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Abstract

In our previous study, we demonstrated that abstaining from meat, for 1 month, by healthy omnivores (lacto-ovovegetarian model)

resulted in a statistical decrease in pancreatic secretion as measured by faecal elastase-1 output. However, no correlation between relative

and non-relative changes of energy and nutrient consumption and pancreatic secretion was documented. Therefore, in the present study,

we aimed to assess the changes of exocrine pancreatic secretion with a more restrictive dietetic modification, by applying a vegan diet.

A total of twenty-one healthy omnivores (sixteen females and five males) participated in the prospective study lasting for 6 weeks. The

nutrient intake and faecal output of pancreatic enzymes (elastase-1, chymotrypsin and lipase) were assessed twice during the study.

Each assessment period lasted for 7 d: the first before the transition to the vegan diet (omnivore diet) and the second during the last

week of the study (vegan diet). The dietary modification resulted in a significant decrease in faecal elastase-1 (P,0·05) and chymotrypsin

output (P,0·04). The lipase excretion remained unchanged. The decrease in proteolytic enzymes was documented to be positively

correlated with a decreased protein intake (P,0·05). In addition, elastase-1 and chymotrypsin outputs were also related to the changes

of protein type, plant v. animal (P,0·04 and P,0·03, respectively). It was concluded that significant reduction and modification of protein

intake due to a short-term vegan diet resulted in an adaptation of pancreatic protease secretion in healthy volunteers.
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The adaptation of pancreatic enzymes to the type of food

available is one of the physiological advantages that allows

animals to use nutrients and energy for metabolism as effi-

ciently as possible. In today’s era, numerous opportunities of

genetic analysis exist, human genome mapping and even

the sequencing of individual digestive enzyme DNA is poss-

ible, yet exocrine pancreatic adaptive mechanisms still

remain unsolved. Direct research methodology for the collec-

tion of pancreatic juice is an invasive procedure and therefore,

the challenge still remains to search for some non-invasive

methods that would allow for the clarification of what exact

exocrine pancreatic adaptive changes occur in humans.

Walkowiak et al. assessed the changes of exocrine pancreatic

secretion in a group of healthy omnivores who modified their

diet by abstaining from meat (following a lacto-ovovegetarian

model) for 1 month(1). These dietary changes resulted in

a statistically significant decrease in pancreatic secretion as

measured by faecal elastase-1 (FE1) output. On the other

hand, faecal chymotrypsin (FChT) and faecal lipase (FLp)

excretions remained unchanged. Hypothetically, the major

dietetic influence was related to the subject’s exclusion of

meat from their diet. The lack of elastin, the target molecule

for elastase-1, might be responsible for the observed selective

changes in its pancreatic secretion. However, no significant

correlation between relative and non-relative changes of

energy and nutrient consumption and pancreatic secretion

has been documented. Therefore, in the present study, we

aimed to assess the changes of exocrine pancreatic secretion

with more restrictive dietetic modification, thus applying a

vegan diet.

*Corresponding author: E. Mądry, fax þ48 61 8483362, email edytamadry@gmail.com
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Materials and methods

Study design

The study was performed in a prospective way and lasted for

6 weeks, 1 week of an omnivore diet followed by 5 weeks

of a vegan diet. Once healthy omnivore volunteers started

a vegan diet, they followed it for the period of the study.

Nutrient intake was assessed twice during the length of the

study. Each assessment period lasted for 7 d: the first before

the transition to the vegan diet (omnivore diet); the second

during the last week of the study (vegan diet). The faecal

output of pancreatic enzymes: FE1, FChT and FLp was

analysed during the same assessment periods (7 d).

Inclusion criteria

The inclusion criteria were as follows: good general and nutri-

tional status (normal Hb – females: 7·5–9·9 mmol/l, males:

8·7–11·2 mmol/l; ferritin – females: 6·9–282·5mg/l, males:

18·7–323mg/l; albumin levels – 35·0–52·0 g/l); willingness

to participate in the study.

Exclusion criteria

The exclusion criteria were as follows: any history of gastroin-

testinal or systemic diseases; any acute disease 1 month before

or during the study; discontinuation of the vegan diet within

the study period.

The sample size was established according Altman’s normo-

gram(2). Study volunteers were recruited from students and

young workers of the Poznań University of Medical Sciences

and there were no dropouts during the study. Only highly

motivated and enthusiastic subjects were enrolled in the

study. Finally, volunteers received detailed information on

vegan products, as well as several examples of different

well-balanced vegan meals. Each subject’s diet compliance

was checked three times per week of the study.

Subjects

A total of twenty-one healthy omnivores (sixteen females and

five males) aged 21 to 35 years (mean 23·0 (SD 3·6) years)

were included into the study. Their BMI values were in the

range of 18·0–29·9 kg/m2 (mean 22·9 (SD 3·1)). Physical

activity was assessed by a 7 d recall(3). All subjects were

found to have moderate activity, which did not differ between

the two periods of the study. Fat body mass assessed with

the bioimpedance method (BIA-STA, Akern, Florence, Italy)

was normal in all subjects, both before and after the dietary

intervention period(4).

Methods

The assessment of nutrient intake (all available macro- and

micronutrients) was based on the records of 7 d weighed

rations. The dietetic records (with the use of scales with an

approximation of 0·1 g) were collected by subjects at home.

All subjects were given both oral and written instructions

for data collecting, and they recorded all of their meals in a

diary. The diet records were then reviewed and clarified

with subjects (J. P.). The obtained data were analysed using

our own, previously created, computer database (Microsoft

Access 7.0; J. P.) prepared on the basis of tables for

the composition assessment of the nutritional value of

food products(5). The degree to which the recommended

intake was met was considered in relation to standard

values given by the National Institute of Food and Nutrition

in Warsaw(3).

Faecal enzymes were determined in three independent

samples of every stool. For further analysis, the mean value

was taken. FE1 concentration (the test based on monoclonal

antibodies) and FLp activity were measured using the

immunoenzymatic method (ELISA), whereas FChT activity

was measured using colorimetric method(6,7). Faecal enzyme

output was calculated according to the following formula:

FEO ¼
FE1 £ SW1 þ · · · þ FEn £ SWn

3
;

where FEO is the faecal enzyme output, FEn is the faecal

enzyme concentration/activity in a subsequent (n) stool and

SWn is the stool weight of a subsequent (n) stool.

Statistical analysis

Statistical differences in nutrient intake and faecal enzyme

output between two points of the assessment (paired data)

were calculated with the use of the Wilcoxon-rank test.

The relationship between the changes of faecal enzyme

output and the changes in nutrients intake was assessed

using multiple regression analysis.

If not stated otherwise, values are expressed as means

and standard deviations. The levels of significance was set

at P,0·05.

Ethical considerations

The study was conducted according to the guidelines laid

down in the Declaration of Helsinki and all procedures invol-

ving human subjects were approved by the Ethical Committee

of the Poznań University of Medical Sciences, Poland. Written

informed consent was obtained from all subjects.

Results

A statistically significant decrease in FE1 (P,0·05) and FChT

output (P,0·04) was observed during the study. However,

FLp excretion remained unchanged (Table 1). Comprehensive

nutritional data are presented in Table 2. A significant redu-

ction in body mass (63·7 (SD 10·2) v. 62·8 (SD 9·7) kg) and

BMI (22·9 (SD 3·1) v. 22·6 (SD 2·7) kg/m2) values was observed

(P,0·001). Significant changes in the consumption of total,

animal and plant proteins, fat, SFA and MUFA (P,0·0001 for

all), dietary fibres (P,0·0001), Se (P,0·005), as well as for

energy (P,0·003) and carbohydrate (P,0·0006) intake were

documented. However, PUFA consumption did not change.

Additionally, with the lowering of protein and fat intake,

Changes of pancreatic secretion in vegan diet 273

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . IP address: 35.153.166.111 , on 06 D

ec 2021 at 12:34:09 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114511002923

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114511002923


a significant decrease (P,0·001 for both) in the percentage of

energy consumed as protein (15·3 (SD 2·4) v. 11·8 (SD 1·7) %)

and fat (32·0 (SD 4·2) v. 15·0 (SD 2·2) %) was observed.

No statistically significant correlations between relative and

non-relative changes of energy, carbohydrate and fat (inclu-

ding SFA, MUFA and PUFA) consumption and faecal output

of pancreatic enzymes were documented. However, the

decrease in proteolytic enzymes was documented to be posi-

tively correlated with the decrease in protein intake (P,0·05).

In addition, FE1 and FChT outputs were also related to the

changes in protein type (plant v. animal; P,0·04 and

P,0·03, respectively).

Discussion

Although the statement ‘exocrine pancreatic function can be

modified by the composition of the diet’ seems to be obvious

since Ivan Pavlov’s time, the detailed mechanisms of this

phenomenon still remain unclear in humans. To date, much

of our understanding of digestive enzymes comes from

animal studies. Relatively little information is available in

humans, which seems understandable given the invasiveness

of the typical testing procedures. Since differences among

species have been demonstrated between the adaptability of

pancreatic enzymes(7), the search for a non-invasive method

that will allow for a full understanding of human exocrine

pancreatic adaptive changes still remains an important, unre-

solved issue. The indirect methods of digestive pancreatic

enzyme assessment combined with the elimination diet that

we proposed might be the useful tool for further examinations

of exocrine pancreatic adaptive mechanisms in human

subjects. However, the measurement of faecal enzymes as a

marker of pancreatic enzyme secretion has some limitations(8,9).

Veganism, one of the most restrictive types of vegetarianism,

may create an interesting opportunity that might be able to

contribute to answering certain questions in this field. A

vegan diet consists of consuming only vegetables, fruits,

grains and nuts without the addition of milk products and

eggs and with the exclusion of all forms of flesh (meat, fowl

and seafood). The study based on the vegetarian model

seems to be justified not only by the cognitive but also by

the practical point of view. For example, a plant-based diet

can provide a useful dietary management for renal patients,

giving them more chances for long-lasting dietary compli-

ance(10) or such a diet may also have important beneficial

effects on diabetic nephropathy, eliminating the need for

restricted total protein intake(11).

In the present study, the use of the prospective vegan

model revealed a selective adaptation of pancreatic secretion.

The decrease in proteolytic enzyme outputs was documented

to be positively correlated with the decrease in protein intake.

Although volunteers consumed less fat, FLp excretion

remained unchanged. Zoppi et al. documented in premature

infants that high-protein diets resulted in increased levels of

trypsin and lipase(12). In another study of premature infants,

the significant increase in trypsin and lipase output in a sub-

group fed with high-protein soya-based formula has been

documented(13). In our previous study with opposite dietary

modifications (decreased protein) in healthy adult volunteers,

concordant regulatory mechanisms were observed between

Table 2. Changes in daily energy and nutrient intake resulting from the diet modification (omnivore v. vegan diet)

(Mean values, standard deviations, medians and quartiles)

Omnivore diet Vegan diet Relative changes*

Nutrient Mean Median 1st–3rd quartile Mean Median 1st–3rd quartile Mean SD Median P

Energy (kJ) 9213·17 9070·91 8096·04–9865·87 8016·54 8321·98 7539·57–8953·76 364·01 92·05 383·67 0·03
Protein (g) 84·3 83·5 72·4 – 90·5 56·7 55·8 50·1 – 59·9 67·3 21·5 66·8 0·0001
Animal protein (g) 52·4 53·1 43·7 – 62·2 0·0 0·0 0·0 – 0·0 0·0 0·0 0·0 0·0001
Plant protein (g) 31·9 30·4 21·3 – 39·8 56·7 55·8 50·1 – 59·9 177·7 43·1 183·6 0·0001
Carbohydrates (g) 281·0 283·4 245·2 – 321·8 352·8 369·0 324·5 – 399·7 125·6 29·8 130·2 0·0006
Fat (g) 82·3 77·8 69·8 – 85·1 30·9 32·2 29·1 – 35·4 37·5 20·2 41·4 0·0001
SFA (g) 28·9 27·1 24·9 – 30·2 6·6 6·9 6·2 – 7·9 22·8 13·3 25·5 0·0001
MUFA (g) 31·4 29·7 25·2 – 33·8 10·4 10·9 9·8 – 11·8 33·1 33·1 36·7 0·0001
PUFA (g) 13·8 13·2 10·9 – 16·1 10·8 11·2 10·0 – 12·3 78·3 40·3 84·8 NS
Fibre (g) 18·2 18·8 15·3 – 22·1 43·2 42·9 37·9 – 46·5 237·4 23·8 228·2 0·0001
Se (mg) 38·2 39·9 30·1 – 47·2 24·3 24·9 22·6 – 26·8 63·6 25·2 62·4 0·005

* Values are expressed as a percentage of the original value.

Table 1. Daily faecal elastase-1 (FE1), chymotrypsin (FChT) and lipase (FLp) outputs
on an omnivore and vegan diet

(Medians and quartiles)

Omnivore diet Vegan diet

Enzyme Median 1st–3rd quartile Median 1st–3rd quartile P

FE1 (mg/g) 71 543 39 554–89 300 44 576 27 808–74 560 0.05
FChT (U/g) 1602 1328–2698 1037 966–1958 0.04
FLp (U/g) 8275 4460–14 549 7998 4323–13 427 NS
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protein intake and protease secretion (both were decreased).

On the contrary though, in the present study, no changes

of lipolytic activity were observed. However, it has been

documented earlier that qualitative changes in a dietary

fat (SFA, MUFA and PUFA) profile could still play a role

in pancreatic enzyme secretions(14,15). According to Saraux

et al., in rats, lipase adapts quantitatively to the amount of

its respective substrates in the diet by an increase in its specific

activity and total contents. The length of the fatty acid chain

has been shown to influence the pancreatic lipase level,

whereas the degree of unsaturation appears to have no

effect on the lipase level in this organ(16). In dogs, however,

lipase output was significantly lower in the group fed with

the diet rich in MUFA (compared with PUFA)(17). Pancreatic

lipase activity in rats that were fed diets with 11, 40, 47, 54,

67 and 75 % kJ as fat was not significantly different when

the dietary fats were less than 47 % kJ. It was though maxi-

mally stimulated when the dietary fat content was 54 and

67 % kJ(18). These findings suggest that pancreatic lipase may

adapt primarily to the amount of dietary fat and may respond

to the type of fat only below certain threshold levels, as was

observed in the study quoted above. Few reports in the lite-

rature to date have considered a diet with a reduced fat

content (as we have done in the present study). The effect

of ingesting isoenergetic and isonitrogenous diets with

different amounts of lipid (0–30 %) on the exocrine pancreas

was studied by Wicker & Puigserver. Lipid-free diets and

diets containing 1 % lipid were found to have little effect on

pancreatic proteins compared with lipid-rich diets(19).

The changes in nutrient intake in the present study are more

complex than in simple experiments, which complicates the

analysis of the data. However, we observed that FLp excretion

remained unchanged despite the decrease in fat intake in our

subjects. It is possible, that the decrease in lipase production

associated with low fat intake could be halted by the high diet-

ary fibre content clearly connected with a vegetarian diet, and

documented in the present study. Dukehart et al.(20) has

demonstrated that in human subjects, 4 weeks of a fibre-rich

diet resulted in significant increases in pancreatic lipase

concentrations. Therefore, unchanged lipase output may be

related to the balance between factors that stimulate and inhi-

bit its secretion.

Relationships between FE1 and FChT stool concentrations

and changes in animal/plant protein consumption were also

documented in the present study. The observed reduction

of faecal output of pancreatic enzymes remains in concor-

dance with previous observations from a lacto-ovovegetarian

model(1). It may, however, also be suggested that the change

in the type of proteins (animal v. plant) may play a role in an

adaptive decrease in FE1 secretion. The reduction of FE1

output (31·7 v. 37·7 %) in both publications is not different.

However, protein consumption is significantly more reduced

due to the vegan diet compared with the previous lacto-

ovovegetarian model (93·5 v. 67·3 %).

Elastase is one of the serine endopeptidases found in pan-

creatic juice. The designation of an enzyme as an elastase

depends on its ability to digest elastin, a fibrillar protein of

connective tissue found in meat. Elastin is composed of 90 %

of the five amino acids, leucine, isoleucine, glycine, proline

and valine, and it also contains multiple lysine-derived

cross-links. Chymotrypsin, the other pancreatic endopeptidase

of the serine protease family, hydrolyses peptides with aro-

matic amino acids in their structure (phenylalanine, tyrosine

and tryptophan)(19). Animal and plant proteins differ in their

contents of particular amino acids(20). The elimination of

meat from the diet results in the lack of elastin, the target

molecule for elastase-1, and this may be what is responsible

for the observed decrease in its pancreatic secretion. However,

exclusion of dairy products and eggs (high content of aromatic

amino acids) could affect the lowering of chymotrypsin

concentrations as documented in the present study, especially

since 5 weeks of the lacto-ovovegetarian diet did not result

in chymotrypsin decline(1).

Pancreatic serine proteases are synthesised as inactive

pro-enzymes and are all (also trypsin by itself) activated by

trypsin(21–23). Hence, it can be assumed the trypsin inhibitors

could potentially influence the activation of other enzymes

including elastase-1 and chymotrypsin. A soyabean trypsin

inhibitor has been shown to decrease the activity of trypsin

in rats(24). However, the effect on human trypsin does

not appear to be a potential hazard in human subjects,

thus soya is commonly added to products commercially avail-

able for omnivores(25). However, the hypothetical influence

of soya products cannot be possibly assessed with the data

provided in the present study.

Other factors possibly influencing pancreatic secretion in

vegans (documented in the present study) are low Se

intake(26) and a high fibre content in the diet(27,28). Nutritionally

induced pancreatic atrophy was demonstrated in Se-deficient

chicks(29,30) but a similar phenomenon has never been

suggested in other species, including human subjects. In vitro

studies have demonstrated that dietary fibre, as well as its

components, have varying inhibitory effects on pancreatic

trypsin, amylase and lipase activities. These inhibitory effects

are caused by dietary fibre-induced alterations in viscosity,

pH and the non-specific binding of these pancreatic

enzymes(20,27,28). In contrast to in vitro studies, in vivo studies

on animals (rats) that were fed dietary fibres for 2–6 weeks

have demonstrated an increase in pancreatic enzyme secre-

tions(31,32). In human subjects, during a 4-week dietary fibre

supplementation programme, no changes were observed in

trypsin concentration and output, while a marked increase in

lipase concentrationhas been reported, asmentioned earlier(20).

In conclusion, a significant reduction and modification

of protein intake due to a short-term vegan diet resulted in

an adaptation of pancreatic protease secretion in healthy

volunteers. The nutritional changes documented in the recent

study are very complex. This makes it difficult to interpret and

draw conclusions from the collected data.
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