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ABSTRACT
Aim: The study investigated the changes in the maisipbghemical parameters of the coconut infloreseenc
sap derived from MYD, WAT, PB 12Jand PB 113varieties during storage.
Place and duration: Marc Delorme Research Station for coconut, Natiohgronomic Research Center,
Abidjan, Céte d’lvoire, between March and May, 2013
Methodology: The coconut sap was collected from six coconwgstnger variety, and then a sample for each
variety was constituted by mixing the collectedssafhree samples of the coconut sap from eachtyadach
collected on a different day (repeated on threes adycollection), were stored at 35+2 °C. Then afameters
were assessed during 120 h (5 days) of storage.
Results: The results showed a significant effect of theage duration upon the whole parameters. Spedifjcal
important decrease was observed for the total sugantents (from 16.08 to 0.93 g/100 mL), pH (A82.17)
and the relative density (1.055 to 1) of the co¢@ap samples, without any differentiation betwearieties.
Also, the total soluble solids and the dry mattmtents dropped respectively from 16.31 to 3.82% Eh47 to
3.09 g/100 g. On the other hand, significant insesawere recorded with the total titrable aciditgro 0.26 to
1.85 g/100 g) and the tannins contents (from 5.68.2 mg/L). Concerning reducing sugars and pretepartial
increasing in their contents were recorded respelgti 6.60 to 8.29 g/100 mL and 2.34 to 2.84 g/hfl0 after

24 hours of storage. The total polyphenols contezashed peaks of 606.84 mg/L to 1316.24 mg/L &éeh,




before decreasing. The WAT differed from the tho®er varieties with the highest content of totalyphenols
and tannins during the 120 hours of storage.

Conclusion: The study evidenced similar changes in the phgsiemical traits during 5 days of natural
fermentation of the sap of different coconut vaemt The sap remained stable during the first 12rdhof
storage, but up to 5 days the main nutrients weodex.
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INTRODUCTION

The coconut Cocos nuciferd..) is a tropical crop mainly cultivated for theoguction of nuts. When they are
immature, the nuts contain a delicious and refreshdrink [1] and the mature nuts are raw mateabil
production for food, cosmetic and pharmaceuticalugtries. However, ants’ attacks and environmental
constraints lead to decreases of the yield in putsluction. In addition, the severe crash in thieepof the
coconut oil, resulting from competition with otheit crops such as oil palm and soya, limits cortinly the
plant’s profitability. For the revival of this sectand to get numerous coconut farmers out of pgvether
diversified products, like coconut sap, seem t@imemising perspectives [2]. The coconut skp€rag remains
the most important value added product that hagltgothe attention of all the stakeholders in co¢didi
Indeed, the coconut sap records great valorizatiortee countries of South-eastern Asia (Philippindia,
Indonesia, etc.) which have the largest coconumsgan the world.

Many authors reported the physicochemical compowfidbe coconut saplhe sap contains several nutrients
that are mostly carbohydrates (sucrose, glucosefractbse). There are also amino acids such asmlag,
vitamins (C, B) and minerals including potassiutogphorus and iron [2; 4; 5]. Following the examplghe
sap derived from other palm species, the cocorpissaften directly consumed by the local populsgiand is
very appreciated thanks to its nutritious valueswklver, the most important valorizations of thearag sap are
with the processing into syrup, sugar and distibécbhol [6]. The coco syrup and sugar are amoegfdbds
with low glycemic index, lower than 50 [7]. Thu$ese by-products record so high value-addition that
production, processing and trading of the cocoapt s&2em more profitable than the empirical salthefnuts
[8]. Nevertheless, the shelf life remains a lingtifactor for the valorization of the coconut saplded, the rich
nutritious composition of the sap leads it logigalb a fast spoilage. The deterioration is causgdthe
microorganisms associated with both environmemidl faygienic conditions of the sap production [9fteh the
harvest of the sap, the glucides undergo spontandegradation leading to several volatile chemisalsh as

alcohols, acids, aldehyds, ketones and ester®[%;haracterizing loss of the stability of the puotl




In addition, Konaret al [11] compared the yield of sap production fronurfalifferent coconut varieties and
showed higher quantity of sap from the hybrids thewarf and tall coconut trees. The coconut saps diféer
with their physicochemical traits [4]. However, theare scanty reports comparing the changes of the
physicochemical parameters of the coconut saptiegurom different varieties after harvesting. Gafering
the role of the palms saps in the diet of the patpus, it is important to know more about the demmay
occur during storage in order to improve its preagon. In this study, the main changes in the foghemical
parameters of the sap provided by four widespreadrt varieties in Céte d’lvoire are investigated.
MATERIAL AND METHODS

1. Plant material

The plant material was the sap derived from unogémigorescences (spathes) of four coconut vasetiamely
Malayan Yellow Dwarf (MYD), West African Tall (WAT)and the improved hybrids PB 12{MYD x
improved WAT) and PB 113 Cameroon Red Dwarf x improved Rennell Island)Tall

2. Methods

2.1. Sampling

From each variety, six adult and healthy cocondinpees were randomly chosen on experimental agtcon
plots at the Marc Delorme Research Station of théddal Agronomic Research Center in Cote d’lvoirken,
from each coconut tree, the spathe of rank 8 wkiwbuld be opened within two months, allowed the sap
harvesting. The spathe was severed and its swfasentroduced into an empty plastic can througtireular
opening allowing the sap gathering. The cans weggiqusly sterilized with boiling water at 100 °The can
and the spathe were covered with a sterile mustith én order to preserve the hygienic quality loé tsap. At
each harvesting, the sap was immediately spilleal pfastic sterile bottles, placed in an isotheooldag with
ice sheets, sent to laboratory and kept at -20 °C analysis [5]. After each harvest, the continuoazirng of
the sap was ensured by removal of 3 to 5 mm thakfem the surface of the spathe. The sap was simo/
twice a day, at 7 AM and 5 PM [12] and later, tapssprovided by the trees of each coconut varieiy fboth
harvests were mixed and a sample of 1.5 L was iweghalyses. Then the sap samples were storestat &
[12] in an oven, and the physicochemical parametere assessed after 0, 4, 8, 12, 24, 36, 48,6/7an8 120 h
of storage. The investigations were repeated foeethdifferent days of harvest and the whole studs w
conducted with 12 samples of coconut sap (1 saofdles L x 4 varieties x 3 repetitions).

2.2. Determination of physical parameters




The dry matter content was determined by dryingy b® sap sample in an oven (Memmert, Berlin, Gewyhanh
105 °C [13] for 8 hours. The relative density wagedmined by measuring the mass of 1 mL of saph Bot
determinations used an electronic two digits s@slettler BD 202, USA). The total soluble solids temt was
recorded with a refractometer (DIGIT 032, BrussBislgium).

2.3. Determination of the chemical and nutritive psameters

The potential of hydrogen was determined with arpéter (HANNA Instruments).

The total titrable acidity was measured by theatitn [14] of the sap samples with solution of sodi
hydroxide. The total polyphenols content was deiteech using the folin ciocalteus method [15] imprdvey
Boizot and Charpentier [16]. Then the tannins cointeas deducted from the total polyphenols with uke of
vanillin in acid solution [17]. The proteins conterwere determined according to the method degstrilye
Lowry et al [18], using also folin ciocalteus reagent. Thmltearbohydrates contents were assessed with pheno
and sulfuric acid method [19], and the reducing assgcontents were determined by using the 3, 5 -
dinitrosallicylic acid [20]. All the analyses weaehieved in triplicates.

3. Statistical analysis

The sap samples harvested through the three daysvestigation were replications for each variethe
statistical analysis was achieved with SPSS so&w&PSS 16.0 for windows, SPSS Inc.). It consistesvo
factors analysis of variance (ANOVA). The factorsrevthe variety and the duration of the storagearidevere
classified by the Newmann Keuls test at 5% sigaifie level. Then, correlations between parameters w
assessed according to the Pearson index.

RESULTS

The statistical analysis of the data showed sicgifi effects of the storage duration (P<.001) om 10
characters assessed from the sap provided by thedgconut varieties (table 1).

1. Physical parameters

1.1 Dry Matter

Considering the four varieties, the dry matter eanhtdecreased significantly (P<.001) from a ranfe o
14.64+1.07-16.47+1.46 g/100 g to 3.09+0.9-5.55+yAMO0 g during 120 h of storage of the coconussape
initial 12 h of storage revealed steady dry mattiethe sap provided by the MYD (16.47+1.07 to 13B@0
g/100 g), WAT (14.86+0.96 to 12.82+0.46 g/100 ¢y P21" (14.75+1.12 to 14.70+0.51 g/100 g) and the PB
113" (14.64+1.07 to 14.06+0.8 g/100 g). However, theanserecorded from the WAT were significantly lower

than those of MYD, PB 1Z21and PB 113 From 24 h until 120 h of storage, the decreashéndry matter was




significant for each variety. It led to 5.53+1.5609+0.90, 5.24+0.33 and 4.55+0.18 g/100 g respelgtifor the
MYD, WAT, PB 12T and PB 113 Between the 2%4hour and the 48hour of storage, the differences in dry
matter of the varieties were not significant. Bfiem48 h of storage, the PB 124nd MYD varieties provided
significantly higher dry matter contents than WATdPB 113 (figure 1).

1.2 Relative density

The relative density of the coconut saps loweredndustorage, with means varying significantly from
1.055+0.007 to 1 (P<.001). At the beginning (0-&hyl the end (96-120 h) of storage, the relativesite were
stable for each variety, with values of 1.046+0.0061.055+0.007 and 1 to 1.013+0.006, respectively.
Moreover, apart from the values of 0 h and 120epst similar means (P=0.69) were provided withfthe
varieties all along the storage (figure 2).

1.3 Total soluble solids

The total soluble solids contents (TSS) droppeahiggntly during the 120 hours of storage, with ans
varying from 16.31+0.55-14.65+0.41% to 3.82+0.88#D.61%. Within the first 12 h of storage, the TSS
remained statistically invariable with means betwd®.31+0.55% and 12.85+0.24%. From thd' 2wur of
storage, the decreasing was significantly fastetil 86 h where TSS reached means of 8.27+0.76%,
4.95+0.45%, 8.30+0.30% and 7% (respectively for MWRAT, PB 121 and PB 113. and The last 24 h of
storage (96 h-120 h) gave steady means of totabkplsolids contents per variety. At the beginnaighe
storage (0 h to 12 h), WAT recorded significantbyvér TSS (14.69+0.40 to 12.85+0.24%) than PB*113
(14.6520.41 to 13.77+0.13%), PB 12(114.82+0.44 to 14.63+0.21%) and MYD (16.31+0.551887+0.51%).
Between 24 h and 120 h of storage, MYD and PB" {2avided more soluble solids than WAT and PB™113
(figure 3).

2. Chemical and nutritive parameters

2.1 Sugars contents

Total carbohydrates

The 120 h of storage of the coconut sap revealsijmificant decrease in the total carbohydrateserus
(P<.001). The decrease was not significant durimg eéarlier storage (12 hours), with total carbobiel
contents (TCC) ranging between 16.08+0.75 g/100andl 12.85+0.62 g/100 mL. From 24 h (12.11+0.79 to
12.58+0.36 g/100 mL), the TCC declined significgnthtil the 96" hour of storage where means were between

1.26£0.10 g/100 mL to 1.82+0.02 and g/100 mL. Betw86 h and 120 h of storage, the means didn’tggan




significantly from each variety. Moreover, duringet storage, the carbohydrates contents didn't rdiffe
significantly for the saps provided by the four aout varieties (figure 4).

Reducing sugars

The reducing sugars contents (RSC) showed signtfidi#ferences (P<.001) between start and end isf th
storage. The means were between 2.41+1.30 and 3884/100 mL at the harvest of the sap. But 4térla
they lowered to 0.56+0.37, 1.81+1.79 and 1.87+HA®0 mL (for WAT, PB 113and MYD, respectively) or
stayed relatively constant at 2.45+0.30 g/100 ndr @B 121). Then they increased until 24 h of storage and
reached maximal means of 6.6+2.49, 6.94+0.78, 7L&%and 8.29+2.08 g/100 mL with MYD, WAT, PB 113
and PB 121, respectively. Beyond 24 h, the RSC dropped relyuéand significantly till recording lower means
of 0.07+0.06 to 0.15+0.12 g/100 mL at 120 h (figGye

2.2 Proteins contents

During the 120 hours of storage, the proteins gustéluctuated significantly (P<.001) between 0.045 and
2.84+0.30 ¢g/100 mL without any significant diffecen between the varieties. The proteins contents wer
statistically stable until the"8hour of storage, with means of 0.35+0.05 to 0.88&0g/100 mL (MYD),
0.42+0.01 to 0.59+0.25 g/100 mL (WAT), 0.49+0.04 Q®6+0.43 g/100 mL (PB 121 and 0.38+0.06 to
0.55+0.30 g/100 mL (PB 118 From 8 h, they increased significantly until B4and reached peak values
ranging from 2.34+0.37 to 2.84+0.30 g/100 mL fae four varieties. Beyond 24 h of storage, the fgéishows
continuous dropping of the proteins contents ut?2i0 h where means stated to 0.29+0.09 g/100 mL (MYD
0.14+0.05 g/100 mL (WAT), 0.30+0.08 g/100 mL (PBLIRand 0.22+0.11 g/100 mL (PB 133

2.3 Total titrable acidity

Considering the four varieties, the total titrabt@dity increased statistically from 0.26+0.04 t85+0.09 g/100

g during the 120 h of storage, with relative sifptages. Statistically, significant differencssre observed
between the acidity of the four coconut varieties.001).

With MYD, the significant increasing of the totérable acidity was observed between 4 h and 8.%506®D.03

to 0.72+0.13 g/100 g), 12 h and 24 h (0.84+0.2.4740.27 g/100 mL) and after 72 h (1.53+0.16 tc63(B09
g/100 g).

Regarding WAT, the acidity increased significarfilgm the beginning of the storage till 36 h (0.323to

1.1920.06 g/100 g), then within 48-72 h (1.27+0t68.40+0.07 g/100 g).




For PB 121, the total acidity increased significantly withine early four hours of the storage (0.31+0.06 to
0.61+0.11 g/100 g) and between 12 h and 120 h£0.74 to 1.65+0.26 g/100 g). On the other handybeh 4

h and 12 h, the acidity didn’t show any obviousrda

The acidity recorded from PB 118aried significantly from 0 h to 24 h (0.31+0.@51.04+0.07 g/100 g) then
between 48 h and 72 h (1.20£0.13 to 1.32+0.07 g{)0®But, within 24 h and 48 h then from 72 h ta@D 12
(1.32+£0.07 to 1.45+0.07 g/100 g) the variationseveot statistically significant (figure 7).

2.4 Potential of hydrogen

The four varieties of coconut sap provided the saaiaes of potential of hydrogen (pH) at each painiime
during storage (P=0.12). However, the pH of eaatonot sap sample decreased statistically from D3Z+to
4.17+£0.15 during the 120 h of storage (P<.001).nfFthe first 8 h, the pH remained statistically diga
fluctuating between 7.07+0.32 and 6.83+0.47 (PB"),13.10+0.20 and 6.67+0.42 (PB 1217.18+0.22 and
6.93+0.06 (WAT) and between 7.32+0.17 and 6.6+QM®8D). Thereafter, it decreased significantly uréd h

of storage where the means became 4.37+0.06 ta-@L2T. Beyond 96 h, the pH didn't change anymore,
providing values of 4.17£0.15 to 4.2+0.10 at 126f storage (figure 8).

2.5 Polyphenols compounds

Total polyphenols

During storage, the total polyphenols contents ()TBfCthe coconut sap samples were significantlyedgnt
(P<.001). Specifically, from 0 h to 24 h of storagee TPC remained statistically constant from MYD
(254.20+3.40 to 331.91+25.76 mg/L), WAT (565.80:2® 696.60+32.26 mg/L), PB 121464.40+5.91 to
636.75+28.02 mg/L) and PB 118402.8+7.87 to 517.09+137.55 mg/L). Between 24nd 48 h, the means
increased significantly and reached maximum of 4%2£72.69 mg/L (MYD), 1056.98+229.59 mg/L (PB 121
1045.58+276.47 mg/L (PB 11Band 1316.24+51.81 mg/L (WAT). Then they droppedvalues varying
between 292.02+25.04 mg/L and 601.14+27.81 mgA6at of storage. Between 96 h and 120 h, the TEC'tdi
show any obvious change from each type of cocompit However, all along the storage, the sap derirad
WAT provided more total polyphenols while that oiY® recorded the lowest (figure 9).

Tannins

The tannins contents increased during the storaile significant differences between the four vaest
(P<.001). With the MYD, the tannins contents insegh significantly (P<.001) from 0 h to 4 h (5.65l® 10
6.62+0.14 mg/L) before stabilizing between 8 h & h (6.67+£0.21 to 6.71+0.21 mg/L); and later, rose

continuously and reached 9.95+0.08 mg/L at 120 h.




Regarding the hybrids, the significant increasehi@ tannins contents appeared within the early @&shof
storage, where the averages varied between 5.99#hil 7.25+0.64 mg/L (PB 121and 6.19+0.28 and
7.57+0.72 mg/L (PB 113. However from 8 h, both hybrids provided steaay aimilar values fluctuating
between 7.25+0.64 and 8.38+0.36 mg/L.

The WAT recorded significant increase in the tasmiontents between 0 h and 4 h (6.45+0.31 to 7.@3+0
mg/L), and from 8 h (7.34£0.08 mg/L) to 96 h (128&5 mg/L). Besides, the tall variety provided leg
tannins contents than the other varieties duriedl®0 h of storage of the coconut sap (figure 10).

3. Correlations between parameters

The values of Pearson indexey {ndicate positive and negative significant catilns between the 10
characters assessed. Thus, pH, relative densitg@aments of total soluble solids, total carbohiesaand dry
matter were closely correlated during the 120 magt® of the sapr(varying from 0.84 to 0.98). Also, the
reducing sugars and the proteins contents changeidardy (r=0.81). The tannins contents were directly
correlated with the total titrable acidity=0.65).

On the other hand, the tannins contents and tla¢ tibable acidity were reversely correlated witle relative
density, pH and the contents of total carbohydratgsmatter and total soluble solids of the cod@aps, withr
fluctuating between -0.90 and -0.66 (table 2).

DISCUSSION

The continuous changes of the physicochemical patens of the coconut sap could probably be ateithuo
the fermentation. Till dates, numerous of authoessehreported the chemical processes explaining the
fermentation of the palm saps and the main by-prtsdwf these processes [10; 21]. Specifically, the
carbohydrates of the unfermented coconut sap hgteater proportion of sucrose [4]. During storaties
sucrose is converted into glucose and fructoseyoydiases, which are used later by the microorgasitor
their growth. However, this hydrolysis activity walewer at the beginning of the sap’s storage bezaf the
low presence of ferments. But, the acceleratiorsugars consumption could have been enhanced by the
exponential growth of the microbes. Our results@worate the works of Eze and Ogan [12] who reploge
decrease of the total sugars contents from 11.€1%23% after 33 h of fermentation of saps produzgail
palm at 36-37 °C. Otherwise, after four days, tiale total carbohydrates contents could explaéninhibition

of the microorganisms’ growth, after the sugarsobee scarce and the environment hostile by the Igwrer

Besides, Xiaet al [22] and Stringiniet al [23] specified three stages during natural feraon of the palm




saps. They consist of an initial lactic, an intediaée alcoholic and a final acetic fermentationu3heffects of
the micro-organisms from the first stages imprdwese of the following ones [24].

The total carbohydrates contents were correlat¢ideta@ensity, dry matter and total soluble solidstents of the
coconut saps. Indeed, sugars are the major maceoniek in the sap of the palms trees [4; 25]. Adicgr to
Miallet-Serraet al [26], the dry matter of the juices, like the coabsap, is mainly constituted of glucides. The
consumption of the sap sugars resulted in a contisiidecrease in the relative density of each offoloe
varieties. After five days of storage, most of sugars had been consumed so that the relativetgdefnshe sap
became close to that of water which is 1. The tetéible solids contents remain steady during itise 12 h of
storage because the macromolecules of the sapfispe glucides, would not be significantly metllzed
within this time. Besides, WAT provided lower vatuef total soluble solids during the early storaghe
investigations of Konamet al [4] showed that among the four varieties, the Wigfdduced a sap with lower
content of sucrose, the main glucide. Thus thd tahuble solids could have depended on the sucbskhe
beginning of the storage. But during the increaseeducing sugars and proteins contents, thesecoieke
would significantly account for the total solublglids contents.

The initial decrease of the reducing sugars costeotld result from the direct use of the residjiatose [4] in
the sap at the time it was harvested. Thereafterincrease of reducing sugar contents until 2éidiavage was
combined with drop of the total sugars contentscokding to Olive [27], after hydrolysis of sucrogég
microbes, specifically yeasts, would prefer thecghe. As the sucrose is converted into glucosdrantbse, the
increase of the reducing sugars content could leetluel presence of fructose which is not directlyaibelized
by microorganisms. The results show the maximalcgd) sugars contents after 24 h of storage, wahséudy
by Xia et al [22] indicated the highest reducing sugars cdn{@rB%) after two to three days of natural
fermentation of the sap produced by the same typalm plant. These authors worked with a tempeeatd 25
°C which could have delayed the hydrolysis abitifythe ferments microbes whose optimal activitpésween
30-37 °C. Afterwards, the dropping of the reducéugiars contents evidences the consumption of gérsiby
the microorganisms.

A natural occurrence of microbes in the sap woutitipce proteins (enzymes) which enhance spontalyetes
fermentation [28]. However, the increase of thetgins contents reveals a continual and signifisgnthesis of
enzymes during the first 24 h of storage. After3&he substrates became scarcer and that wouldtdea

repression of the enzyme synthesis from the surgimicroorganisms [27]. Consequently, the protemgents




decreased during the rest of the fermentation gsc&his accounted for the positive correlationhwtiie
changes in reducing sugars contents.

The results showed a significant increase of ttrakfie acidity at the beginning of the storage.sT&arlier
acidification could result from lactic acid bacteIl(LAB) as reported by Xiat al [22]. Moreover, the LAB
whose activity produces lactic acid could lower tité¢ to values of 5-6 leading to promotion of yeasisl
moulds. As the yeasts are responsible of the ald@nmentation, the partial stabilization of thedity could
characterize stages of alcoholic production indbeonut sap. Later, a third stage of the acidityld¢de induced
by the acetic acid bacteria (AAB) [29] occurringtire sap with production of acetic acid which titrto sour
and vinegar. From these results, the total titralidity of the coconut sap was constantly highantthe means
reported by Eze and Ogan [12] from the oil palm.sHpe intense acidification could have contributed
astringent and bitter tastes of the fermented catcesp as stated by Borseal [9].

The raising of the total polyphenols contents rssisbm the hydrolysis of the bonds between the/gwnols
and other molecules. According to X& al [22], the polyphenols would be naturally boundhagugars,
proteins, cellulose and starch in the sap. Thesctimtinuous acid hydrolysis of those bonds dufémmentation
[30] increased the total polyphenols contents whighched peak means at 36 h. However, after 48eh, t
decrease in total polyphenols content could haselted with enzymatic oxidization by polyphenol dase and
phenolase according to the hypothesis of Kaetaal [31]. The works of Xiaet al [22] didn’t show any obvious
change of the coconut sap’s polyphenols conteat afaching peaks values from 56 h of fermentadio2b °C.
In fact, our investigations were carried out un88t2 °C, which could have activated the enzyme ioeat
above. The tannins are part of polyphenols compsuiitie perpetual increasing of their content resvétad
continuous degradation of the polyphenols bindings.

CONCLUSION

The assessment of the physicochemical parameteirsgydihe storage of the coconut sap showed a acmiis
degradation of the total carbohydrates which wéee major macromolecules. During the first 12 hoois
storage, the sap remained stable. But, the carbateglwere progressively hydrolyzed into reducingass,
whose content increased partially before droppBunsequently, the acidity increased continuousligencing
the spoilage of the coconut sap during storageoBeayour days, the sap contained very little natseand its
higher acidity could even render it unpleasantfimking.
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Table 1: Statistical data of physicochemical parametershefinflorescence saps derived from four coconut
varieties namely Malayan Yellow Dwarf, West Afric@iall and improved hybrids PB12and PB113
during the storage at 3512 °C

Sources of PARAMETERS
variation  df TCC RSC PRC TSS TTA pH DEN DMC TPC  TAC
Ss 218 1662 066 77,31 043 048 000 3821 269278®,75
Varieties 3 V;;Je 047 142 105 26,60 898 143 076 10,12 6892 2599
V;Ije 070 024 037 <0001 <0001 024 052 <0001 <0,001 <0,001
SS 3242,88 710,22 6541 104898 21,93 127,84 0,03 48915581122 180,57
Durations 9 vgl-ue 234,61 20,25 3478 120,31 153,2027,78 39,87 140,52 47,61 200,68
V;Ije <0,001 <0,001 <0,001<0,001 <0,001 <0,001 <0,001 <0,001  <0,001 <0,001
Varieties SS 37,01 5432 497 2793 034 139 000 1920  3587183,17
X 27 VaFllje 089 052 08 107 080 046 021 0,56 1,02 2340
Durations V;;Je 062 097 064 040 074 099 100 095 0,45<0,001

Error 80 SS 122,87 311,74 16,72 77,50 1,27 8,89 0,01 100,67 194@ 8,00

Total 120 SS 14070,83 2617,15 203,60 17255,04 152,43 4061,49 127,72 16011,77 54522893 8140,03

SS, sum of squares; F-value, value of the stadistist; P-value, probability value of the statisti test; df,
degree of freedom.

TCC, total carbohydrates contents; RSC, reduciiggusucontents; PRC, proteins contents; TSS, totabke
solids contents; TTA, total titrable acidity; pHytpntial of hydrogen; DEN, relative density; DMQCyanatter
contents; TPC, total polyphenols contents; TACnias content.




Table 2: Matrix of correlations between physicochemicalgoaeters during storage of the saps derived from

four coconut varieties namely Malayan Yellow DwaiNest African Tall and improved hybrids PB
121" and PB 113 during 120 h of storage at 35+2 °C.

TCC RSC PRC TSS TTA pH DEN DMC TPC TAC
TCC 1,00
RSC 0,3¢ 1,0C
PRC 0,26 0,81 1,00
TSS 0,91 0,41 0,23 1,00
TTA -0,86 -0,0¢ 0,07 -0,81 1,0C
pH 0,91 0,14 0,05 0,84 -0,90 1,00
DEN 0,88 0,24 0,06 0,87 -0,87 0,84 1,00
DMC 0,95 0,41 0,2t 0,98 -0,85 0,88 0,89 1,0C
TPC -0,08 0,34 0,39 -0,17 0,19 -0,24 -0,15 -0,14 1,00
TAC -0,65 -0,12 -0,0z -0,81 0,65 -0,67 -0,66 -0,73 0,3t 1,0C

The bold values are significant at P=.05.

TCC, total carbohydrates contents; RSC, reduciiggusucontents; PRC, proteins contents; TSS, totabke
solids contents; TTA, total titrable acidity; pHytpntial of hydrogen; DEN, relative density; DMQCyanatter

contents; TPC, total polyphenols contents; TACnias content.




20
18 -
16 -
14
12
1

DMC (g/100 g)

o
1

ON PO O
1

Figure 1: Changes in the dry matter contents (DMC) of tHimiascence sap derived
from MYD, WAT, PB 121 and PB 131 coconut varieties stored at 35+2 °C.

1.08
1.06

Density

1.04

Figure 2: Changes in the relative density during storagsa® °C of the inflorescence
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Figure 3: Changes in the total soluble solids contents (T&@hg storage at 35+
of the sap produced by MYD, WAT, PB I24nd PB 131 coconut varieties.
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Figure 4: Changes of the total carbohydrates contents (TQGhglstorage at 35+2
of the sap produced by MYD, WAT, PB I24nd PB 113coconut varieti
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Figure 5: Evolution of the reducing sugars contents (RSChefsap of MYD, WAT, Figure 7: Total titrable acidity of the sap of MYD, WAT, PB I2and PB 1.
PB 121 and PB 113coconut varieties during the storage at 35+2 °C. coconut varieties according to the duration ofagerat 35+2 °C.
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. . Figure 8: Potential of hydrogen (pH) of the sap deriving friYD, WAT, PB 12
Flgure 6 Changes Of the pl‘OleInS contents Of the Sa.p Of MWD,T, PB 1ZI and PB and PB llgcoconut varieties during the Storage at 35+2 °C.

113 coconut varieties according to the duration ofzje at 35+2 °C.
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Figure 9: variation of the total polyphenols contents (TRIO)ing the storage at 35+2 °C of the inflorescence
sap of MYD, WAT, PB 121and PB 113coconut varieties.
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Figure 10: Evolution of the tannins contents of the inflorsce sap of MYD, WAT, PB 12land PB 113
coconut varieties according to the duration ofagerat 35+2 °C.



