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317, 1976. — Human jiidgments of ‘the ‘sweetness of sucrose

solutions were significantly reduced by an aqueous-alcohol extract from the leaves of the rhamnaced tree, Zzzzpkus_"
jujuba, but were not changed in quality category. Both water soluble and water insoluble. poxtmns were tastesactive; <

Fractionation of the water soluble portion of the extract

properties. Ziziphus jujuba contains a taste modifier which can be used as a tool in taste Iesea:ch
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SEVERAL natural substances of plant origin modify the
sense of taste by selectively changing the characteristics of
gustatory receptors andfor primary neurens. Two widely
studied substances are miraculin, a protein, [9, 19, 22] and
gymnemic acid, a triterpene saponin [1, 10, 17, 21]. Such
peripheral gustatory modifiers can be employed in theoret-
ically oriented studies of faste neurophysiology [1, 9, 10,
17, 19, 21, 22] and psychophysics [3, 4, 25], in
examinations of plant—animal interaction [11, 13, 23, 26,
27], and perhaps, in modifications of human food accept-
ability [2, 6, 35]. The action of gustatory modifiers can be
primarily an alteration of classes or quality categories of the
responses or primarily a depression or enhancement of the
intensity of otherwise unchanged gquality categories. In
either case, one, or more than one, quality category may be
affected. Miraculin, an extract from the ripe fruit of the
shrub Synsepalum dulcificum, is a specific modifier. Mir-
aculin produces a modification of judgments of those acidic
substances which are typically judged sour by humans
before treatment, and sweet after treatment [3]. Prepara-
tions of gymnemic acid, another frequently studied taste
meodifier, produce, in humans, alterations of both quality
category and response intensity for the tastes of sugars,
alkaloids, and amino acids (for references see [4,28]. We
now report a taste modification produced in humans by
extracts from the leaves of the jujube tree, Ziziphus jujuba.

Z. jujuba [7, 18, 31,32] is cultivated in the Middle and
Far East and has grown.in Mediterranéan. countries and
Southern Europe for 2,000 vears: [t was introduiced into
the United States in 1837.: The fruits of the tree are-edible,
while the leaves are said to i}e used in Iran to decrease the
intake of sweets {15].- :

Giordano {15} and Kohlberg [24] have both reported
that leaf extracts of Z. jujubg elevate human- taste thres-
holds to sucrose solutions.. Both used-a technigue to
determine the concentration of sucrose solution discrimin-
ated from water (detection™threshold): and the concentra-
tion of sucrose solution discriminatéd from- water as sweet
(recognition threshold). For both’ types of threshold, the
psychophysical fask’ consisted ‘of the ascending and de-
scending method ‘of lmnts__ _(succe_sswely jncreasing or
decreasing stimulus concentrations) [12]. Each stimulus
presentation followed a triangle test format, composed of
single drops of sucrose solution oz ‘distilfed water,

Giordano demonstrated, in“one subject testéd repeated-
ly, that either directly chewing the léaves of Z. jujuba or
rinsing with a water extract produced a doubling of the
recognition and detection thresholds for sucrose. Two tests
in the same sibject yieldéd no change in thresholds for
sodium chloride. Kohlberg reported that 200 ‘mg of leaves
chewed for 2 min abolished the swestness of a 200 mM
sucrose solution for 3. min (as compared with 15 min for
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Gymnema sylvestre). Using the ethanol scluble fraction of a
water extract of the leaves, Kohlberg also reported a two
fold increase in the recognition threshold for sucrose
sweetness but no abolition of the taste. As little as 100 mg
of active crude anti-sweet principle (“onnabin™) abolished
the sweetness of 200 mM sucrose. Kohlberg further
reported that the anti-sweet effect also worked on 10 mM
cyclamate, (.33 mM saccharin, and 822 mM glycerol.

Halpern and Singer-Granich (unpublished observations}
studied the effect of Z. jujuba on taste intensity judged by
8 subjects chosen for consistency of naming taste solutions
and of estimating stimulus strengths. An agueous decoction
of Z. jujuba leaves (10 gf100 ml H,O) was held in the
mouth for 3 min followed by a series of presentations of 80
mM sucrose, separated by the series: 10 sec—10 sec
rinse—10 sec rest. Whereas a quinine control did not affect
estimates of sucrose strength, the Z. jujuba extract reduced
sweetness almost 90% on the average with a return to near
original sweetness by the end of the last of 10 irials (5
min). These results provide more quantitative information
about the reduction of sweetness by Z. jujuba and confirm
the earlier observation that its time course is of shorter
duration than that of Gymnema sylvestre.

The present study assessed the effects of Z, jujuba with a
set of taste stimulus solutions psychophysically matched
for judged intensities at relatively high and low concentza-
tions (matched to 300 mM or 75 mM NaCl). The effect of a
Z. jujuba extract on repsonses to these solutions was
measured using judgements of quality categories and judged
intensity.

: METHOD

. Subjects

. The 8 male and 2 female volunteers were technicians at
‘1.8, Army Natick Development Center, ages 2126 years.
They were experienced in magnitude estimations of taste

stimuli, but not aware of the specific purpose of the present
expemnent

Snmuh

Z: ,ru]uba leaves were picked in October 1972, from a 54
ear:old cluster of Z. jujuba trees in the arboretum of
'and Park, Monroe County Department of Parks,
hester, NY. The leaves were dried by an air siream
0°.C) and stored at 5°C over silica desiccant. An aqueous
oliextract of the leaves was obtained by the procedure
Dateo and Long [8). The combined extract (517 ml)
m 25 g of dried leaves was concentrated in vacuum at
ent: temperature. Precipitated nmaterial was separa-
hy. centnfugatmn (30,000 rpm). The aqueous super-
(60:m1) was diluted to 100 m! with ethanol, and the
_ ble precipitate (insoluble in ethanol) dissolved
0% ethanol (ea 100 mi). To facilitate testing of water
__ate_nals .microcrystalline cellulose powder (Cel-
ig-Rad) was used to disperse the sample. A
he water insoluble portion of the aqueous
ct was absorbed on the powder. The wet

“(silica desiccant). Before use, the ab-
50:mg of powder/ml) were dispersed in
Was ‘monitored by pH paper and not found
e"_pH'range 5—6.

by thin layer chromatography for gymnemic

:dned at 40°C and then vacuum dried at -

_Yp(}_thems that the active principle of Z.
iic acid, the total concentrate of an
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aqueous alcohol extract was partitioned iftto h
ble, ether soluble, chloroform ethanol soluble:an
residue [8]. The chloroform-ethanol fraction i

depicts the results. Gymnemic acid was not defec;
appearance of componenis visualized by a L
Burchard reagent and the foaming properties
chloroform-ethanol fraction in water suggest that!
are present in the active fraction.

|
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FIG. 1. Schematic of a thin layer chromatogzam of the chloroform-
ethanol soluble fraction of Z. jujuba leaves. Ascending development
on silica gel' G with the solvent system Iil: butyl formate—methyl:
othyl ketone—formic acid—water [8]. 1. gymnemic acid A [34]. 2.
Z. jujubg fraction.’ 3. Chloroform-ethanol fraction from G. Sylves-
tre. The ‘most mobile 'spot is gymnemic acid A,. The coloration
obtained ' with® Lichermann-Burchard spray reagent from the Z.
;u]uba components differs' from that found with gymnemic acid
L - spots.
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Hexane soluble and ether soluble fractions were ab-
sorbed on microcrystalline cellulose. The chlotfoform-eth-

“gnol soluble fraction was dissolved in water (1% wjv),
" washed with ether and lyophilized. Lyophilized aqueous

residue was also absorbed from aqueous ethanol on
microcrystalline cellufose,

 Taste stimuli for tfesting the extract were aqueous
solutions of reagent grade NaCl, HCI, sucrose, and U.S.P.
quinine hydrochloride (QHCI). The solvent for all taste
solutions (and the rinse liquid, per se) was distilled water
(refractive index = 1.3330, 20°C). Two sets of taste stimulus
solutions were used, one psychophysically matched to 300
mM NaCl (high concentration) and the other matched to 75
mM NacCl (low concentration). .

Procedure

In each session, subjects held 10 mi dispersion of leaf
extract in their mouths for 3 min, expectorated, waited 30
sec, rinsed with distilled water, sipped 10 ml of one
concentration of a taste stimulus, held it in their mouths
for 3 sec, expectorated, and then judged the intensity and
reporied the quality category.

Magnitude estimates were done according to the method
of Stevens {33]. The 75 mM or 300 mM NaCl standard
solution was assigned a magnitude rating of 10, and the
strengths of all other stimuli in that session were judged in
proportion to that standard. If a solution was judged to
taste twice as strong, it was assigned the number 20 and so
on. Quality category reports were restricted to salty, sour,
sweef, or bitter.

Six sessions were conducted. In the first 2, water soluble
and water insoluble portions of the aqueous alcohol extract
were tested on high and low concentrations of the test
stimuli. In the second four sessions, conducted on two
separate days, the four Z. jujuba fractions prepared from
the water soluble portion of the aqueous aleohol extract
were tested. The order of conditions within the first two
sessions, and the last four sessions were randomized.

RESULTS

Both alcohol soluble and water insoluble portions of Z.
jujuba extracts significantly depressed the judged infensity
of high and low concentrations of sucrose (Table 1). There
were no significant changes in the judged intensity of the
other taste solutions (Table I). A change in reported
quality occurred for only I subject, on 1 trial. Other than
this, all subjects called NaCl salty, HCl sour, sucrose sweet,
and QHCI bitter. Thus, Z. jujuba produced only a reduction
in the judged intensity of sweetness.

With the 4 fractions of the water soluble portion of the
aqueous alcohol extract, the ether soluble, and chloroform-
ethanol soluble fractions significantly depressed sweetness
judgements of the sucrose solutions, but did not alter the
qualitative category (Table 2). The other 2 fractioms,
hexane soluble and aqueous residue, had no significant
effects on the sucrose taste solutions. All 4 fractions
vielded a significant enhancement of sourness (Table 2).

PISCUSSION

A reduction in the judged sweetness of sucrose solutions
was produced by portions of the aqueous-zlcohol extracts
of Z. jujuba leaves. The 2 inactive fractions of solvent
partition (i.e. the hexane soluble and aqueous residue)

STANDARDS=10); IUDGED INTENS
THE TONGUE OF WATER SOLUB'

/LENE TO TH'E"_ :

Solutions”

300 mM NaCl
6 mMHCE "
0.2 mM QHCI

400 mM Sucrose’

75 . mM NaClL:
2.6  mMHC
0.034 mM.QHCL

100 - mM Si'.t'cros’e'_.

‘ltipie range ;

*Analysis of varian F test; :
h sucrose, all -

tests, p<0.01-onty for: COMpAriso]
other compa.nsoﬂs p>0 05

AGNITUDE ES-
OLUTION WAS

NaCl - -
HCL
QHC
Sucrose

* % Analysis of varance,;
test, p<{. OI(T) 0rp<0'05 ;

prov1de ins effect
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The activity of the water insoluble portion of the extract
may be attributable (if one assumes the active principle
jtself is a saponin) to alkaline earth salts of the active
material or some water insoluble complex that can be
solubilized by the action of saliva. The presence of active
principle in both ether soluble and chloroform-ethanol
soluble fractions is similar to the observation of Stoecklin,
Weiss, and Reichstein [34]. They found that ether soluble
and chloroform-ethanol sofuble fractions from Gymnema
sylvestre leaves have antisaccharine activity, and suggested
that this may be due to some extraction by ether of
material to be found mainly in the chloroform-ethanol
soluble fraction.

Despite the common characteristic of both being sapo-
nins, the sweet-reducing principle from the leaves of Z.
jujuba, which we designate “‘ziziphin™, differs from gym-
nemic acid chemically, ecologically, and psychophysically.
From the chemical point of view, a comparison using thin
layer chromatography (TLC) demonstrates that the migra-
tion patterns of gymnemic acid and ziziphin are quite
different (Fig. 1). Therefore, no activity corresponding to
gymnemic acid is present in the Z. jujuba.

Ecologically, the degree of imsect predation upon Z.
jujuba and G. sylvesire can be compared. Z. jujuba leaves
are attacked by many insects in India, including 33 families
in 6 different orders [27], and by one common pest,
Popilia japonica (Japanese bettle) in the United States
(Vogt, personnal communication). This indicates that the
intact leaf and probably rziziphin is neither a feeding
deterrent, a taste modifier, nor toxic to these insects. In
contrast, pure gymnemic acid is a feeding deterrent for a
broadly phytophageous insect, the southern army worm
[16}. Further, only one species of insect (the uraniid
lepidoptera Micronia aculeta) is known to attack the leaves
of G. sylvestre [26]. These ecological data are consistent
with the preceding chemical data which indicated that
gymnemic acid and ziziphin differ in physicochemical
properties.

Further psychophysical observations are needed tfo
confirm any distinction between gymnemic acid and
giziphin. The present experiment suggests an effect of
- ziziphin only on sweetness judgements. However, the

previous studies of gymnemic acid have observed effects
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