaret al. 1997). In addition, in the present study produces more VLDL as a compensatory mechanism. As
LTCH supplementation was effective in two very different VLDL is the major carrier of triacylglycerols in plasma, it is
populations in terms of plasma lipid profiles and other not surprising that plasma triacylglycerol levels were
characteristics associated with increased risk of CHD. For increased (Einarssaet al. 1991). Results from the present
example, the hypercholesterolaemic group had a morestudy suggest that a similar mechanism may take place in
undesirable plasma lipid profile, higher plasma glucose response to LTCH intake, although there was only a slight
level, higher weight, tended to have higher blood pressure increase in triacylglycerol level which was not significant.
and contained a higher percentage of smokers. It is well
known that elevated plasma LDL-cholesterol concentrations,
hypertriacylglycerolaemia (Shepherd & Packard, 1996),
body weight higher than optimal, smoking and hyperten-
sion are all factors greatly associated with CHD risk When trying to analyse the effects of LTCH in this parti-
(American Heart Association Task Force on Cholesterol cular population, an important point to consider is that the
Issues, 1990). Although the total plasma cholesterol level individuals who participated in this study consumed diets
was within the low risk range for this variable in the normal high in saturated fat (14—17 % dietary energy) which may
subjects (Jenkinst al. 1996), all individuals presented low account for the high concentrations of dietary cholesterol
plasma HDL-cholesterol levels and a high LDL : HDL value (529-865mg/d) derived mostly from meat, organ meats
which is considered to be an independent risk factor for and eggs; however, and in contradiction to this specific
cardiovascular disease (Growaral 1995). In addition, the  dietary habit, their diets were also characterized by rela-
normal group was younger which also raises the question oftively high amounts of dietary fibre which were possibly
whether their plasma cholesterol will increase to borderline three times higher than in industrialized countries where
or high risk values as they become older (Knogpal there is the concept of a ‘fibre-depleted diet’ (Spiller, 1994).
1981). Interestingly, in our study nutrient and energy intakes were
Plasma triacylglycerol and HDL-cholesterol concentra- similar whether the subjects were classified as normal or
tions were not affected by LTCH, in common with most hypercholesterolaemic, suggesting that other factors in
reported clinical studies on the effects of fibre on plasma addition to dietary pattern contribute to the elevated plasma
lipids (Bell et al. 1989; Andersomt al. 1990; Eversort al. cholesterol and triacylglycerol levels observed in the
1992; Jenkingt al 1996). Interestingly, there was a trend hypercholesterolaemic individuals.
(non-significant) for higher plasma triacylglycerols and  This diet is typical of the state of Sonora where meat
VLDL-cholesterol (calculated by dividing plasma triacyl- products, beans and tortillas are considered staples for that
glycerols by five; Friedwalet al. 1978) after LTCH intake = socio-economic group of the population (Wyettal. 1995).
in both the normal and the hypercholesterolaemic subjects.In a study where the diets of a sample of 505 subjects from
Einarssonet al. (1991) reported that hyperlipidaemic that region in Mexico were analysed, there was an average
patients had lower cholesterol levels but higher triacylgly- consumption of 329 g beans/d and 358 g tortillas/d, which
cerol levels after treatment with the bile acid-binding resin mimics the diet reported by our subjects in the present study.
cholestyramine. These observations can be explained as &he daily consumption values (g/d) of dietary fat and protein

Dietary patterns of the Mexican population and effects
of lime-treated maize husks

ssa.d Ansseniun abpriquied Aq auljuo paysiiqnd 525000665 L LL000S/ZLOL 0L/Bio 10p//:sdny


https://doi.org/10.1017/S0007114599000525

286 R. L. Vidal-Quintanaet al.

reported by Wyatet al. (1995) were similar to the average LTCH might have a comparable model of action in man
intakes of those nutrients in the present study for all our as has been reported for sources of soluble dietary fibre
subjects, although the amount of dietary fibre was somewhat(Anderson, 1987; Schneeman & Tinker, 1995), namely (1)
higher (492 v. 61 g) in the present study. interruption of the enterohepatic circulation of bile acids
Significant reductions in plasma LDL-cholesterol and in which would increase the demand for hepatic cholesterol for
the LDL : HDL value were observed with no other changes bile acid synthesis, or (2) decreases in cholesterol absorp-
in dietary habits, a situation which verifies the importance of tion associated with reduced delivery of cholesterol to the
using LTCH as an additional aide to a Step | diet (American liver through chylomicron remnants (Fernandez, 1995).
Heart Association Task Force on Cholesterol Issues, 1990).Either of these two mechanisms would result in a reduction
Soluble fibre, when given as an adjunct to a prudent diet in hepatic cholesterol and, thus, in modification of the
(Bell et al. 1989; Andersoret al. 1992) or in combination  secretion rate of VLDL and of LDL turnover (Dietschy
with a low-saturated-fat diet (Sprechetral. 1993) has been et al. 1993). In guinea-pigs the decreases in hepatic choles-
shown to be equally effective in reducing plasma LDL- terol induced by sources of soluble dietary fibre are asso-
cholesterol levels and improving the plasma lipoprotein ciated with decreased rates of apolipoprotein B secretion,
profile. These results emphasize the importance of the usedecreased conversion of VLDL to LDL and increased LDL
of fibre supplements to improve plasma lipid levels in fractional catabolic rate (Fernandez, 1995; Fernareles.
addition to significant modifications in dietary patterns and 1997). In the particular case of LTCH, we have observed an
lifestyle and not as the only resource. Thus, it is of particular up-regulation of hepatic apolipoprotein B/E receptors which
interest to determine the effectiveness of LTCH in decreasing can be related to increased LDL catabolism and decreases
plasma cholesterol concentrations when important modifica- in plasma LDL-cholesterol (Vidal-Quintanat al. 1997).
tions have been made to the dietary patterns. From these studies we conclude that LTCH significantly
lowers plasma LDL-cholesterol in normal and hypercholes-
terolaemic adult males in the same order of magnitude as
other typical sources of fibre containing higher proportions
of soluble fibre. Based on our studies in guinea-pigs and on
The significant reductions in total cholesterol, LDL-choles- the observations in the present study, it is possible that LTCH
terol and LDL : HDL value obtained by LTCH consumption might have a similar mode of action in the intestinal lumen
was similar to or greater than those reported in normal or to that of other better known, more studied sources of
in hypercholesterolaemic individuals consuming psyllium soluble fibre, which would explain the comparable plasma
(Eversoret al. 1992; Davidsoret al. 1996), subjects taking  LDL lowering achieved by LTCH when compared with
guar gum (Bosellet al. 1984; Landinet al. 1992), pectin other typical soluble fibres.
(Judd & Truswell, 1982), oat bran (Kirlst al. 1981; Liaet
al. 1995) or other sources of fibre including beans (Ander-
son & Gustafson, 1988) and cereals (Betlal. 1989). In References
contrast to al! these studies, squects consuming LTCH hadAllain CC. Poon LS. Richmond W & Fu PC (1974) Enzvmatic
only an addmpnal 4g soluble fibre/d. L.TCH Comam.s On.ly determi'nation of tétal serum cholesterﬁlinicasl Che)mistrgflzo,
509 soluble fibre/kg and supplementation of the diet with 470" 475
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Possible mechanisms of action of lime-treated
maize husks
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