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Abstract

Objective: Figs are a rich source of several different minerals and fibres. We

studied the effect of the consumption of dried California Mission figs on mineral

and nutrient levels, as well as the effect of the addition of figs to a self-selected

habitual diet on dietary patterns.

Design: A crossover randomized controlled trial study design in which participants

with a mean of age of approximately 56 years were randomly assigned to eat

either their usual diet for 5 weeks or to add dried California Mission figs (120 g/d)

to their usual diet for 5 weeks, after which they crossed over to the other group for

an additional 5 weeks. Six 24 h dietary recalls and four blood samples were

obtained from each participant.

Setting: Loma Linda University School of Public Health, USA.

Subjects: A follow-up study using data collected from eighty-eight American males

and females from September to December 2008.

Results: Diets reported in the 24 h dietary recall during the fig-supplemented diet

period were significantly higher in Ca and K in the dietary and total phase

(P value <0-05). Nevertheless, data on mineral levels in the body gathered by

means of biochemical analyses from blood samples were nearly the same for both

the figs-added and the participants’ standard diet. The estimated displacement

suggests that eating figs resulted in the elimination of 4% of desserts, 5% of

vegetables, 10 % of dairy products, 23 % of grain products and 168 % of beverages Keywords
from other sources that participants would otherwise consume. Fig
Conclusions: Based on 24 h dietary recalls, the daily consumption of figs may Habitual diets
increase the intake of several different minerals. However, mineral levels in blood Nutrient intake
samples were not altered significantly. Food displacement

Usual dietary patterns and health conditions'™ are clearly

associated. Based on several scientific articles that focus on

an individual is lactating or pregnant; these recommenda-
tions serve to help individuals maintain or improve their

the role of nutrition in health, a number of different organi-
zations, including the WHO, the Institute of Medicine’s Food
and Nutrition Board and the European Food Safety Author-
ity, issue and periodically update dietary recommendations
and guidelines in order to assist the public with avoiding
unhealthy lifestyles and preventing such chronic diseases as
obesity, diabetes mellitus, CVD, osteoporosis and several
cancers related to diet®™®. Most guidelines offer recom-
mendations regarding amounts and food types that should
be consumed depending on age, gender and whether or not

*Corresponding author: Email heba.alshaeri@my.mcphs.edu

https://doi.org/10.1017/51368980014001566 Published online by Cambridge University Press

health. Different food groups, such as fruits, vegetables and
dairy products, have been integrated into these guidelines,
with the consumption of some foods in particular being
more beneficial than others. One food with excellent
potential that has not yet been fully investigated is figs.
California Mission figs (Ficus carica ‘Mission’) have two
crops each year. The first crop is generally sold as fresh figs,
whereas the second crop is harvested in late June to be sold
as dried figs”. Dried figs have a higher nutrient density,
fibre content, shelf-life and phenol antioxidant content in
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Table 1 Mineral, free and total phenol composition of
dried California Mission figs per 100 g

Variable Value per 100 g
K (mg) 680
Total phenol (mg) 320
Free phenol (mg) 256

Ca (mg) 162

Mg (mg) 68

P (mg) 67

Na (mg) 10

Fe (mg) 203
Zn (mg) 0-55
Mn (mg) 0-510
Cu (mg) 0-287
Se (ug) 0-6

Sources: US Department of Agriculture™” and Vinson
et al®.

comparison with other fruit®”. The mineral and phenol
contents of 100 g of figs are presented in Table 1.

To the best of our knowledge, no published studies
focus on the effect of fig consumption on mineral and
nutrient levels or food displacement. Food displacement is
important as ‘an inverse measure of the degree to which
the fig supplement induced a change in the content of a
particular food in the supplemented diet”. To under-
stand the effect of the consumption of dried California
Mission figs on different dietary and plasma minerals, we
conducted a randomized controlled clinical trial with a
group of participants in an effort to gain insight into fig
consumption’s effect on mineral and nutrient levels in the
body. In addition, we studied the effect of fig intake on
food displacement, or the replacement of foods normally
eaten with another food - figs, in this case.

Experimental methods

The present study is a crossover randomized controlled
trial conducted at the Loma Linda University School
of Public Health from September through December,
2008. Participants were recruited and randomly selected
from different communities in San Bernardino County,
California. The study began with 2 weeks of participant
screening, followed by the 10-week intervention. The
study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by
the Institutional Review Board of Loma Linda University.
Written informed consent was obtained from each partici-
pant. Information and flyers were posted at different local
venues such as churches, business establishments and
around the university campus. Demographic information
and medical history were obtained from all participants by
means of a self-reported health questionnaire.

Participants with a BMI of 18-5-35-0kg/m”® and no
cigarette smoking within the past year were included.
Exclusion criteria included: participants with a secondary
cause of hyperlipidaemia such as kidney or liver disease;
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untreated hypothyroidism; use of any lipid-lowering drug
within the past 2 months; type 1 diabetes or uncontrolled
type 2 diabetes (glycated Hb (HbAlc) >7%); TAG
concentration >300mg/dl; use of any treatment with
oestrogen or steroid therapy in the last 3 months; a stated
aversion to figs; consumption of certain dietary supple-
ments such as Metamucil and sterol/stanol margarine;
presence of chronic disease that may affect concentrations
of lipids or markers of inflammation, such as cancer within
the last 5 years; chronic rheumatological disease; chronic
severe depression; or any condition that would interfere
with the protocol such as drug abuse.

Initially, 102 adult males and females were randomly
assigned using computer-generated numbers to either a
figs-added diet or their usual diet for the first 5 weeks, and
then switched to the other condition for the second
5 weeks. In the figs-added diet, each participant was
consuming a pre-weighed, pre-packaged serving of 120 g
of dried California Mission figs (twelve to fifteen figs) as
part of their three meals per day diet for 5 weeks; the
figs were provided by the California Fig Advisory Board.
Participants were instructed to eat their regular diet but not
to consume any figs other than those provided by the
study. However, participants were allowed to replace
selected desserts and sweets with figs in order to maintain
their normal energy intake.

Participants attended a total of six visits at weeks 2, 4, 5,
7, 9 and 10 (three times in each phase and a crossover
visit in week 5) for researchers to collect vital signs,
anthropometric measurements, 24 h dietary recalls and a
short health questionnaire to note any changes in health or
use of medications. Participants were asked to make up
for any missed portions of figs by consuming them later
in the day with meals or as a snack. Daily compliance
with the assigned portions of figs was recorded on
a compliance form. Each participant who completed the
12-week study received a $US 25 gift certificate.

Dietary analyses

The 24h dietary recalls were performed six times at
scheduled intervals and has been described extensively
elsewhere®”. The recalls were performed by registered
dietitians and a trained graduate student by means of two
telephone interviews and one in-person interview in each
study phase. Two weekdays and one weekend were
randomly selected in each phase for each participant by
drawing from a box containing folded slips of paper with
the day (Sunday through Friday), or as soon as possible if
the interview was not possible on the drawn day. The
Nutrition Data System for Research (NDSR) software? was
used for the 24 h dietary recall. Vinson’s data”? were used
to evaluate changes in fibre intake during each phase.

Biochemical analyses
All participants had blood samples drawn five times during
the study, once at baseline and twice at the end of each
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phase separated by one week. Samples were drawn fol-
lowing an overnight fast between 06.30 and 09.00 hours;
then separated by centrifugation at 1500g and 4°C for
10 min, and aliquots of plasma and serum were stored at
—80°C until analyses. Tests for blood mineral concentra-
tions, total phenols and antioxidant activity were performed
at the nutrition laboratory at Loma Linda University.

Serum for analysis of Mg, K and Zn was wet-ashed with
nitric acid, dried, and concentrations of K, Zn and Mg were
measured by atomic absorption spectrophotometry in a
Shimadzu AA-6300 instrument (Kyoto, Japan) according to
the manufacturer’s directions. Serum Fe was measured
using the iron ferrozine reagent from Thermo Fisher
Scientific (Waltham, MA, USA). Total phenolic content
in plasma was measured by the Folin-Ciocalteau (FC)
reagent as modified by Serafini et al.*® to remove protein
interferences. Briefly, total phenolic concentrations of
plasma samples were determined after a procedure of
acid extraction, hydrolysis and protein precipitation with
metaphosphoric acid (0-75 mol/D. For hydrolysing the con-
jugated forms of polyphenols, hydrochloric acid was added
to the sample, followed by sodium hydroxide in methanol.
This step breaks the links of polyphenols with lipids and
provides a first extraction of polyphenols. The final extrac-
tion of polyphenols was accomplished by adding 1:1 (v/v)
solution of acetone and water. The results are expressed as
gallic acid equivalents (GAE) in millimoles per litre.

To measure the antioxidant capacity of plasma, the ferric-
reducing ability of plasma (FRAP) assay as described by
Benzie and Strain* was used. The underlying principle of
the assay is that at low pH, the ferric (Fe m) tripyridyltriazine
complex is reduced to the ferrous (Fe m) form and develops
an intense blue colour with an absorption maximum at
593 nm. Test conditions favour reduction of the complex,
and thereby colour development, provided that reductants
(antioxidants) are present. Absorbance changes are linear
over a range of concentrations of the antioxidant mixtures
found in plasma. The results are expressed as millmoles of
antioxidant power per litre.

Estimation of food displacement

We followed the calculation method explained before in a
previous publication from our group™®. For food i, H; is the
intake of a food during the usual diet; S; is the amount of fig
intake in the added-figs diet phase; 4, is the intake of that
food during the added-figs diet period. Since the fig sup-
plement was added to the habitual diet, the expected intake
of that food in the supplemented diet is H;+ S;. Displacement
of that food (D)) was estimated by subtracting the observed
intake of that food in the supplemented diet, A4; from
the expected intake of that food. Thus, D;=(H,;+S) - A,
Percentage displacement was calculated by D,/S;x 100.

Statistical analysis
The sample size calculation was explained in a previous
publication”. Briefly, based on the estimated average

https://doi.org/10.1017/51368980014001566 Published online by Cambridge University Press

1137

serum LDL-cholesterol at baseline of about 130 mg/dl,
a significant reduction of LDL-cholesterol would be
about 3-5%. With sp of 8% we estimated that to achieve
80 % power with a=0-05, eighty-four participants were
required. To allow for an attrition rate of up to 20 %, 100
participants were planned.

Following data entry of a random sample, comparisons
were made across groups at the end of each period
(Mann—Whitney test). A Wilcoxon signed-ranks test analysis
was used to compare changes in different minerals in blood
samples from the beginning and the end of each period. A
general linear model of repeated-measures ANOVA analysis
was done to determine if there was any change in any of the
four measurements. The statistical software package utilized
for analyses was SAS version 9-3.

Results

Participants

The characteristics of participants randomized to their
usual diet or to an added-figs diet at screening are shown
in Table 2.

Dietary and plasma minerals

During the added-figs phase, the intakes of Ca, Mg and K
were 130 mg, 52 mg and 580 mg higher, respectively, than
those in the usual diet (significant amounts). These results
were found when figs were used in diets alone or when
combined with supplements during the 24 h recall period
(P<0-05; Table 3). In addition, Table 3 shows that both Fe
and Cu were higher (P < 0-05) during the added-figs phase
than in the usual diet (Fe: 16:50 v. 15-16 mg; Cu: 1-98 v.
1-68 mg for ‘dietary”).

However, minerals reported by biochemical analyses of
blood samples were almost similar during the figs-added
and usual diet except for total phenols (FC), which was
significant in repeated-measure ANOVA when all four

Table 2 Baseline characteristics of participants completing the study;
American males and females (n 88), September-December 2008

Variable Mean or n SD or %
Age (yearsg 55-90 10-64
BMI (kg/m*) 26-34 374
Gender

Male 29 330

Female 59 67-0
BMI category

18-0-24-99 kg/m? 36 434

25.0-29-99 kg/m? 33 39-8

> 300 kg/m? 14 16:9
Race

White 35 417

Black 17 20-2

Hispanic 14 214

Asian 14 167

Continuous variables are presented as mean and standard deviation; cate-
gorical variables as frequency and percentage.
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Table 3 Changes in the intakes of selected minerals, assessed by three 24 h recalls for each diet period, among American males and

females (n 88), September—-December 2008

Added-figs diet Usual diet
Dietary Totalt Dietary Totalt
Variable Mean SD Mean SD Mean SD Mean SD P value for total P value for dietary
Ca (mg) 968-50 43815 1192.52 58096  831.89 46286 1044.33  587-40 0-04* <0-01*
Cu (mg) 1-89 0-70 230 1.07 1-68 0-71 2:04 1.00 0-09 0-03*
Fe (mg) 16-50 9-46 19-58 11-80 15-16 10-43 1843 12.76 0-16 0-04*
Mg (mg) 418-64 151.28 44605 169-21 36574 158-62 39245 175.78 0-01* <0-01*
P (mg) 110484 47178 111934 47312 1073-16 51727 108834 51824 042 043
K (mg) 3416-81 120394 342824 1213.70 2824.85 1233.63 2850-10 1238-79 <0-01* <0-01*
Se (ug) 88-49 44-81 9543 50-13 98-88 61-99 107-72 65-87 0-34 043
Na (mg) 228520 1081-57 2292.08 108666 2307-03 1041-19 2306-85 1045.95 1.00 0-92
Zn (mg) 9-06 4.54 1410 10-00 878 512 14.43 11.66 0-71 0-27

*P<0-05 indicates statistical significance.
1Total includes dietary and supplements.

Table 4 Blood concentrations of selected minerals, total phenols (FC) and ferric-reducing antioxidant capacity (FRAP) at the end of the
usual diet and the added-figs diet phases among American males and females (n 88), September—December 2008

Usual diett Added-figs diett
Mean SD Mean SD P valuet
Fe (umol/l) 266 13.0 29.4 17.4 0-362
Mg (mmol/l) 0-75 0-41 0-77 0-44 0-657
K (mmol/l) 4.33 110 4.28 0-97 0-094
Zn (umol/l) 16-38 4.27 15.97 4.27 0170
FC (GAE§ mmol/l) 1.36 0-33 1.34 0-31 0-040
FRAP (mmol/l) 0-14 0-09 0-14 0-12 0-396

tValues represent mean and standard deviation of two blood draws separated by 1 week.

1P value for repeated-measure ANOVA adjusted for BMI.
§Gallic acid equivalents.

measurements were included (P=0-04). FC was margin-
ally significant when the median of the figs-added phase
was compared with that of the usual diet phase (Table 4).

Food displacement

Estimates of the percentage of food displacement after a
5-week supplementation with figs are shown in Table 5.
The total fig intake during the added-figs diet phase is
presented in the fourth column of Table 5, which reflects
the mean values of the actual amount of figs consumed by
the participants.

On average, the fig supplement consumed by study
participants was 128 g. We followed the percentage food
displacement calculation method as explained elsewhere'”.
For example, 0% displacement means that the amount of
food i present in the added-figs diet phase is totally added to
the supplemented diet. An estimate of 100 % displacement
means that food 7 from figs replaced an equal amount of that
food in the supplemented diet by reducing the intake of food
i from foods other than figs. A value between 0 and 100 %,
therefore, indicates partial displacement and that a person
was eating more of that food. A value of more than 100 %
means that food 7 in the added-figs phase more than fully
displaced that food, and the overall supplemented diet now
contains less of this food due to eating figs. A negative
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percentage indicates that not only was there no displace-
ment but that non-fig foods in the supplemented diet
contained more of food 7 than in the usual diet period?.

Discussion

Our present results indicate that simply prescribing a daily
supplement of figs (128 g) can induce food modifications
to most individuals’ usual diet. The nutrient and mineral
profile of the fig-supplemented diet produced an overall
change in the habitual diet.

The current study confirmed these results and reported
higher Ca, K, Fe and Cu intakes during the fig-
supplemented phase.

However, blood samples did not show any superiority
of the fig-supplemented phase in any mineral. A number
of explanations for these results may be relevant. First, it is
possible that the 5-week trial period was not sufficient to
see any changes in blood. Second, the high fibre content
of figs could be a factor and the serving size may need to
be increased to see an effect. Lastly, we may need to use
different blood biomarkers to detect changes in blood.

The only significant variable in blood samples was FC,
which is the biochemical test for ‘total phenols’ (P =0-04).
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Table 5 Displacement of selected foods after following a 5-week supplementation with figs (mean values for three 24 h recalls for each food
period) among American males and females (n 88), September—December 2008

Diet Food displacement
Usual diet (g) Added-figs diet (g) Fig (9) Absolute (D) %t
Variable (H) (A) (S) S+H-A D/Sx 100 SE
Meat, fish and poultry 150 286 128 -9 -7 112
Milk, cream, cheese and related products 149 136 128 141 110 13
Fruits and fruit products 292 300 128 120 94 21
Dried fruit 10 48 128 91 71 2
Vegetables and vegetable products 305 299 128 134 105 15
Grain products 355 325 128 157 123 19
Soups, gravy and sauces 154 159 128 123 96 20
Desserts 36 30 128 133 104 7
Beverages 1621 1406 128 343 268 72
Supplements and drugs 0 0 128 128 100 0

H, the intake of a food during the usual diet; A, the intake of that food during the added-figs diet period; S, the amount of fig intake in the fig phase; D,

displacement of that food.
TMean of percentage differences.

1® These authors

This result is similar to Vinson et a
reported that dried fruits such as dried figs and plums have
higher-quality antioxidants. They considered figs as
in vivo antioxidants in man. However, we did not observe
Vinson et al’s study pattern with FRAP, which measures
the antioxidant capacity of plasma®. Those researchers
found that eating figs produces a significant increase in
antioxidant capacity that lasts for 4 h after consumption.
The reason for this difference could due to the different
method they used, which is based on ICsq (the con-
centration to inhibit the oxidation by 50%). The same
result was produced in the study of Solomon et al.*>, who
used the Trolox equivalent antioxidant capacity (TEAC)
test to measure total antioxidant capacity rather than FRAP.
That study showed that figs had the highest levels of
polyphenols and antioxidant capacity.

Our calculations of displacement estimates show that figs
displaced foods in the following order (from smallest to
greatest percentage displacement): soup/gravy/sauce, fruits
and dried fruits. However, it is difficult to compare these
results with other studies because to our knowledge the
present study is the first one to measure food displacement
patterns with figs. By focusing on fig consumption, it is
perhaps not surprising that most other food groups could be
displaced. The estimated displacement suggests that an
additional 4% of desserts, 5% of vegetables, 10 % of dairy
products, 23% of grain products and 168 % of beverages
from other sources were eliminated. Given that the intakes of
fibre and carbohydrate were greater in the fig-supplemented
diet period, it is possible that figs induced a specific
displacement pattern that reduced the intake of most food
groups, or increased the intake of complex carbohydrates
such as fruit products and dried fruits in the supplemented
diet. Our results also indicated that participants started to eat
more in the fig phase. However, we could not explain this
result. In addition, there is no study investigating the effect of
figs on food displacement with which to compare our results.
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The present study has several strengths, such as
the randomized controlled design and adequate power.
We used repeated 24 h recalls, which are increasingly
recommended to avoid the limitations of other methods
that require more effort on the part of the participant'*>.
However, a potential limitation is the inability to obtain
adequate blood samples from all participants who com-
pleted the study. To avoid seasonal changes, the study was
conducted within a short time period. Furthermore, the
participants were free living, which can potentially cause
threats to validity when assessing dietary intake, leading to
under-reporting and biased reporting of dietary intake™®.
In addition there was no washout period; however, due to
the short half-life of figs and study duration, it would be
difficult to notice a major effect when figs are added to
the diet. The study will help future studies in establishing
a baseline for the effects of figs on diet. Lastly, it may be
difficult to generalize these results to other populations, as
this population had a high fibre intake at baseline and was
health conscious and physically active.

Conclusion

Dried figs may have the potential to affect the levels of
Ca, Mg and K. These fruits are also available during the
year at any time and are a good source of fibre and several
minerals. However, further studies are needed to under-
stand the long-term effect of fig intake.
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