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A Systematic Review on the Health Effects of
Plums (Prunus domestica and Prunus salicina)

Ezinne O. Igwe* and Karen E. Charlton
School of Medicine, University of Wollongong, Northfields Avenue, Wollongong, New South Wales 2522, Australia

In recent times, plums have been described as foods with health-promoting properties. Research on the health
effects of plum continue to show promising results on its antiinflammatory, antioxidant and memory-
improving characteristics. The increased interest in plum research has been attributed to its high phenolic
content, mostly the anthocyanins, which are known to be natural antioxidants.

A systematic review of literature was carried out to summarize the available evidence on the impact of plums
(Prunus species; domestica and salicina) on disease risk factors and health outcomes.

A number of databases were searched according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines for relevant studies on plum health effects in vitro, animal studies and clinical trials.

A total of 73 relevant peer-reviewed journal articles were included in this review. The level of evidence re-
mains low. Of the 25 human studies, 6 were confirmatory studies of moderate quality, while 19 were exploratory.
Plums have been shown to possess antioxidant and antiallergic properties, and consumption is associated with
improved cognitive function, bone health parameters and cardiovascular risk factors. Most of the human trials
used the dried version of plums rather than fresh fruit, thus limiting translation to dietary messages of the
positioning of plums in a healthy diet.

Evidence on the health effect of plums has not been extensively studied, and the available evidence needs

further confirmation. Copyright © 2016 John Wiley & Sons, Ltd.
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INTRODUCTION

The plum is a drupe fruit which belongs to the subgenus
Prunus (Family Rosaceae). The subgenus can be differ-
entiated from other subgenera (peaches, cherries, etc.)
as the shoots have a terminal bud and unclustered single
side buds, the flowers combine in groups of one to five
on short stems, and the fruit have a crease running down
one side and a smooth seed. Between 19 and 40 differ-
ent species of plum exist. Of these, only 2, the hexaploid
European plum (Prunus domestica) and the diploid
Japanese plum (Prunus salicina and hybrids), are of
commercial significance across the globe (Topp et al.,
2012). The nutritional composition of the two species
is considered similar (Table 1).

The European plum is believed to have been discov-
ered about 2000years ago, with its origin somewhere
near the Caspian Sea. The fruit was introduced into
the USA in the 17th century by pilgrims, while the
Japanese plum has its origin in China but derived its
name from the country where it was mostly cultivated
and developed, Japan. The Japanese plum was intro-
duced into the USA in the late 19th century. Today,
the main producers of commercially grown plums are
the United States, Serbia, China and Romania. (UN
Food and Agriculture Organization, 2011).
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Prunes are the dried version of plums and are known
for their laxative effect, which is commonly attributed to
its high fibre content (Tinker et al., 1991). Earlier studies
attributed the laxative effect of prunes to the presence
of phenolics (chlorogenic acid) (Chok and Lang, 1961)
and sorbitol (Reele and Chodos, 1985) that are in the
fruit, together with its high fibre content (Stacewicz-
Sapuntzakis et al., 2001). In the USA, prunes are re-
ferred to as dried plums. This name change was effected
in a bid to promote prunes as a health food instead of
being associated with old age (Zasky, 2008). Prunes
are produced industrially by drying plums at 85-90°C
for 18h. This process is believed to have originated
thousands of years ago also near the Caspian Sea, the
same region where the European plums were discov-
ered. With migration and civilization, prunes spread
throughout Europe. Today, California, USA is the
leading producer of prunes (dried plums) worldwide
(Norton, 2009).

In classifying whole and natural foods based on their
unique nutritional composition, flavonoid content is
one of the most important methods of classification
(Stadlmayr et al., 2011). The high levels of phenolic com-
pounds, including flavonoids and particularly the sub-
class of anthocyanins observed in the plum, have
resulted in a dramatically increased interest in plum-
based research since the 1990s (Nakatani et al., 2000;
Walle et al., 2003). A number of health benefits have
been associated to the plum fruit and these include im-
proved bone health, cognition and memory, antioxidant
anti-inflammatory effects and easement of constipation.
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Table 1. Major nutritional composition of European (Prunus
domestica) and Japanese (Prunus salicina) plums, per 100g
weight (data from (USDA, 2014); data are a mix of Japanese
and European plums)

European plum (P. domestica) and
Japanese plums (P. salicina)

Fresh Dried Plum
Component plums prunes juice
Water/moisture (g) 87.23 30.92 84.02
Energy (kj) 192 1006 243
Carbohydrate (g) 11.42 63.88 15.15
Protein (g) 0.70 2.18 0.51
Fat (g) 0.28 0.38 0.02
Sugars, total 14.22
Glucose (g) 5.07 25.46 23.3°
Fructose (g) 3.07 12.45 11.8°
Sucrose (g) 1.57 0.15 3.7
Total dietary fibre 1.4 7.1 0.9
Minerals
Calcium (mg) 6 43 10
Iron (mg) 0.17 0.93 0.34
Magnesium (mg) 7 41 8
Phosphorus (mg) 16 69 15
Potassium (mg) 157 732 154
Sodium (mg) (0] 2 1
Zinc (mg) 0.10 0.44 0.1
Copper (mg) 0.057 0.281 0.054
Manganese (mg) 0.052 0.299 0.033
Fluoride (ng) 2.0 4.0 -
Vitamins
Ascorbic acid (C) (mg) 9.5 0.6 2.8
Thiamine (B4) (mg) 0.028 0.051 0.023
Riboflavin (B3) (mg) 0.026 0.186 0.059
Niacin (B3) (mg) 0.417 1.882 0.473
Pantothenic acid (Bs) (mg) 0.135 0.422 0.072
Pyridoxine (Bg) (mg) 0.029 0.205 0.027
Total Folate (ug) 5 4 3
Vitamin A, RAE (ug) 17 39 50
Vitamin E (mg) 0.26 0.43 0.18
Vitamin Ky (ng) 6.4 59.5 4.3
Carotenoids
Carotene, beta (ng) 190 394 554
Carotene, alpha (ng) 0 57 0
Cryptoxanthin, beta (ug) 35 93 102
Lutein + zeaxanthin (ng) 73 148 49
Phenolic compounds®
Total (mg) 111 184 121°
Neochlorogenic acid (mg) 81 131 198.5°
Chlorogenic acid (mg) 14.4 44 46.5°
Anthocyanins (mg) 7.6 - 0.172°
Catechins (mg) 5.4 -

Table adapted from (Stacewicz-Sapuntzakis, 2013) and (Netzel
etal., 2012)

?(Stacewicz-Sapuntzakis, 2013) (plum juice concentrate)
b(Mangels et al., 1993)

°(Shukitt-Hale et al., 2009)

“No available data.

These health-promoting properties have been attrib-
uted to the plum’s antioxidant capacity as a result of

Copyright © 2016 John Wiley & Sons, Ltd.

the high phenolic content (Yu et al., 2009a; Noratto
et al., 2009; Franklin et al., 2006; Pawlowski et al., 2014;
Shukitt-Hale et al., 2009).

These observed health effects have been reported
from studies that have used different research designs
(in vitro, animal studies and clinical studies) and have in-
vestigated both plums, and related products and extracts
(Stacewicz-Sapuntzakis, 2013).

The aim of this systematic literature review is to de-
termine the level of current evidence on the beneficial
health effects of plum and its associated products.

MATERIALS AND METHODS

A number of electronic databases were searched:
Scopus, Web of Science, Cochrane library, CINAHL,
MedLine and ScienceDirect up to June 2015 with a com-
bination of search terms, including plum or prunes or
Prunus domestica or Prunus salicina and health effects
used as keywords (see Appendix 1 for Medline search
strategy).
Inclusion criteria for journal articles include

1. Studies carried out in vitro, on animal and clinical
studies.

2. Studies that utilized the fresh, dried, juice version or
extracts of the plum species P. domestica or P.
salicina.

3. All studies assessing any health outcome associated
with plum consumption.

4. Studies reported in English. Only studies reported in
English were included due to language barrier, rea-
sons of time efficiency and cost of translation not be-
ing feasible.

Exclusion criteria for journal articles include

1. Studies on the quantification of the nutritional com-
position and antioxidant properties of plums.

2. Studies that utilize different species of plums, for
example, the Japanese apricot, also known as
Japanese plums in the Prunus mume specie.

3. Studies assessing properties related to plum cultiva-
tion, harvest and the commercial aspects of the plum
fruit.

Articles were assessed for peer-reviewed status using
Ulrich’s  Web  (available at:  http://ulrichsweb.
serialssolutions.com.ezproxy.uow.edu.au/). A  hand
search yielded one additional article, which was relevant
to this review.

For the clinical trials, all the relevant studies retrieved
were classified as either confirmatory or exploratory
studies. They were rated for their quality using relevant
criteria from the Delphi list, Cochrane Back Review
Group and the CONSORT Statement (Table 9), and
strength of evidence of study design assessed using the
Australian National Health and Medical Research
Council hierarchy levels of evidence with rankings from
level I-IV.

The National Health and Medical Research Council ev-
idence hierarchy has six levels according to type of
research question with systematic review of level 11 studies
classified as levels I, randomized controlled trials, classified
as level II. Studies ranging from a pseudorandomised

Phytother. Res. (2016)
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controlled trial to a comparative study without concurrent
controls classified as levels I1I-1 to I11-3 and case series with
either post-test or pre-test/post-test outcomes classified as
level IV (NHMRC, 2000).

RESULTS

A total of 73 studies were eligible for inclusion in this
review (Fig.1). Of these, 18 investigated bone health
(2 in vitro, 12 animal studies and 4 clinical trials), and
20 investigated its anticancer and antiinflammatory
properties (13 in vitro studies, 6 animal studies and 1 clin-
ical trial). Eleven studies reported on plums’ antioxidant
properties and their effect on cognition (2 in vitro

studies, 5 animal studies and 4 clinical trials) while nine
studies investigated the effect of plums on different com-
ponents of the metabolic syndrome (cholesterol, high
blood pressure and anti-thrombosis; 3 animal studies
and 6 clinical trials). For its commonly known laxative ef-
fect and satiety, 8 clinical studies were carried out. Five
studies examined its anti-allergic, anti-microbial and
immune-enhancing properties (2 in vitro studies and 3
animal studies), and 2 clinical studies examined its ef-
fects on liver function and risk factors for kidney stone
formation. Some of the findings reported from the
in vitro studies like improved bone health and anti-
inflammatory properties have also been confirmed in an-
imal and human studies. Tables 2-8 summarize the ex-
perimental and clinical studies, and Table 9 summarizes
the quality of the clinical studies included in this review.

R
Records identified through
a database searching: 3446
o
E Scopus (n=73) Additional records identified
’.E Web of Sci‘ence (n=1970) through hand searching (n=5)
3 Cochrane library (n=107)
= CINAHL (n=93)
MedLine (n=338)
_ ScienceDirect (n=865)
T
_?_=n v v
s
o Records screened: 3451
O
wv
Records excluded:
— |  Reason:relevance to review
g topic
P v n=3255
Articles assessed for eligibility
based on title: n= 196
Hand searched articles (n=5)
Animal studies (n=4). Clinical
E > studies (n=1)
2
H | | I | |
Scopus (n=14) Web of Science | Cochrane library | CINAHL (n=27) | MedLine (n=47) | ScienceDirect
In vitro (n=4) (n=61) (n=23) In vitro (n=4) In vitro (n=14) (n=19)
Animal studies In vitro (n=20) In vitro (n=0) Animal studies | Animal studies In vitro (n=6)
- (n=2) Animal studies Animal studies (n=11) (n=22) Animal studies
Clinical studies (n=27) (n=0) Clinical studies | Clinical studies (n=10)
(n=8) Clinical studies Clinical studies (n=12) (n=11) Clinical studies
(n=14) (n=23) (n=3)

A 4

A 4

Total number of studies

included: n=73
In vitro (n=19)

Animal studies (n=29)
Clinical studies (n=25)

Articles excluded: 123

Reasons:
Duplicates (n=107)

No full text articles (m
conference abstracts)

eeting /
n=10

Study that utilised a mixture of
fruits including prunes (n=2)

Figure 1. PRISMA flow diagram for study selection process.
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Studies on a different species of
plums e.g the Japanese apricot
also known as Japanese plums in
the prunus mume specie (n=4)

Phytother. Res. (2016)



E. O. IGWE AND K. CHARLTON

(sonunuo))

‘uoiieledas Je|noaqe.y Buisealosp

Ajaueoiyiubis a|iym SSO| WNIDjED Jequin| Yyunoy pue
Allsuap [eleulw 8U0Q Jequin| YLNoy pue Inway
1yb1 y10q BuisSIoA8] Ul BAI108418 1SOW SBM

wn|d paup 9%G*/ pue sapleyaoesobijooony

'sAep 09 Joj winid paup %G/

pue sapleyooesobij001oni} 9% G Yyiim pajuswalddns
auo Buipnjoul sjuawieall Alelalp 1UaIapIp

uo paoe|d uayy (dnoib suo ‘weyg) palesado-weys

10 (sdnoub | ) paziwo1081lBAO J8YlId pue

(z1L = u) sdnoub G| o1 paubisse sies Asjmeqg—anbeids

%G yum paluswalddns si1aiq alewsay pjo-yuow-¢ Aybia paipuny auQ (eanpsawop o) wnid paug VSN (0L0Z “*/e 18 1puewliy)
1oe41x8 wn|d yim paleall adjw sAep Qg Jo} 891w ueubaid ul J1a1em pa||isip
JO s8sN18}) Ul Xapul sisausboalso paseadu| ul (B/6 9°|) 10e41X8 WN|d JO UOIIRIISIUIWPE [BIQ  (BIIISBUIOP o) 10BIIXS WN|d uey| (€10 "*/e 18 149SUO|\|)
$9]9AD (sAep Q1) 1noysem pue (sAepQl)
UOIJUBAISLUI XIS 10} S1BJ POZIWO0108LBAO Ul (9%0Z (ea11S8LWOP o)
uoljualal WNIojed auog ul JuswaAoldw| 10 9% 6) 10e41X8 wWn|d Jo uonejuswsa|ddns Alelaig  10eJ1x8 Jspmod wnid paug vsn (71L0Z “*/e 18 DISMOo|med)
sasop Jaybiy Agq uonronpoud -4N1 91A00ydwA|
Jo uoissaiddns pue sajiadoud |eoluBYO8WOI] S>99M {7 10} 921W }NPE PAZIWO0IOBLBAO Ul (9%GZ
pue ain1onJls auoq Jo jJuawanoidw| 10 9% G| ‘9%G) wn|d paup jo uoneluswsa|ddns Aseraiq (eoanpsawop o) wnid paug vsn (Z10¢ "*/e 18 euipuay)
awin|oA syluow 9 10} 991w sjew (p|o) pabe pue 1npe ul (%Gg
auO0( Ul 8sealoul pue auo(g 1SO| JO UollelOl1SaY 10 9%G|) wn|d paup Jo uoneiuswsa|ddns Alelsiq (eanpsawop o) wnid paug vsn (0L0Z “*/e 18 ueio|jeH)
991W PazIW01991IBAO 91Uadoalso ‘}npe ul (9%Gg)
10984}0 d1j0gqeue yum uonuanaid sso| suog wn|d paup jo uoneluswsalddns Aielaip syeam ybig (eanpsawop o) wnid paug VSN (E10¢Z ""/e 19 euipuay)
$399M g | 10 {7 10} 991w 1 npe
9IN10NJ1S pue SSew suoq ul Juswanoiduw| ul (%Gg) wnid paup jo uoneluswslddns Aselsiq (eanpsawop o) wnid pauq vsn (A L0z “*/e 19 yuws)
sAep 0@ 10} s1eJ paziwo129pIy2.0 dluadoalso
Aw0108pIYoI0 01 8NP SSO| BUOQ JO UOISIaNSY ul (%Gg) wnid paup Jo uonelusws|ddns Alelsiq (eanpsawop o) wnid paug vsn (L00z “*/e 18 ng)
slel ojew sAep 0@ 10} s1el Paziwo12apIydIo Ul (9% GZ pue
1uaI01jap usboipue ul elUBd0831SO 4O UOIIUSABIY %G1l ‘%G) wn|d paup jo uoneluswsa|ddns Alelaiq (eanpsawop o) wn|d paug VSN (900¢Z “*/e 18 uipjueld)
sAep Ot 10}
s9sop ||le yum (Aususp S]eJ PazIWO0109BAO O1uadoalso ‘1 npe ul (9% Gz pue
auoq Buuolsal) Juswanoidwi Alljenb sauog %G1 ‘9%¢G) wn|d paup jo uoneluswsa|ddns Alelaiq (eanpsawop o) wnid paug vSn (G00¢ “*/e 19 wiyAaqQ)
Slel Paziwo1oaLeAO
uoissaiddns Jaaouiny auoq pue sasop Jaybiy 91uad091s0 ‘}Npe ul (9%GZ 10 %G| ‘%G)
oM1 AQ AlISuap |eJaulw 8UOQ JO UOI1RI0ISaY wn|d paup jo uollejuswa|ddns Aielaip s)}am XIS (eanpsawop o) wnid pauQ VSN (eyy10Z ‘'/e 19 yuws)
saIpnis [ewiuy
Buijjeubis siseuabolse|0091S0 Ul UOIONPal pue
‘uoissaldxa asepixo |AsA| Buiseasoul pue |-4D)| “(qu/Bu Q| 10 Q) P-4NL YlIM palenwiis Jaie| ¢
pue xualsQ ‘gxuny Buieinbai-dn Aq uonouny pue (qw/Br oz pue 0| ‘G ‘G’z ‘0) sjouaydAjod (ea11sawop o) wn|d paup
pue AliAIlOe 1Se|q0931S0 JO Judwanoidu| wn|d paup yum paleail-aid s||80 |J-€1EDIN  wouy paloesixa sjousaydAjod VSN (600Z “‘/e 182 ng)
jualuo9 jouaydAjod Aq A|qissod suoilpuod
$S911S 9AIIBPIXO pue Alolewwejul (eal1sawop snunid)
Japun sisauabolse|0091s0 JO uonIqIyu| s||90 abeydoioew auunw /92 MVH 10eJ41X9 wWn|d pauq vsn (800¢ “*/e 18 ng)
S8IpN1S 041 Uf
PaAIasqo S199443 +9OUBPIAD JO [9ADT] poylawy/a|dweg paiebiisanul 10npoid winjd  UO11RIOT ERIVETETEN]

yJ[eay duoq uo spnpoid pajenosse sy pue swnid Jo 99§59 Y} U0 PUIPIAT T IqEL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

(sonunuo)))

'POAIBSCO OS|e SeM UI1S0J8|0S WNJ8S

ul uononpal y 's|ans| ulleberodoslso pue puebi|
g’-4N 10 J01eAI}OR 101d8D8al Byl Os|e pue suids
pue eujn ayl 40 AlISuap |eJBUIW BUOQ Ul 8SEBIOU|

UOI1BWIO0} BUOQ 4O SBlel
pasealoul yim paleloosse aseleydsoyd auieye
o13109ds-8U0Q pue | -1010B) YIMOIB 831-ulinsul 40
S|9A8| WNJBS Ul 8sealoul Juediubis Ajjeonsiels

paniasqo (qg-asejeydsoyd

pIoe jue)sisal-aleilie] pue aseleydsoyd aujesje
o1}199ds-aU0Qq) SJ9dJBW JOAOUIN] BUOQ Ul S|9AJ|
winJas pasealoap Ylm auids pue eujn jo Alisuap
|eJaulw 8UOQ Ul 8sealoul Juedljiubis Ajjeonsiels

"AlIsuap |eJauiw auoq Jequin| Buiseaioul Ul 19949
pasunououd 1sow 8yl pey saplieyooesobijoolonuy
pue wn|d paup ‘uteloid A0S Ylim uolleUIqUOD U|

Asojesoldx3 ||

Asoiesoldx3 ||

Asorewyuo) ||

yim papinoad pue ajdde paup 10 wn|d paup jo
sdnoib omi Jo suo 01 paubisse Ajwopuel s10algng
*|eul pajjoJluod pasiwopuel :spoylaw/ubisap Apnig
*SSO| 9UOQ P|IW YUM UBWOM Q9| = U
‘uiebalodoalso pue

puebi| g'-4N J0 J01eA1l0e 101d8d8l JO S|9AS| WNISS Ul
painseaw wWs||0gelaw auoqg pue UI1S0J3|0S JO S|9A3|
Buize|nalio uo 1099448 ue sey wnd paup :sisayiodAH
‘syjluow ¢ :uoneing

‘Aep/6 00| :8soQ

paiels jou :lamod azis a|dwes

'pa199||09 sa|dwes auln

pue pooj|g ‘syiuow g o4 Ajiep (6 g7) aidde paup

10 (p/6 00 L) wn|d paup jo sdnoib juswieall o1
paubisse Ajuwopuel uswom |esnedouswsod “|ell
PaJ|043U0D paziwopuels :spoyldw/ubisep Apnig
uswom |esnedouswisod 8G = U

"JBA0UIN] BUOQ 4O SI9XJeW d2UdN|UI

Ajaaisod pjnom uswom |esnedouswisod o

s1aIp ay1 01 swn|d paup 40 uonippe :sisaylrodAHy
JeaA | uoneing

‘Aep/6 00 :@soQ

palels jou :lamod azis ajdwes

'pa199||09 sa|dwes

auun pue poolg ‘1eaA | 1o Ajiep (6 gz) aidde paup
10 (p/600 L) wnid paup jo sdnoib juswieall o1
paubisse Ajwopuel uswom |esnedousw1sod “|ell
paJ|0J3U0D paziwopuel :spoyldw/ubisap Apnig
uswom |esnedouswisod 21uadoalso 09| = U
‘uswom |esnedouswisod oluadoslso

ul $SO| du0q saslanal swn|d paup :sisaylodAH

"sAep 09 Joj wnid paup %G"/

pue sapleyo9esob1j0019ni) 9% G yim paluswajddns
auo Buipnjoul ‘syuawieall Alelalp 1uaiayp

uo paoe|d aiam sdnoub ay) ‘1e1jealay] ‘SsO| auoq
aonpul 01 sAep Gy 10} 181p paseq-ulased pasapmod
‘paiyund 1was e uo paoe|d uayl (dnoib suo ‘weys)
palesado-weys 10 (sdnoib aAl}) paziwoldalleAo

Jayue pue (dnoib/z| = u) sdnoib xis 0} paubisse siel
Asymeg—anbeidg ajewsay pjo-yiuow-g oMl AJusnag

(B211S9WOP o)

wnd pauqQ vsn (PLOT "/8 19 pueWYSOOH)

(B211S9WOP o)

wnid pauq vsn (c00z "/e 19 1puewly)

(eansawop o)
wnid paug (LLOZ “*/e 18 PUBWIYSOOH)

S|et] [ealulg

vsn

(earpsawop o)

wnid pau@  vsn (LLOZ */e 1o uosuyor)

PaAlasqo S108443

,90UBPIAD 4O [9ADT

poylawy/s|dwesg

palebiiseAul 1onpoid wnld  UOIIBOOT ELIVEIETEY

(ponunuo)) -z AqeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



E. O. IGWE AND K. CHARLTON

*salpnls Aloleuijuod 1o Alojesojdxe se
paljisse|o os|e pue (Bulles 1SeMo|) ApN1s |eUOI108S-SSOID IO SBLIaS ased e SI A| pue (Bulles 1saybiy) mainal o11ewa1sAsS e sI | a1aym AyoielalH 9ouapIAg JO S|aAaT (000Z ‘DHINHN) Buisn payues sjeul [eoiun)
‘wn|d paup ‘4 ‘Buluies souelsisal ‘1Y

'sa|geleAn ay}
10 Aue 10} panlasqo uoijoesalul swil-Ag-dnoib

syiuow 9 :uoneing
Aep 1ad wn|d paup 6 Qg :9soQ
palels jou :lamod azis a|dwes

'sdnoJb 1uswieail (4@ + 14)Z 40 (1Y)l Ol paynens

s108[qNng *|0J1U00—8seD spoylaw/ubisep Apnig
"SIOAIAINS JOOUED 1SB8Iq 8|BeWd) €7 = U

"SIOAIAINS J8DUeD 1sedlq

ul seale 9say} Ul syuswanoldwi 1sow 8yl Buiney
dnoib dg + 1Y 8yl Yum ‘siayiew uojewweul
JO S|9A8| pPasealdsp pue ‘siaiew uoidiosal

8U0(Q JO S|9A8| POSEIVBP ‘SI9XIEW UOIIBUIO}
au0( 4O S|9Ad| pasealoul |eanal pjnom sdnolb yioq
10} sasAjeue |eoIWBYDOI] BY1 1BYL pazisaylodAy
sem U ‘Ajjleuoiippy ‘ssew Apoq 1e} asealoap

pue yiBuails JeNosnw [e18]8ys ‘ssew Apogq ues|
asealou| "gINg (WwJiesloy pue Jnway ‘aulds Jequuny)
JeuoiBai pue |e1031 8Aoidwi pjnom wnjd paup pue
Bululel} aouelsIsal JO UOIIRUIGWOD B pue Buluiel}

(2211S8WOP )

Aue 1o sdnoib usamiaq aduaialjIp ON Aloresodx3 || 90uR1SISal YLIM UOIlUaAISIUIl Yluow-g :sisaylodAH wn|d paug VSN (10 “*/e 18 @d1ARUOWIS)
JeadA | :uoneing Aep sad wnid paup
600 :@s0Q paieis jou amod azis a|dwes
'@ uiwena (B1101) NI 00Y snided Bw 00G
pPaAIasSqo S199}43 «9OUBPIAD JO |9ADT] poylawy/a|dweg pajebisanul 1onpoid wnld  uonEI0T ERIVEVETE|

(ponunuo)) °Z AqeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

(sonunuo))

‘u1e104d BEIUAA JO S|OA8| UOISsaldxd
ule104d pue yYNYW aAlle|al Jo uollenbaidn
ue os|e pue s||89 9-03| 40 yimoub parowoud

‘swnjd wouy
pajoe.Ixa ‘unoad yum ‘(Jam/s|ied ;0L x 0°L
10 Alisuap |99 e 1e sale|d ||am-Q Ul painino)

(2211S8WOP )

S||90 g-00e) palellualallip paleall-ulldad S||90 g-00e) palellualallip JO uoneqnoul 10e41X8 Unoad wnig ueder (G10¢Z “*/e 18 epiysIN)
‘uoissaidxa |-}jNSH pauqiyul pue
uoissaidxa (Z-}INSH) g-oselejnsopua-0-9 SH
uewny paie|nbaidn unoad ‘os|y ‘uollelisiuiwpe
u1oad Buimo||o} SH JO sainionuls ‘swin|d wouy paloe1xa unioad ylim s||9o g-ooe) (eoipsawop o)
paleyd|ns ay1 ul sbueyd sNOIAQO ue sem alay | paileiiuaiayip ul a1e)ns ueleday Jo uollegNOU| 10e41X8 Unodad wnig ueder (710¢ “*/e 18 epiysiN)
‘wnid jo
10e11X8 |[ouaydAjod yum (s||90 192Ued U0|0D
"Jauuew luspuadep asop e ul saul| uewny | d7Q Pue S||9d J99ued JaAI| uewny (eoipsawop o)
1180 192Ued Y10Q U0 SaIlIAILOR BAIRIa4I|0IdIIUY Z5HdaH) sauj| |[90 192ULD 0OM] JO JUBWIIRdI ]| 10e11X8 |ouaydAjod wnid VSN (£00¢C "*/e 18 wry|)
sjouaydAjod wn|d paup jo sasop
esop | w 610001 1U8JaJJIp LM paleall pue uollewweiul 8onpul
pue 00| 9yl AQ Z-X0OD 40 uoissaidxa paonpul 01 apueyooesAjododi| Jo (uoissaidxa z-X0D
-apueyooesAjododi| ui uoilonpay (w 610001) 4O Juswainseaw Jof)  w Bu | Jo (uonronpoud (eo11S8WIOP )
Juswieall asop 1saybiy yum uononpoud ON J0 Juswainseaw Joj) 61 | Jayue yum 10B11X9
apAyap|elpuojew pue apiXo JULIN Ul uoilonpay S|199 /%92 MVY @beydoioew jo uone|nwing JjousydAjod winid pauq vsn (GLOZ “*/e 1@ puewysooH)
S||99 190Ued UO|0D Uo *S$||92 U0|0o uewNnyY O9¥INDN PuUe s||99 (eoipsawop o)
uol1eIlUaIa4Ip JO UOIIONPUI pUue UoIIgIYUl YIMOID J9oued uojod uewny g-o09e) ‘6Z1H ‘OLLLMS 10B11X9 WN|d vSsn (800¢ “*/e 18 ea7)
1Se[qouql) U0j0d uewNy |ewsou 0)g8L-gdD pue
S|[99 |ewJou aul| |90 BWOUIDIED YoBWOlS uewny ||| 0LV (eoipsawop o)
10U 1nq s||99 Jadued jo sisoldode [|80 JO uoioNpuU| ‘aul| ||99 BWOUIDIED UOJ0D UBWNY Z-09B) 10BJ1X9 dunid uedef (900¢ “*7e 12 1lng)
yimouB (|90 Jnowny Jo uonigiyul
pue sabeydoioew painynd Ag uononpoid QN pue sabeydoioew (euioles o)
uonesajijoid a1AooydwA| usas|ds Jo uoneNwing L LdH pue s||8o Jnownl g4y ‘usa|ds uaoiyn 10e11X9 WN|d vsn (6002 “*/e 18 997)
s|29 |eljayda 1seaiq 8yl (O L-4OIN
pue ‘aul| ||92 J99UBD 1Seaiq uewny annebau (eoipsawop snunid)
S||99 |ew.OU 8y} uo A101X01 paonpal Ajpueoiiubis uabou1s90 9yl ‘€GH-gIN-VAIN ‘oul| |99 19oued 10B11X9
pue uoljesajljoid ||90 JadueRD 1sealq JO uolIqIyu| 1sealq uewny aAllsod-usboulsao ayl (/-4JIN wn|d paysa|j-pas ainie|p vsn (6002 “*/e 18 011eION)
S|[99 Jadued
1sealq 1uspuadap-suowlioy / 4DIA pue s||8o
Bl N3] ZEGN S||99 BWOUIDIRD |BOIAIDD (euroljes snunid)
sisoidode [|90 snoJaoued uewny eaH ‘s||92 1aoued oulseb ||| ole)| (ad1)
J0 uononpul ‘st 1eyl ‘34| Agq uomiqiyul yimoub 18 ‘s||90 gHdoH ewouloied Jejnjj@ooleday uewny 10e41X9 wn|d ainjeww| 2010 (e600C ‘18 18 NA)
saIpnis 04)IA Uf
paAIasqo s108)43 »90UBpIAS poylawy/a|dwes paiebisaAul 10npoid wn|d  uoI1RI07] ERIVENETEY|
10 [9AeT]

sponpoad pajenosse sy pue sumid jo saniadoid L1ojewuig[juIpue pUE SNOIIIUELI-HUE ) U0 DUIPIAY € I[qeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



E. O. IGWE AND K. CHARLTON

(senunuo))

S|aA9| |0Ja1sa|oyo
JAH pue sapuadA|bul ‘esoon|b poojq ul uononpay
'$109}49 AJojewwejjul-lue pue osiuabodipenuy

*suonoely sapueyooesAjod sunud Aq

SY99M | | 10} wnyiqi pe siel 19)onz 8sago o1
Ja1em Bupjuup ul 82inf wnjd jo uoileISIUIWPY
"(63/6w 01

pue ¢) uonoeusy saunid wouy sepueyooesAjod
Buipnjoul sjuawieal [eJ0 1UaJ8LLIP INOY

lalje "y'd |oueyls Jo uonesisiuiwpe ouisebeiul

(euroyjes o)

aoinf wnid vsn (G1L0¢C "'/e 19 oneloN)

(B211S8WIO0P o)

eale UOIs9| oLIseb Jo uoniqiyul pue uoionpay Buisn sies ul 199)n oulseb a1noe Jo Juswadnpu|  saunid wou) sapleyIoeSA|od lizeag (¥10g “/e 19 sa|bunp-nue))
ase|eled pue aseinwsip A1101x01 JaAI| paonpul auaiAd(n)ozuaq
apixoladns ‘asepixoiad auoiyiein|b jo Alaizoe ayl UYlMm 9ojw djew ul SAep G 104 auljes
Bulonpai pue uolssaldxa |y LdAD 4O uononpul paJajyng aleydsoyd ul panjossip (Aep/mq (euroles o)
ay1 Buniqiyur Aq Aoeoiyje annnuanaidowasy) 65/6 G 10 G'Z) 3d| 40 uonoalul |eauolsadesiu| 3d| 10eJ1xs wn|d ainjewuw| ©010Y| (8007 “*/e 18 wy|)
saIpnis |ewiuy
‘PAAISSqO OS|e SeM
s[|99 gHdaH ul auab dIA|L 2yl Jo Ajzuapuadapul
auab g-dIAIIN @Yl 40 AlAnoe jeuoidiiosuely
ay} Jo uoissaiddns ybnouyl uonaioss g-dININ
paonpul-yIAld 8yl uo 19948 Alolqiyul Buosls y ‘10e41X0 wWn|d
*PaAIasqo s||90 gHdaH paonpul-y|Ald (91e190e-¢ | ainjeww| YlIM S||90 ewouIdIeD Jejnjjaooleday (euroijes o)
a1e1siAw-z | jogsoyd) ul Aliedoud aanesbiwnuy uewny godaH paonpul-y|Ad 10 uollegnou| 10e41X8 WN|d ainlewwW| ©910)| (46007 ‘18 18 n))
*10e41X9 Wn|d
JO uoI1eIUaDUO0D BulAien yum paleqnoul (S[|90
JooueDd 1seaiq uewny juspuadapul-auowioy
LE€Z-9IN-VAIN Pue ‘s||99 190ued 1seaiq uewny
1uapuadep-suowlioy / 4JIA ‘S||90 elwaeyng|
uewny /€GN ‘S||@9 BWOUIDIED [BDIAISD
"10e41X8 wn|d ainjewuw uewny e[ ‘s||99 ewouloled sulseb uewny (euroies o)
oyl Ag paijelpaw s||99 | £Z-9IN-VAIN Ul paalasqo L Ll OlB) pue s||99 ewouldled Jejnjjaooleday 10eJ1X8 Win|d ainlew
sisoldode pue paAIasqo $199449 JI1X0101AD uewny g9 daH) saui| J9oUED ||90 uBWNY XIS pue ainjew-piw ‘ainiewuw| ©010Y| (L00Z “"/e 18 np)
‘U ¢ 104 s1oedixe wnid jo
suol1e1usou0d BulAlen o1 pasodxa yQ L-4DIN
*PaAlasqo yQ L-4DIA 1sulebe Alanoe ou o aul| 1sealq SN0J22UBRD-UOU BUO pue saul| [|90
Jlews pue /-4)|A 1suiebe AliAiloe seam ‘Ge-gIN 199UeD 1seaiq /-4D|IN 1uspuadap usboiisao (eo11s8WOP o)
-VAIN Isuiebe 19948 21x0303A0 Juspuadap-asoq ‘GEH-9IN-VAIN uapuadapul usboiisap 10e41x9 |[ouaydAjod wn|d VSN (710 "*/e 18 o1ozzip)
‘SUl Gl 104 DL€ 1B
a1e199e-¢ | -91R1SAW-Z | -joqioyd Jo aouasauid 10
‘AlIAIlOE 9sepixo aouasqe ay1 ul a1e|d 8in1Nd aNnssil Wo110g-1e|)
aulyiuex Buronpal Aq sjeaipes uolue apixoladns lom-9g e (eo211S8WOP o)
JO uononpoud 8y} 40 uonqgiyu| ‘sa1Ao0dna| ul pajeqnoul pue uoisuadsns |90 |eauolliad 01 10B11X9
|eauolliad O uoisaype ayl ul uollonpay pappe apueyooesAjod o130ad wnid Jo Jw GO0 apueyooesAjod onoad wnid eissny (710Z "*/e 18 nodod)
paAIasqo S1998}43 +9oUdpINS poylaw/a|dwes paiebisaAul 10nposd win|d  UOI1LD0T 9oualajoy
10 |9A97

(ponunuo)) ¢ dlqeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

*saipnls Alojeuiyuo9 1o Alolesojdxas se

paiisse|o osje pue (Buiiel 1s8M0|) ApN1s [BUOIIDBS-SSOID IO SBIISS 8SBD B S| A| pue (Buiiel 1saybiy) mainal 011eWSISAS e sI | 81aym AyoieiaiH 89UBPIAT 4O S|9A8T (000Z ‘DHINHN) Buisn payuel sjeu [eaiul)d ,

uoneluawsa|ddns aunid Buimoj|o} ones
LIHOPYL - LIHOTZ @y} ul 86ueyd Juesyiubis
AJ|BDI13SI1R1S OU 1INQ PaAIdsqo |LJHOP9 | pue

‘Syjuow g :uolneing
Aep 1ad wnid paup 6001 :8soQ

paleis jou :lamod azis a|dwes

‘(pouad uolluanlalul) s8|9AD [eniisusw

994y} Jayloue 1o} saunid yum siebns ajdwis
Alelalp paoe|dal siuedioiped ‘(porad ul-uni
]0J1U0D) S8]9AD [BNIISUBW

994y} 10} S}alp |enliqey BulwNsuod 18y
*Apnis 18A0sS019 :spoylaw/ubisap Apnig
uswom |esnedouswalid Ayyesy g = U

‘awll

1ISueJ] [BUILSO]UI 9SBAIJSP pUE SdlkWeUUld pue
21q1} 8|gN|OSUl pue 8|gn|os Y10g JO 82IN0S Yo
e aie saunid asnedaq suabollss Jo wsijogelaw

(ea11SaWop o)

LIHOZ 0 uonaioxa Juspuadapul 8yl ul aseasoaq Aloleso|dx3y z-|| oY1 Ja1je Aew ayelul sunud :sisaylodAH wn|d pauQ VSN (200zZ ‘‘/e 19 seyeied-wisey|)
[el3 [ed1ulg
*SYlUuOW G 10} 921w 1ualdlyep-3
utajoidodijode ul |0181S9|0YD pue (%G 6 (eoipsawop o)
papadw sisola|osoiayie jo juawdojanag 10 G/ '{) wn|d paup jo uolneluswal|ddns Aielaiq wn|d pauQg VSN (6002 ‘Jayejen pue Jaye|en)
(AlLIAI1OE JuepIXOllUB PASBaIOUl pue SallIAIloe $)99M alow @ 10}
ase|AxoipAyap-n/ pue asepluoinan|Bb-g oluojoo uonejuswa|ddns Aielalp pue sueylswAxoze jo
ul uoI1oNpal ‘UoI1BIIUSOUO0D SpIok 3|Iq Alepuodas (11ede 3oam | ) sesop 0M] JO uollelisiuiwpe Ag
pue |e101 [edae]) Ul UoIONpal) sisauabouloled pamojjo} sAep Q| 10} Slel JRISIN\ d|eW Ul (%G'6 (eonpsawop o)
UOJ0D YlIM pPal1RIDOSSE S1010B) dSI JO UOIIqgIyu| 10 G/ ') wnid paup jo uoneluaws|ddns Alelaiq wn|d pauq vSsn (G00Z “18ye|en) pue Buea)
sAep z
104 ?\mv_ Bw 00z 10 0G1 ‘0O0L) 1oeJIxa wn|d
JO UOIleJISIUIWPE J91JE S1eJ Oulq|e JeISIAA Ul (eoipsawop o)
AliAIlOe OlUBb0IBD|N-11UE pUR JuepIXOluY uonebi| ouojAd Ag Jeoin onndad Jo Juswaonpu| 10B11X9 WN|d elpu| (Z10Z “*1e 18 eaysiN)
panlasqo s1998)43 »90UBpING poylawy/a|dwes paiebisaAul 10npoid wn|d UOI1RI07] ERIVENETEY|
O [ana7

(ponunuo)) ¢ 9[qeL,

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



E. O. IGWE AND K. CHARLTON

(sonunuo))

(Yovyo)

so|dwes poo|q pue saoin[ 1sa1 pa} syuedioied
pue pa129||0o a|dwes poo|q Bunnseq ‘Apnis
J9A0-SS04D paziwopuel :spoylaw/ubisep Apnig
*S1991UN|OA Aylleay 9 = U

'SS911S 9AI1epIXo |eipuesdisod

1uanaid o1 Asessaoau siuepixoiiue Alelaip

10 S9lewi}sa apinoid pue sniels juepixolue

(2211S8WOP )

Anoede) aoueqiosqy |edipey uabAxQ se OAIA Ul J9}je 01 |eilualod S}l Ssasse 01 pasn aoInl
painseaw Ajoeded juepixoijue (-7) oijiydodi) aq Aew aoin[ wn|d jo uonndwnsuod Buimoj|o} wn|d paup
10 (-H) 91iydouipAy ewse|d uo 198440 ON Alojesoldx3 || Aypoeded juepixoniue ul sabueyod :sisaylodAy /wnid paug vSn (£00Z "*/e 18 1oud)
s|el} |ediul|p
‘043iA Ul proe olusboiolyo
AQ ssai1s aAllepIXo woly sa1Aoo|nuelb 'sa1Aoo|nuelb poojq ealjsawop
10 uonoeloid pue (10848 aI|-011AjoIXuR) |esayduiad uo 198))8 1UBPIXOIlUER pue 9dIW 01 o wouy pioe
sinoiAeyaq palejal Alaixue ul asealdoaq (65/6w Qg) pioe o1uabolo|yo Jo uonessIuIWpY oluabouolyn aouel4 (L00z “*/e 18 paAenog)
suoneipes-ewweb
A Q| o1 ainsodxa Apoq ajoym 1sod/aid
Buiuies) |eneds sAep G| 1o} 901w 01 Jo1eM PJ[|IISIP Ul 10BIIXD (eoipsawop o) (€102
panoidwi pue sailljigeded Juepixonuy wn|d 4o asop wnwildo JO UOoI1BJISIUIWLPY 10e11X9 WN|d elpu| ‘eIposIS pue ewJeys)
AlIAILISUSS ulNsul syluow z 1oy sies onagelp (euroljes
ul Juswaoldwi pue AllAlILOE JuepIXOllue paonpul-u10010zo1dalls/apiweuiloolu ul (9%z) snuniq) Japmod
‘aouewloiad aA1LIUBOD Ul Juswanoidw| Japmod win|d paup jo uoljelusws|ddns Aselsiq wn|d paug uemie| (€102 “*/e 10 Bui]-oey|)
1s91 sAep 7 10} Aep e @ouo
aoueplone anissed ayl Aq passasse 991w 901w ajew 01 abeAaeb |eio Aq uonesisiuiwpe (eoipsawop o)
ul Alowsw pue Buluies| ul JuswaAoidw| (6>/6w QG ‘001 ‘G/) S1oe4IXd Wn|d 10B11X9 WN|d uey| (€102 “*/e 18 1piyeys)
s)}9aMm g 104 (g dnoub)
(%¢) 19pmod wn|d paup yum uoneiuswa|ddns
Alejalp Jo (| dnoio) (%00L) a2inl (ea/158WOP o)
aze|\ Jo1BA\ SLUOIA wn|d pue Jalem JO ainiXiw e Jo uoidwnsuod Japmod wn|d (6002
AqQ passasse uoilouny aAlIUB0 panoidw Jayie yum sieus pabe jo sdnosb om paup/aoinl wnig vSsn e ]8 aleH-1bNys)
saIpnis |ewiuy
(eoipsawop o)
*S1991uNn|oA Ayljeay wol) Paloa||0d 10e11X8 90IN[
*uollepIxo g7 40 uoiqgiyu| poo|q wouy pasedaid ewse|d wou} 7Q] UBWNH aunid/aunud vSn (8661 "/ 18 ueaouo()
‘uolle|NwNooe SOY Je|njj@oesiul 's91A00|nuelb poojq |esayduiad ul pajenjens
wol} sa1Aoo|nuelb Buinuanaid Aq ssauls $S811S 9AI1EPIXO 1sulebe uoijoalold pue (B211S8WIOP )
9AIIBPIXO PadNpuUl-cQCH wouy sajAoonuelb SaI1IAIl0 [eDIpeJIIuUe J18y | “paljiluenb pue wnid swn|d
poo|q Jo uonoaloid pue AlIAIlOE 1UBPIXONUY 10 sal19LeA USASS WoJ) paloel1xa soljousydAjod woJj soljouayd aouel4 (6002 “*/e 18 paAenog)
SaIpN1s O/l uf
PaAIasqo S199443 90UBpING poylawy/a|dweg paiebiisanul uoes07] ERIIEYETEN]
JO [aA07] 1onpoud wnid

syonpoid pajenosse sy pue sunpd jo uonugod uo 13x39 pue A)1adoid Juepixopue Y WO AUIPIAT “p dqEL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

(senunuo))

(s-91INB) uluolejawAxoieyns-9
Ateuun pue Anoedeo juepixoijue
ul 8sealoul Juediiubls Ajjeonsiels Aiojeso|dx3 Al

9ouaosalon|y
uleosaion|jolo|yolp Ag painsesw ewse|d
uewny ul AlIAI30e juepixoljue panoidw Aiojeso|dx3 Al

'sAep g :uoneing

‘Allep (yoea 6Gg L) 6 0eg suonlod g :8soq
paileis 1ou :iamod az|s a|dweg

*(Aesse-1sod) spiemualje Aep |

pue (Aesse) swn|d jo uoizsabul 1se| ay) ayje
Aep a1eipawwil 8y} ‘(sanjeA |eseq) juawieall
910}J8Q Pa199||09 a1aMm sauun Buiuiow pIoA
-1s414 ‘sAep G 10j 118ssap Jauulp syl se 6 Ge |
pue 18ssap youn| ayy se 6 gg| :suoinod

01 01Ul papIAlp Aep Jad spaas 1noyum swnid

6 06€ 40 uonndwnsuo) :spoylaw,/ubisap Apnig

*(dnoub

19p|o pue pabe a|ppiw ‘BunoA 1ad 9) gL = u
‘sjenplalpul Ajieple

pue pabe-a|ppiw ‘BunoA ui (8qojH uoswl)
"AD "|pul eurdijes o) swnid asaueder

UHM paydiua s1alp YHM paleldosse 109448
luepixolnue a|gissod e s| aiay) :sisaylodAH
(pouad 1noysem Aep | yum) Aep | :uoneing
qw QG| 40 asop d|buls e :8s0(Q

paileis 1ou :iamod azis a|dweg
uondwnsuod Jaye Ul gL pPue 06 ‘09 ‘0€
‘0 1e pa109||0o sejdwes poolg "8ainl wn|d
J0 qW QG| 40 @sop d|buls Jo uonndwnsuo)
*Apnis 18A0-ss010 :spoylaw/ubisap Apnig
‘usw Ayyeay Q| = u

‘ewse|d uewny

ul pajessuab gOY abuaness pnod

s991n[ N4} jo uondwnsuo) :sisaylodAH
(pouad

1NOYSEM S)89M Z U}IM) SY83M g :uolieing
lolem JwiGglg ul papualq B L g1) swnid
paup 1o soinf wnid paup Jo qw G g :8s0Q
paileis 1ou :iamod azis a|dweg
*uoidwnsuod

9aInf 1sod y 4 pue g ‘| e pa}da||0d

(euroles o)
wn|d

(euraijes o)
aoIn[ wn|d

uledg

29103

(LLoT
‘*Je 18 $810|4-Z8|RZUOD))

(500¢ “/e 19 o))

paAlasqo s108443 90UBPIND
J0 |one

poylaw/s|dweg

paiebiisanul
1onpoud wn|d

uoneosoT]

90Ualiajay

(penunuoDd) -y AQuL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



E. O. IGWE AND K. CHARLTON

sa10ads usbAxo anlloeal ‘gOY ‘uteloidodi| Alsuap-mo| ‘a7

(ssens
BAIIBPIXO 10} 19JBWOI]) UOI18I0XD
apAyap|eipuojew ul 8sealdap pue

“Jw Q01 40 asop 8|buls :8s0Qq

paiels jou amod azis a|dweg

‘aseyd 1noysem yaam-| e Aq

paleledas abeianaq |0J1U0D dalj-JUBpPIXOIIUE
ue se Ja}em Jo Jw Q01 10 821N wn|d
18ulen) usanp 0 Jw OOt 40 uondwnsuo)
*Apnis 18A0ss049 :spoylaw/ubisap Apnig
s109[gns sjew Ayyesy gz = u

'ssalls

9AI1BPIXO 10} J93Jewolq e ‘apAyapjelpuojew
JO UoI1eIIUSOU0D 8y} pue Ajloeded
luepixolnue Aleuun ayy uo uonsabul aoine
win|d 18ulen usanp YHM palelooSse 10948

(euoijes o)

Ajoeded juepixoijue Aleuun ul asealou| Alojeso|dx3 Al luepixolue a|qissod e s| a1ay} :sisaylodAH aoIn[ wnid ejelisny (Z10Z "/e 19 |9739N)
PaAIaSqO S108443 ELIVETINY] poylawy/s|dweg palebiisanul uoneoso] ERIVEIETEN]
JO |oane7 1onpoud wnid

(ponunuo)) - AqeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

(senunuo)))

‘syiuow g 1e paonpal Ajpueoiiubis Ajjeonsiels
seM |04a1sajoyo |e1ol ‘dnoub ajdde paup ay3 104 ‘panIasqo
s|o191s8|0y2 dluaboiayle Jo s|aAa| wnuas Bunalje ul sdnolb

(P/B00L)
wn|d paup 1o (6 /) ajdde paup jo sdnoib
juawieal} o} paubisse Ajwopuel s108lgng

"Apnis |0J1U09—ased spoylaw/ubisap Apnig
uawom |esnedouswisod 09| = U

uswom |esnedouswisod ul Joyew

SS911S 9AIIBPIXO JO S[9A8| S9SBaID9P pue
‘s|ang| uieloid aAI10BaI-)) SI9MO]| ‘sollel ySi
oluabouayie seonpai ‘sajiyoid pidi| senoidwi

(ea1)saWOp o)

1UBWI1eaI] U9DM1A( 80UaIa4Ip 1uedlubIS Ajleolisiiels oN Asojesoldx3 | Algeinoney ajdde jo ayeiul Jenbai :sisaylodAy swn|d pauQ vSn (zLOzZ ""/e 18 1ey))
'S$)}99M g :uoleing
(p/B OO ~) seunud g | :8soQ
pailels jou uamod azis a|dwes
‘Juswa|ddns aunud e 10 (|0J1u02 D) Juswa|ddns
]041u09-99In[ adeib e jo uonndwnsuod
Jayye yum Buinels ‘aouanbas 181p e paubisse
Alwopuel s108[gng "syeam , Buiise| yoes
‘spoliad 181p |eluswiiadxa oml ojul Hjds pouad
S)99M g *ApNi1s 18A0SS01D spoylaw/ubisap Apnig
‘elwa|0Ja1sajoyotadAy
pliw yum usw Buinl 881y L = U
*21q1} 40 1094}8 BulldMO| |0181S8]|0YD
‘uondwnsuod aunud yum Jaybiy Ajppueoiiubls oyl uiejdxa djay Aew yoiym ‘aiqly 40 924N0S e Se
Ajleonsiels atam siyblam Aip pue 1om |eosey saunud jo uollsabul ayl 01 asuodsal Ul pasealoul
yr1oq pue uondwnsuod sunid yum 1amo| Ajpueoyiubis S| UOI1810Xd pIde 3|Iq B3k} (q) *(7/]0191S8|0YD
Ajjeolisilels os|e sem pioe 91|0Yyd0yll| JO *du0d pIoe 8|iq joww G*/—¢"G) elwajoialsajoyoiadAy alesspow
|eoaey ‘|011U09 8y} ueyl pouad aunid a8y} 181je paonpal 0} pP|IW YUM udw Ul [0131s8|oy9d ewse|d Jamoj (ea1)sawiop o)
Ajppueoiiubis Ajjeolisiiels sem |0491ss|oyd Q1 ewse|ld AJorewyuod || ued aiql} Jo 92In0s e se saunid (e) :sisaylodAH swn|d pauqg VSN (Le6 L ‘e 18 1adjul])
S|eu [edlulg
'PaAISSqO sem spidi| |10} J8AI| Ul UOIIONPal ‘sAep Gt 104 s1eld
OS|e pue uoI1eJUd2U0D |0181S8|0Yyd JQH Bulosije Inoyum As|meg—anbeidg ajewsay pjo ABp-0g (XAO)
asealoul siyl paluanaid 1a1p aunid 9, Gz ‘Awoloaleno paziwoloaueno g4 ul wnjd paup yum (wnid (ea1)sawiop o)
Aqg 1noge 1ybnoiq |0181S9|0YD |B10} WNIBS PAIRAS|D YUAA paup 9%Gg 10 %Gq) uoneiluawsa|ddns Atelaiq swnid paug vSn (000Z "*/e 19 sean7)
S9SOp Y10g AQ uleiq 8yl Ul UoneIIudduod (gy) syjuow G 1o}
piojAwe-¢ pue |0191S8|0YyDd pPasealdoul 8yl SUOIIPUOD 99lW Ul 181p |0481s8j0Yyd ybiy Ul (9%G 10 %7Z) (euroyes snunid)
aAlleIsusbapoinau Jo swoldwAs awos 4O UoIleIolaWY Jspmod wn|d jo uoneiusws|ddns Aselsiq Japmod wnig uemie| (G1L0Z “*/e 19 ony|)
S)98M G 10} silel anlsusladAy
Ajsnoauejuods auoid-a3041s Ul (9%GZ) (e211s8WOP SNUNIH)
ainssaid pooj|q (o1103sAs) ybiy jo uoissaiddng 10e41X9 aunud jo uonelusawa|ddns Alelaig 10BIIXd Bunid ueder  (£00g ‘‘/e 19 1ysibaN)
SaIpNis |ewiuy
UOISN|OUOD/PAAISSQO S108443 «9oUdPINS poylawy/s|dwesg palebiisaaul 1onpoud wn|d uo1lEI07 ERIVEIETEN]
10 |9A97

JuwoIpuAs dijoqejdu Jo spuduodurod JUIIRFIP Ay} uo spnpoid pajenosse sy pue sumpd Jo 193JJ9 Y} WO PUIPIAT °S d[qEL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



E. O. IGWE AND K. CHARLTON

(sonunuo))

-ewse|d ul uoizonpal pue awil Buillolo unsejdoqwouys [eiied
paleAlloe ul esealou| ‘sia|ale|d palenuelb-ap paleAlloe Jo
uoissaidxa ui109|as-d Jayiew-aoens Juapuadap

-uolleAlloe 1ajale|d ul UoIlONpPal SeM a1ay] "ploe dluoplyoele
pue uabe|joo ‘a1eydsoydip suisouspe Aq paonpul uoijebaibbe
19191e|d palgiyul uoneyuawa|ddns a2IN wn|d 18ulern) usanpD

*saunud JO S108440 9AI1109104d Je|NOSeAOIpIeD S101paid elep ay|
1@ pue |0181s8|oyd wnias paonpal Ajpuediiubls pey sdnoib
1593 seasaym dnoub |0Ju0D 8y} 4O JQH WNISS Ul 8sealoul ue

sem 819y  ‘ainssaid poojq 21101sAs isn[ ul uoizonpas e Buimoys
saunud Jo asop a|gnop ayl Yim s|oJi1uod syl pue dnoib

Asojesoldx3 |

Ajiep saunud jo asop a|buis Aq ainssaid poojq jo uoizonpay AJolewsipuod ||

‘Juswabeuew sso| 1yBiom pue sd11ogeIp 104 PAPUBWIWOIBI 8q
ued pue xapul dIWadA|B MO| 819 S1INJY Pa1sal Jaylo Buowe
saunlid ‘1N peo| o1wadA|6 mo| sem saunud jo azis Bulaieg

Asojesoldx3 ||

Butonpai pue swil Buiriold buibuojoud (z)
‘sAemyied uoneanoe 1s9|aie|d snouea Buiiqiyul
/Bunjoo|q ybnouyy uoneannoe pue uoiebaibbe
19|91e|d Buionpai () Ag uoizouny oijelsowaey
ulejulew pue sisauaboquwoiy} pale|al

-uoneAlloe 1ajoie|d aleloljowe Aew aoInf wnid
18uIen usanp Yoau-uiueAsoyiue :sisaylodAH
*$)99M g :uoljeing

"191eM }O sse|B-|011u0)

‘wb gz-g dnoin "wb g | |-y dnoib :asoQ

‘pajels jou :iamod azis sjdwes

'S399M g pue () 1e uadel alam sajdwes poojq
pue ‘Ajpybiulio) paplooas sem ainssaid poolg
*dnoub |041u02-)) 10 8sop s|qnop-g ‘asop s|buls-y
J0 sdnoub aaiy) o1 paubisse Ajwopuel siuailed
*|eu} pajjoJluod pasiwopuel :spoylaw/ubisap Apnig
(BHWW 8—08 = dg dlloiselp ‘BHWW EL—0Z L = d9
o1|01sAs) s1uaned anlsualiadAy-aid gGg = U
'S1S019|0s048Y1e JO uonluanaid 10 ainssaid poo|q ul
sobueyo 1noge Bulig 01 SI19PIOSIP JBINOSBAOIPIED
ul |ngasn si saunud o asn :sisaylodAH

‘Bunisey ybiuiano iayje

SUOISBOD0 JUBI84IIP — Palels Jou :uolleinqg
B6ey | 8soq

%G6 domod ozis a|dweg

‘uondwnsuo9 Jalje sulw Oz L pue 06 ‘09°'Gy ‘0
‘Gl ‘O 1e painseaw asoon|b poo|q pue Ssiinij
1yB1d Jo auo o1 paubisse Ajwopuel ANE\mv_
GZ—0Z :Xapul ssew Apoqg yym iybram jew.ou
‘8¢—0¢ pabe usaw BunoA ‘Ayyjesy) s1oalgns
1y613 *Apnis 1aA0SS010 :spoylaw/ubisap Apnig
g=u

*$so| 1yBlam pue sol1agelp 104 9|gepuswIodal
pue xapul 21wWadA|B mo| aie (seuelns

paJ pue ‘sadelb paas-ou usp|ob ‘saliagan|q
‘soluayo ‘saunud ‘sjooude ysaly ‘sojdde

usalb ‘sa|dde qejoD) suniy g :sisaylodAH

1eaA | :uoneing

Aep/6 00| :9soQ

%G6 :1omod azis a|dweg

(euoyes o)

aoIn[ wind  eljessny

(B211S9WIOP )
saunig

saunid

ueispyed

uel|

(egL0¢
‘*Je ]9 Jewnyeyiues)

(e0L0T “/e 18 pawyy)

(600z "/ 19 1yBeyy)

UOISN|OU0D/PAAIBSO S10844]

»80UBPIND
JO |9A®7

poylaw/s|dweg

palebiisaaul 1onpoid wn|d

uoneosoT

20ualia}ay

(ponunuo)) g AqeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

(senunuo))

‘POAISSUO OS|e 9JOM SS8I1S SAIIRPIXO

1NOYLIM pue ylm yloq sialaweled uolieinbeos

UO S109)J8 9|qeINOAR] ‘SSBI1S dAI1EPIXO

Japun pue 1NOYLM Y104 uoissaldxa ullos|as-d
Juepuadap-uolleailoe 1a|ale|d paonpal

SBM 819U} ‘0S| SS8J1S 9AIlepIXO Japun uoljebaibbe
paonpul-ploe 21uopIydele JO UoILgIYul ‘SSaIlS SAIIRPIXO
paonpul 8s1019Xa Japun pue 1NoYyliM yioq uoliebaibbe
19|91e|d paonpul-aleydsoydip auisouspe Jo uonigiyu]

"SS911S 9AI1BPIXO JO
J93Jewolq ewseld e ‘sjaaa| spAyapleipuojew pue uabouuquy

‘6¢ Aep pue | Aep uo |eipueid

-a1d Y g | —8 1se9| 1e pue a1els Bunsey

1B pa129||00 a19Mm sajdwes pooj|g Avadega
11941 JO 9%(Q/ 1B Y | 10} 1IN0 9S1919Xd

peoj| 1uelsuod Agq paonpul sem ssalls
aAllepIX( "0gade|d |eIpJOD pale|nwIo)
painojoo pue painoAel} e-g 1o a2inf wn|d
18uien) usanD-y 4o sdnoub Juaws|ddns

oM} 01 paubisse Ajwopuels s1991un|on
AyljeaH ‘|eul 1an0sso1o ogaoe|d ‘pullq
a|qnop ‘paziwopuel :spoylaw/ubisap Apnig
gL=u

'a|1404d pidi] pue sialaweled uoize|nbeos Buliaye
Ajgeinoaey (9) pue ‘uolleAlloe 10} 9|qisuodsal
s101da2a1 aoeyins Bupoo|q Aq uonenuelb
-ap pue uolealoe-iadAy 19|91e|d Buionpal
(q) “(L-XOD—L-8seuabAxoo0|oAD :ploe
oluopiyoeie pue Lggn/IADD uabe|od | Azd
/21 ATd-daV :e1eydsoydip suisouape)
sAemuyied uoiiealiloe 1ajoie|d jualapp
Bunabiel Ajsnoaueynwis Aq uonebaibbe
19|91e(d JO UOILgIYyUl (B) BIA S108))8
o110quiolyl-iue edwi Aew a9Inf winid
18uien usanp you-uiueAsoyiue :sisaylodAy
‘pouad

1NOYSEM S)99M Z YlIM SAep gg :uolneinq
*20In[ yoea jo Aep/qw 00z :9sod

‘pajels jou :iamod azis a|dwes

'pa199||09 sajdwes suun Bullse) weails
-piw pue |eipueid-aid y g 1se9| 1 pa1d9||0d
alam sa|dwes poo|g ‘ogade|d payolew
1Nn0|09-) o 99Inf sunid-g ‘eoIn[ wn|d
1auien) usanD-y 4o sdnoib Jusws|ddns
991yl 01 paubisse Ajwopuel S1991UNjoA
AyljesH |eu Jan0ss00 ogaoe|d ‘pullg
a|qnop ‘paziwopuel :spoylaw/ubisap Apnig
Lg=u

‘uonewwelul

pue ajijoid pidl] UO S108}40 9|qeINOAR)
Buiiqiyxa (g) pue ‘uoileiluaduod uabounqly

Alojesoldx3 ||

(eusolies o)
2oIn win|4  eleisny

(ag1L0z
*Je ]9 Jewnyeylues)

UOISN|OU0D/PaAIBSCO S108443

90UBPINS poylswy/ajdwes

ICREY R

pealebiiseAul 10npoid wn|d  UOIEDOT

90uUaliajay

(ponupuo)) g alqeL

Phytother. Res. (2016)

Copyright © 2016 John Wiley & Sons, Ltd.



E. O. IGWE AND K. CHARLTON

The quality of the clinical studies included is, at best,
of moderate quality. There were 6 confirmatory studies
of moderate quality (1 on bone health, 2 on different
components of metabolic syndrome, and 3 on satiety
and laxative effect) and 19 exploratory studies. Evi-
dence on the health effect of plums has not been exten-
sively studied, and the available evidence needs further
confirmation.

BONE HEALTH

Based on results from 18 studies (2 in vitro, 12 animal
studies and 4 clinical trials) reported in this review,
promising evidence exists on the effect of plum on bone
health. This body of evidence has mostly been in agree-
ment and also confirmed in human trials. Bu ez al. (2008)
in their in vitro study involving two groups investigated
the effect of dried plum polyphenols on osteoclastogen-
esis in which one group was stimulated with lipopolysac-
charide (LPS) to induce inflammation and the other
group stimulated with hydrogen peroxide (H,O,) to
induce lipid peroxidation. It was observed that the
LPS-stimulated sample produced NO (nitric oxide)
detectable at 8 h, which further increased at 16 h, while
the H,O, stimulated cells did not produce NO. This in-
crease in NO associated with LPS was downregulated
by different doses (10, 20, 30 pg/mL) of plum polyphe-
nol at both 8h and 16h. The authors concluded
that dried plum polyphenols directly inhibit osteoclasto-
genesis, which leads to reduced osteoclast activity by
downregulation of Nuclear factor of activated T-cells,
cytoplasmic 1 (NFATcl) and inflammatory mediators.

The results from this in vitro experiment by Bu et al.
(2008) has also been confirmed in animal studies
(Deyhim et al., 2005; Franklin et al., 2006; Bu et al.,
2007; Smith et al., 2014a). Among these, the study by
Smith et al. (2014a) is slightly different in that unlike
the other studies that studied longer term effects of
dried plum on systemic biochemical markers of bone
metabolism and alteration in gene expression as the
main outcome measure, their main objective was to un-
derstand the mechanism of action by which dried plum
altered bone metabolism. Regulators of osteoblast and
osteoclast differentiation and osteoblast activity were
studied over a period of 6 weeks. Compared with the an-
abolic therapy using parathyroid hormone that signifi-
cantly increased systemic and local indicators of bone
formation with no effect on systemic marker of bone re-
sorption, dried plum supplementation suppressed bone
turnover with no effect on the indices of bone formation
at the endocortical surface. In another study by the
same research team, dried plum supplementation ini-
tially suppressed cancellous bone turnover but demon-
strated a biphasic response over time, exerting positive
effects on bone mass and bone structure (Smith et al.,
2014b). Plum extract has also been shown to be effective
in increasing bone calcium retention by 20%
(Pawlowski et al., 2014).

Rendina et al. (2013) compared the dried plum with
other dried fruits (apple, apricot, grape and mango)
and observed that only the dried plum had an anabolic
effect on trabecular bone in the vertebra and prevented
bone loss in the tibia. This demonstrates a potentially
unique effect of plum that was absent in the other fruits

Effects observed/conclusion

Level of
evidence*

Sample/method

Duration: 28 days with 2 weeks washout

Dose: 200 mL/day of each juice.
period.

Sample size power: not stated.

Location Plum product investigated
*Clinical trials ranked using (NHMRC, 2000) Levels of Evidence Hierarchy where | is a systematic review (highest rating) and IV is a case series or cross-sectional study (lowest rating) and also classified

as exploratory or confirmatory studies.

LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Table 5. (Continued)

Reference

Copyright © 2016 John Wiley & Sons, Ltd. Phytother. Res. (2016)
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studied. This anabolic effect of dried plum supplementa-
tion has also been observed by others (Halloran et al.,
2010) in animal models. Prevention of age-associated
bone loss was evident because of this anabolic effect,
while bone volume increased and already lost bone
was restored.

Investigating further, Monsefi et al. (2013) observed
the effect of plum extract on bone parameters in the off-
spring of pregnant mice as well as in non-pregnant mice.
Plum extract was orally administered to the sample pop-
ulation, and results showed that in the non-pregnant
mice, there was an increase in the femoral and tibial
lengths and serum calcium content, while the foetuses
and new-borns of the pregnant mice had higher osteo-
genesis index, which was calculated by dividing the ossi-
fied length by the total length of each bone.

Ovarian hormone deficiency, which is evident in post-
menopausal women, is a known major risk factor for os-
teoporosis (Baron, 1993). For this reason, effect of plum
consumption on bone health in human trials has been
carried out mostly on postmenopausal women. A die-
tary supplementation trial compared the effects of con-
sumption of dried plum (100 g) with dried apple (75 g)
for 3 months on markers of bone turnover in postmeno-
pausal women (Arjmandi et al., 2002). The difference in
the amount of dried plum and dried apple compared
was related to comparable quantities of energy, carbo-
hydrates, fat and fibre, obtainable from 100g of dried
plum. Baseline and post-treatment values of serum and
urinary biochemical markers of bone status showed that
only dried plums significantly increased serum levels of
insulin-like growth factor-1 and bone-specific alkaline
phosphatase activity.

A similar longer-term randomized controlled study
compared the effects of dried plum and dried apple
on osteopenic postmenopausal women for 1year
(Hooshmand et al., 2011). In addition to similar results
of Arjmandi et al. (2002), the authors observed that
dried plum significantly increased bone mineral density
of the ulna and spine.

In a slightly different study, Simonavice et al. (2014)
examined the effects of resistance training and dried
plum consumption on strength, body composition,
blood markers of bone and inflammation in breast can-
cer survivors. They observed that even though the
breast cancer survivors increased upper and lower body
strength, no improvements were observed in their body
composition and bone mineral density.

ANTIOXIDANT AND ANTIINFLAMMATORY
ACTIVITY

The antioxidant property of plums has mostly been at-
tributed to its high phenolic content (Ko et al., 2005;
Lea et al., 2008). Research on this health effect has
mostly been carried out with the ripe plum fruit or its
products. Yu et al. (2009a) on the other hand studied
the antioxidant effect of immature plum extract (IPE)
on selected cancer cells in vitro. The authors observed
that even though the IPE was effective in inhibiting
growth of the cancer cells (human hepatocellular carci-
noma HepG?2 cells, Kato III gastric cancer cells, HeLa
human cervical carcinoma cells, U937 leukaemia cells

Copyright © 2016 John Wiley & Sons, Ltd.

and MCF 7 hormone-dependent breast cancer cells),
this inhibitory effect was not observed in the hormone-
dependent breast cancer cells, and as the fruit ripened,
there was a reduction in its inhibitory effect. In a similar
study, Noratto et al. (2009) aimed to identify the pheno-
lic fraction responsible for the potential chemopreven-
tive and/or chemotherapeutic action in plum. They
observed that all extract fractions were effective in
exerting antioxidant effect on studied cancer cell lines
with the flavonols and procyanidins more effective than
the phenolic acids and anthocyanins. This result was
also confirmed by Lea et al. (2008) who, in addition,
observed that the synergic effect of the total phenolic
content of the plum extract significantly increased its an-
tioxidant activity.

Investigating this antioxidant effect on human colon
cancer cells, Fujii ef al. (2006) and Lea et al. (2008), in
similar studies with prune and plum extract, respec-
tively, observed that the extracts did not reduce the via-
ble cell number of the human normal colon fibroblast
cells while inducing apoptosis of cancer cells. Noratto
et al. (2009), among other studies, also observed similar
results in their study with breast cancer cell lines.

These results have also been confirmed in animal
studies. Kim et al. (2008) observed that IPE inhibited
the growth of hepatoma HepG2 cells and had a protec-
tive effect against benzo(a)pyrene induced liver toxicity
by decreasing serum aminotransferase and hepatic con-
tents of lipid peroxide. In addition to studying the anti-
oxidant capabilities in animal studies, Mishra et al.
(2012) also observed an anti-ulcer effect after feeding
Wistar albino rats for 7days with 100, 150 or 200 mg
kg ! of plum extract and inducing peptic ulcer by pylo-
ric ligation. Gastric ulcerative index was estimated,
which showed that the group pre-treated with plum
extract had a significantly reduced gastric volume and
a significantly lower ulcerative index. This anti-ulcer
effect was also observed by (Cantu-Jungles et al., 2014)
in which acute gastric ulcer was induced by administra-
tion of ethanol P.A. after different oral treatments,
including prune polysaccharides, which showed a reduc-
tion and inhibition of the gastric lesion area. Yang and
Gallaher (2005) further investigated the effect of plum
on colon cancer risk factors whereby they observed that
even though dietary supplementation with dried plum
showed no inhibitory effect on aberrant crypt foci for-
mation at the initiation stage of cancer and early pro-
gression, it was able to inhibit several risk factors
associated with colon carcinogenesis. These include
reduction in faecal total and secondary bile acid
concentration, decrease in colonic B-glucuronidase and
7o-dehydroxylase activities and increased antioxidant
activities.

Contrary to observing similar results with in vitro and
animal studies, results from human trials have not been
in agreement. A study that investigated the plasma anti-
oxidant capacity changes after a meal observed that con-
sumption of a meal containing dried plum or dried plum
juice did not alter plasma antioxidant capacity (hydro-
philic and lipophilic ORACEy) (Prior et al., 2007). This
result was contradicted by the findings of Ko et al.
(2005) that demonstrated that nine different fruit juices,
including plum juice, exhibited significant antioxidant
effects in human plasma within 30 mins of consumption
by suppressing reactive oxygen species generation. Sim-
ilarly, Gonzélez-Flores et al. (2011) confirmed the
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antioxidant capability of plums in young, middle-aged
and elderly adults. After consumption of 195¢g of plum
twice a day for 5days, there was a significant increase
from baseline in urinary 6-sulfatoxymelatonin (an anti-
oxidant) and total antioxidant capacity levels measured
by colorimetric assay. Similarly, Netzel et al. (2012) ob-
served that following consumption of the Queen Garnet
plum juice, there was a threefold increase in hippuric
acid excretion (a potential biomarker for total polyphe-
nols intake and metabolite), an increase in urinary anti-
oxidant capacity and a reduction in malondialdehyde
excretion, which is a biomarker for oxidative stress.

COGNITIVE IMPROVEMENT

Cognitive improvement associated with consumption of
plum has not been extensively studied in humans. Most
of the available evidence is from animal studies. This
effect on cognition has mainly been attributed to the an-
tioxidant property of plums as a result its high polyphe-
nolic content. In a study in which four groups of mice
were fed a high-cholesterol diet, with either 2% or 5%
plum powder supplementation, a significant difference
was observed in the time taken to complete the Morris
water maze task between the group fed just the high-
cholesterol diet and the control group, as well as the
5% and 2% plum powder supplementation group
(Kuo et al., 2015). In a similar study but slightly contra-
dictory results, Shukitt-Hale et al. (2009) compared the
effects of 100% plum juice and 2% dried plum powder
supplementation to modify age-related deficits in cogni-
tive function in aged rats. It was observed that there was
an improvement in cognition with the plum juice, but
not with the dried plum powder.

Using plum extract, Shahidi et al. (2013) supple-
mented the diets of three groups of mice with different
doses (75, 100, 150 mg/kg). There was a statistically sig-
nificant difference in the number of trials to acquisition
in the passive avoidance test that evaluates learning
and memory between the control group and the plum
extract treated groups. The retention test also showed
that the treated groups had increased step through
latency in the retention in comparison with the control
group. These results are in line with similar studies
(Sharma and Sisodia, 2013; Kao-Ting et al., 2013) that
demonstrate a beneficial health effect of plum on
cognition.

Bouayed et al. (2007) examined the effect of
chlorogenic acid from plums on anxiety-related behav-
iours in mice using the light/dark test, the elevated plus
maze and the free exploratory test. Results showed a
decrease in anxiety-related behaviours (anxiolytic-like ef-
fect) and protection of granulocytes from oxidative stress.

Plum consumption protected against oxidative stress
induced by radiation with special attention to spatial
learning. Sharma and Sisodia (2013) observed that plum
possesses prophylactic ability against radiation-induced
metabolic disorders and also improved spatial learning.
Exposed mice that had received plum performed better
by taking less time to reach the coloured platform in the
circular water tank apparatus (proxy for spatial learning
and memory). Similarly, Kao-Ting et al. (2013) studied
the effect of plum consumption for 2months on
cognitive performance and expression of cerebral

Copyright © 2016 John Wiley & Sons, Ltd.

neurodegeneration-related protein in streptozotocin-
induced diabetic rats. Cognitive performance, assessed
using the Morris water maze, showed that the plum sup-
plemented diet had a significant beneficial effect on spa-
tial memory and learning. There was also a significant
reduction in expression of cerebral beta-amyloid, which
is evident in Alzheimer’s disease. Significant decreases
in hyperglycaemia, insulin resistance and oxidative
stress in the sample of rats were also observed.

CARDIOVASCULAR DISEASE RISK FACTORS

Insulin resistance, a major risk factor for metabolic syn-
drome and selected cancers, presents a major public
health concern (Tsugane and Inoue, 2010). Studying
the beneficial health effects of plums on cardiovascular
disease risk factors, Noratto et al. (2015) compared the
effect of plum juice with peach juice and a placebo
group, which received the same amount of sugar in
either peach or plum juice in obese Zucker rats. Their
results showed that the plum juice group had the lowest
weight gain and also that plum polyphenols exerted the
highest anti-adipogenic and antiinflammatory effects in
fat tissues. This provides evidence of the reduction of
mRNA levels of peroxisome proliferator-activated
receptor associated with plum intake.

Negishi ez al. (2007) studied the effect of prune extract
on blood pressure elevation in stroke-prone spontane-
ously hypertensive rats for 5 weeks. They observed that
prune extract supplementation in diet suppressed the el-
evation of systolic blood pressure but not diastolic blood
pressure. A study by Gallaher and Gallaher (2009) on
apoE-deficient mice, known to be susceptible to rapid
development of atherosclerotic lesions when fed choles-
terol, investigated the ability of dried plum supplemen-
tation to reduce atherosclerosis. The percentage
arterial tree atherosclerotic lesion area was significantly
lower in groups fed the dried plum supplemented diet
(4.75%), either with or without cholesterol, compared
with the group fed cholesterol without dried plum
supplementation.

In human trials, results have been inconclusive. Chai
et al. (2012) studied the effect of daily dried plum con-
sumption in comparison with dried apple on cardiovas-
cular disease risk factors in postmenopausal women
over a l-year period. Results showed that serum total
cholesterol levels were significantly lower in the dried
apple group in comparison with the dried plum group
only at 6 months. There was also a cholesterol-lowering
effect for serum total and low-density lipoprotein cho-
lesterol at 12months, but this was not significant.
Neither dried apple nor dried plum had a significant
effect on the serum levels of atherogenic cholesterol.
Contrary to this observation, Tinker et al. (1991) ob-
served that in adult men with mild hypercholesterol-
emia, supplementation with prunes significantly
lowered plasma low-density lipoprotein cholesterol
compared with a grape juice control group. A signifi-
cantly lower faecal bile acid concentration of lithocholic
acid was also reported.

Regarding the effect of prunes on high blood pres-
sure, Ahmed et al. (2010a) conducted a study with three
groups of pre-hypertensive patients who were random-
ized to receive on a daily basis, either a single dose of

Phytother. Res. (2016)



HEALTH EFFECTS OF PLUMS (Prunus domestica AND Prunus salicina)

prunes (11.5g), a double dose (23 g) or a glass of water
(control) for 8 weeks. Participants who received either
the single dose or a glass of water on empty stomach
in the morning showed significant reduction in both sys-
tolic and diastolic blood pressure, while the double dose
was associated with only a reduction in systolic blood
pressure. The control (water) group also had significant
increase in serum high-density lipoprotein that was not
seen by prune-treated groups

Plum juice supplementation with the novel-bred Queen
Garnet plum that has higher anthocyanin concentrations
than the usual variant (Santhakumar er al., 2015a) ob-
served an inhibition of platelet aggregation induced by
adenosine diphosphate, collagen and arachidonic acid.

LAXATIVE EFFECT

Studies have also been carried out on the commonly
known laxative effect of prunes, which has been attrib-
uted to its high fibre content. Piirainen et al. (2007)
studied the effect of prunes on individuals with mild gas-
trointestinal symptoms. This study observed that con-
sumption of prune juice reduced the occurrence of
difficulty in defecation. Similarly, consumption of a daily
portion of plum juice before a meal in adults with chronic
constipation softened the stool, provided immediate re-
lief and participants showed more preference to prune
juice than apple juice (Cheskin et al., 2009). Similar re-
sults were also observed with dried plum in patients with
mild to moderate constipation by Attaluri et al. (2011) in
which the effect was attributed to a synergistic effect pro-
vided by sorbitol, dietary fibre and polyphenols.

ANTI-ALLERGY AND ANTIMICROBIAL
PROPERTY

On the anti-allergy capability of plum, Karasawa et al.
(2012) carried out a study with prune extract diet sup-
plementation and injection of mite allergen for 3 weeks.
It was observed that with the prune extract supplemen-
tation, number of sneezing events, total and mite
allergen-specific immunoglobulin E levels were signifi-
cantly lower even though they were unable to identify
any anti-allergic components in the prune extract.
Studying the antibacterial property of plums, Yageen
et al. (2013) observed that when tested on five different
gram-positive bacteria, ethanol extracts of prunes exhib-
ited an antibacterial property. This antibacterial prop-
erty was also observed by (Cevallos-Casals et al., 2006)

OTHER EFFECTS

Other reported beneficial health effects of plum include
its effect on liver function in healthy individuals. In a
clinical trial, Ahmed et al. (2010b) observed a significant
reduction in serum alanine transaminase and serum al-
kaline phosphatase (clinical biomarkers of liver health)
with no changes observed in serum aspartate transami-
nase and bilirubin.

Copyright © 2016 John Wiley & Sons, Ltd.

KeBler et al. (2002) studied the effect of plum juice on
urinary stone risk factors and observed that plum juice
had no significant effect on urinary composition. How-
ever, a study that utilized the Australian Queen Garnet
plum reported an increase in urinary antioxidant capac-
ity (Netzel et al., 2012).

Farajian et al. (2010) studied the short-term effect of
prunes included as snacks prior to a meal on energy in-
take and satiety in normal-weight individuals. This
study demonstrated that a preload of prunes in com-
parison with a bread product before a meal resulted
in lower energy intake at later meals, including lunch
and the desert (910Kcal+233 on prunes day vs
971 Kcal+£249 on bread product day. P value 0.010)
as well as increased satiety at all time points tested
between the snack and meal. Similar studies have also
observed similar results (Furchner-Evanson et al., 2010;
Howarth et al., 2010)

DISCUSSION

This systematic literature review identified 73 peer-
reviewed journal articles on the health effects of plum
and its associated products. Despite an increase in
plum-based research that has emerged over the past de-
cade, the level of evidence remains low. Of 25 clinical
studies, nine studies included randomization to a plum
supplementation group, but only one of these studies
adequately described the method of randomization
and blinding. Nonetheless, results from some of the
study outcomes are consistent. Considering bone health
as the main study outcome, the polyphenols present in
the plum appear to be responsible for the benefits.
However, Hooshmand and Arjmandi (2009) suggested
that even though dried plum polyphenols have some
bone modulating properties, the synergistic effect of
these polyphenols, together with potassium and vitamin
K, is required to produce potent effects on bone mass
and microarchitecture and to reverse ovariectomy-
induced bone loss in mature animals. Regardless,
compared with other dried fruits (apple, apricot, grape
and mango), only the dried plum exhibited an anabolic
effect on trabecular bone in the vertebra and prevented
bone loss (Rendina et al., 2013).

Some of the findings from the in vitro studies have
been confirmed in animal studies but remain to be
confirmed in human clinical trials. Most of the available
human trials used the dried version of plums rather than
fresh fruit, thus limiting translation to dietary messages
of the positioning of plums in a healthy diet. The drying
process significantly decreases anthocyanin and flavonol
content of plums (Piga et al., 2003). The effect of other
processing methods on the antioxidant properties of
plums has been studied by Valero et al. (2012).
Blanching decreased the tannins and antiradical effi-
ciency of the fruits but increased the total polyphenol
content, while osmotic dehydration had no effect on
the total polyphenol and ferric reducing power. Fresh
plums also have a higher free radical scavenging capac-
ity (superoxide and peroxy radicals) and antioxidant ac-
tivity than dried plums (Morabbi Najafabad and Jamei,
2014). Regardless, prunes are known to contain higher
levels of phenolic compounds than most fruits and also
possess higher radical scavenging activity, even possibly
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the highest in dried fruit and vegetable products present
in human diet (Shahidi, 2012). Further studies are re-
quired to compare the health effects of fresh plum, plum
juice and dried plum in human trials.

Extraction methodology is also an important factor in
plum-based research as different solvents have shown
some disparity in extracts. Estimating the antioxidant
capacity of the whole plum fruit, Dhingra et al. (2014)
observed that in extracting the bioactive compound in
plum, the ethyl acetate and butanol fraction showed
the most antioxidant potential in comparison with the
hexane and aqueous fraction.

Evidence included in this systematic review was gath-
ered from studies that differed in a number of ways, in-
cluding population studied, study design, outcome
measures and methods of randomization. This limits
comparison between studies. Limitations related to dif-
ferent study designs are particularly evident in the
animal studies that show inconsistent results. For exam-
ple, Kuo et al. (2015) observed significant outcomes on
cognition using the Morris water maze task on mice
fed a high-cholesterol diet with 2% dried plum supple-
mentation. Conversely, Shukitt-Hale et al. (2009)
showed that plum juice, but not a dried plum powder
(2% concentration), was effective in alleviating cogni-
tive deficits in aged rats. This may possibly be explained
by a difference in the dosage of nutrients provided in
the two studies, or the food matrix, or both
(Wesche-Ebeling et al., 1996) but remains to be
elucidated in dose-response studies.

There have been no reports on the side effects associ-
ated with daily consumption of plum and its associated
products. Studies have shown that consumption of dried
plum over a long period has no significant effect on the
levels of insulin and glucose or bowel function
(Hooshmand et al., 2013; Lucas et al., 2004). Regardless,
plums are known to contain considerable levels of oxa-
lates, which occur naturally and may increase the risk
of kidney stone formation (Ruan et al.,2013). High levels
of oxalate in the body inhibit the absorption of calcium,
thereby resulting in precipitation of calcium, which can
result in stone formation in the kidney and bladder
(Massey, 2003; Weaver et al., 1987). KeBler et al. (2002)
observed that plum consumption had no significant ef-
fect on the risk factors associated with kidney stone de-
velopment. These potential side effects have not been
reported with usual plum consumption; however, it is im-
portant to identify the upper level of safe intake.

The increased interest in plum-based research has
been attributed to the fruit’s high levels of polyphenols
and more recently its anthocyanin (a sub-class of flavo-
noids) content. Anthocyanins are water-soluble plant
pigments that are particularly conspicuous in fruits and
flower tissues where they are responsible for the diverse
range of red, blue and purple colours. Anthocyanins
are one of the most versatile subclasses of flavonoids
that are known to protect chloroplasts from
photodegradation by absorbing high-energy quanta,
while scavenging free radicals and reactive oxygen spe-
cies. The key characteristic that differentiates anthocya-
nin glycosides from other subclasses of flavonoid
glycosides is their ability to be absorbed after oral inges-
tion, although to a limited extent. In nature, about 17
different anthocyanins have been discovered, but only
six (cyanidin, delphinidin, petunidin, peonidin,
pelargonidin and malvidin) have been shown to be of
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dietary importance and are ubiquitously distributed
(Jaganath and Crozier, 2010). The major anthocyanins
found in the plum are cyanidin (3-rutinoside,
3-glucoside and 3-xyloside) and peonidin (3-rutinoside
and 3-glucoside) (Usenik et al., 2009). Anthocyanins
are absorbed in the small intestine and colon and
transported in human serum and urine, mainly as me-
tabolites to reach target cells (Talavéra et al., 2004;
Kay, 2006). Anthocyanins are known to be natural anti-
oxidants and have generated a great amount of interest
among researchers in the last decade. This trend has
also been observed among plum breeders as different
varieties of plum are cultivated through hybridization.
One of these hybrids is the Australian Queen Garnet
plum, a hybrid of the Japanese plum developed through
a breeding programme funded by the Queensland Gov-
ernment in Australia. This novel-bred Queen Garnet
plum is known for its exceptionally high anthocyanin
levels, reaching up to 277mg per 100g fruit (Fanning
et al., 2013). Even though levels of anthocyanin content
in fruits progressively increase during fruit development
and ripening, this is more than two times higher than the
total anthocyanin content of regular plums that has been
reported to range from 5 to 173mg per 100g across
harvest years (Miletic et al., 2012). The beneficial health
effects of these levels of anthocyanin found in the Queen
Garnet plum are currently being researched. Preliminary
studies using this variant of plum have demonstrated anti-
thrombotic activity in humans (Santhakumar et al., 2015a)
and a beneficial effect on metabolic syndrome in rat
models, in vivo and in vitro bioactivity (Bhaswant et al.,
2015). It is important that similar studies be performed with
different hybrids of plum to confirm their beneficial health
effects in the fight against chronic diseases.

Other parts of the plum fruit that are usually
discarded or used in animal feed may also provide food
components that confer health benefits. The plum
pomace, a by-product (pulpy residue) from plum juice
has been reported to contain 38-49% dietary fibre and
have antioxidant and anti-inflammatory properties that
have been demonstrated in vitro (Milala et al., 2013).

CONCLUSION

In conclusion, this systematic review has identified an
emerging body of evidence that demonstrates the bene-
ficial health effects of plum consumption. The largest
amount of evidence to date relates to prevention and
management of osteoporosis, which shows promising
evidence as an adjunctive therapy. However, many of
the study designs were of low quality; therefore, it is im-
portant that well designed human trials are conducted to
confirm these observed effects. Consideration of the nu-
tritional composition of plums and prunes and the ef-
fects of processing on their bioactivity is also important
for future research. Elucidation of the mechanism of ac-
tion of plum polyphenols, identification of potential ad-
verse effects and the effects of dosage on outcomes is
necessary to inform dietary guidelines for chronic dis-
ease prevention and management.
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Appendix 1: Search Strategy: Medline (OVID)

Searches
1 "plum*1".m_titl.
2 limit 1 to English language
3 Prunes.m_titl.
4 limit 3 to English language
5 "prunus domestica".m_titl.
6 limit 5 to English language
7 "prunus salicina".m_titl.
8 limit 7 to English language
9 2or4or6or8
10 (9 not "plum blossom needle").m_titl.
11 limit 10 to English language
12 (9 not "plum pox").m_titl.
13 limit 12 to English language
14 (12 not "plum curculio").m_titl.
15 limit 14 to English language
16 (15 not "plume").m_titl.
17 limit 16 to English language
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