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1. INTRODUCTION

Guava is one of the important pomiferous fru its  of the 

Myrtle fam ily. The species Psidium Guajava L. is  native to 

South America and widely distributed in the southern trop ic. 

The f ru it  has been introduced into West and South A frica and 

several of the Pac if ic  Islands (22).

In Kenya i t  grows wild in the Machakos area, part of the 

Nyanza, Western provinces and the Coast province. The three 

varie ties  found in Kenya are Marherber-pink flesh , Patnangola 

white flesh , and Hawaiin hybrid - lig h t pink flesh . The f ru it  

weight ranges from 50 - 100 gm. The most common post-harvest 

disease is anthracnose caused by Colletotrichum p s id ii,  with 

maximum development at about 30°C and 96% Relative Humidity 

( 11) .

Guava tree grows well on land which is  considered margi­

nal for other crops. Therefore there are many areas in Kenya 

where i t  would be feasib le and profitab le to grow the f ru it  

as cultivated orchard crop.

The knowledge of the chemical composition of the f ru it ,  

and in particu lar the sugars and acids, which impart important 

properties to the derived products, is of great value to pro­

cessors and for consumer acceptance
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Ascorbic acid (Vitamin C) content of guava is  a very good 

asset, and the f ru it  w ill become more and more important as the 

public learns the high value of guava products in supplying this 

essential food nutrient.

Conflicting reports of the non-volatile acids in guava are 

also of great in terest. A few workers (8) have reported the 

presence of la c t ic  acid in guava, which is a product of fermen­

tation , and not usually present in f ru it  ju ices except in wines 

and ju ices made of raspberry (35).

The above therefore warrants the necessity to know the 

exact composition of guava and also of guava grown in Kenya 

for potential processing. Although the industrial use of guava 

is  more and more recognised i t  has not yet been in tensively used 

in Kenya and elsewhere.
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2. LITERATURE REVIEW

r

2.1. Guava Products

For the production of guava products, firm yellow and mature 

fru its  with no sign of insect or fungus damages are chosen. Half 

ripe fru its  are stored at 2°C - 7°C and allowed to ripen (30). 

Green fru its  are not good for processing as they do not have fu ll 

flavour nor do they y ie ld  as much product as the fu lly  mature 

f r u it .  In view of the increasing importance of guava for pro­

cessing some studies have been done to find optimum storage condi-l
tions for the harvested f ru it  (12).

In Hawaii, the guava processors state that for puree pre­

paration the f ru it  should have a good colour, flavour, few seeds, 

small c e lls ,  a pH range from 3.3 - 3.5 and a soluble solids con­

tent of 9 - 12%. Large fru its  with thick flesh are preferred.

Firm but fu lly  ripe fru its  are required (34).

Simple methods are availab le to evaluate the colour and 

the texture. The use of guavas of poor colour and texture for 

processing w ill do more harm to consumer acceptance of the fina l 

products than any other factors which a processor can control.

I t  is  therefore desirable to check the products for these two 

quality  attributes on a l l  consignments of fru its .

Guava f ru it  is  consumed mainly in the processed form in a 

few developed countries, but is  eaten fresh or has found local
ff *

use in many trop ical parts*of the world. The processed forms
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of guava include:-

(1) puree

(2) c la r if ie d  and cloudy ju ice

(3) nectar

(4) powder

(5) j e l ly

(6) ketchup

(7) cheese (34).

Table 1 shows the c r ite r ia  for quality  measurement of fru its  

from seedlings of selected Hawaiin guavas, and Figure 1 is a flow 

sheet for a guava processing lin e .

♦
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T a b le  I :  Q u a l i t y  Measurement  of  F r u i t  from s e l e c t e d  Hawai i

d 1 i ng F r u i t
T e s t ed

D i amete r 
( cm)

Wei ght  
( gm)

%
Seed

Co lo u r F 1 avour S o l u b l e
s o l i d s

(<■>

PH

30

■

1 1 6 .35-7 .62 227.3 1 .6 S t ron g
p ink

Norma 1
mi ld
sour

8.0 3.5

>31 1 3 6 .35-7 .62 1 70. 1 3.7 Li ght 
p ink

Norma 1 
sour

11.5 3.2

-  1 3 5 .08-6 .35 99.2 4. 1 S t ro ng
p ink

Norma 1 
s i i  gh 1 1y 
sweet

10.6 4.0

P t 1 6 6.99 178.6 4.4 M i l d
p ink

M i l d
s l i g h t l y
sour

9 . 8 3 . 7

Source Boyle et al and reproduced by Luh (22
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Guava Puree

Guava is  said to be one of the easiest fru its  to process.

The whole f ru it  can be fed into a paddle pul per for mace­

ration into puree. I f  the fru its  are rather firm, i t  may be 

necessary to attach a chopper or s lic e r  to the hopper which 

feeds into the machine. The puree is then passed through screens 

to remove stone ce lls  and seeds. Afterwards i t  is  advisable 

to deaerate the puree under vacuum, mainly to reduce oxidation 

which is  the chief cause for losses in colour, flavour, vitamin, 

and production of off-flavour. The third point is  the preven­

tion of foaming which allows correct and uniform f i l l in g  of con­

tainers. The puree is then pasteurized and stored for further 

usage. /

Guava puree is  the starting material for a number of other 

guava products (22). Sugar and water may be added to make a 

nectar or ju ice  drink. The puree can be used d ire c tly  with 

commercial ingredients for making ice-cream etc. As a flavou­

ring for pastries, the straight guava puree is  used. Several 

f ru it  punch bases are already on the market which use guava 

puree as an ingredient.

r *

Guava Nectar

The puree mentioned above is  the basic ingredient for the

production of guava nectar. Depending on the content of soluble
♦

solids of the puree (22), proportional amounts of sugar and water
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are added to make the fina l product with a specified soluble 

solids content. The soluble solids of the puree obtained from 

each batch of f ru it  is  measured in order to control the fina l 

soluble solids of the nectar.

The following formulation (22) for a nectar having 20% puree 

by weight shows the amount of ingredients to be mixed to have a 

finished product of approximately 11% soluble solids and a pH 

of 3 - 4.

Guava puree (soluble solids 7%) 100 Kg. 

Cane Sugar 48 Kg. 

Water 352 Kg. 

Yield of guava nectar 500 Kg.

A ll the components are mixed in stain less steel kettles or 

tanks. The mixture is  passed through a heat exchanger at a tempe­

rature of 82°C - 87°C and held for 60 seconds. The product is 

f i l le d  hot into lacquered cans. The cans are sealed, inverted 

for three minutes, and cooled with water to about 37°C.

Some processors believe that the addition of a small amount 

o f acid such as c it r ic  enhances the natural flavour of the pro­

duct. Sodium benzoate may be added as a preservative up to the 

lim it allowed by the food regulations, but is usually not necessary.

Guava Ju ice

The production of guav? ju ice  cannot be achieved by conven­

tional methods of ju ice  extraction. Three methods are used at
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present: the freezing method, the heat treatment and the enzyme

treatment.

In the f i r s t  method whole guava fru its  are frozen to help 

break the ir internal structure and are kept in frozen form until 

needed. This method seems expensive because the processor needs 

large cold storage rooms to keep the frozen fru its . When whole 

guavas are used the y ie ld  of ju ice  is  less due to interference 

of the seeds in the pressing out of the ju ice  (22).

In the second method, as used by one Kenyan firm , p a rt ia lly  

sliced fru its  are heated to about 60°C for 10 to 15 minutes to 

break down the tissues. I t  seems that a good y ie ld  can be obtai­

ned, but i t  is c lear that th is method may reduce considerably the 

ascorbic acid content and the flavour.

_ In the third method an enzymatic treatment of the pulped 

guava fru its  is  used to hydrolyse the pectin. I t  seems that a 

maximum ju ice  y ie ld  of 85% can be obtained by using ripe guava 

f r u it .  D ifferent commercial pecto lytic enzymes giving d ifferent 

ye ilds may be used for th is purpose (24). The enzymatic treatment 

of guava seems to be so far the most economic method. However, 

depending on the temperature used during the mash treatment, the 

flavour of the ju ice  may be affected. A lower reaction temperature 

would be more advisable. However, the exact optimal conditions 

of temperature and time have to be determined in prelim inary expe­

riments.
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The guava ju ice  can be used as single s treng th ju ice  or as 

a concentrate. Some manufacturers prefer to blend the guava 

ju ice  with other f ru it  ju ices or extracts to reta in  the nice 

guava flavour but not the colour of the f ru it .

Guava Pectin

A recent study (26) has shown that guavas grown in Kenya 

contain an average of 11% of pectin on dry matter basis and 

that the f ru it  may be used for the d irect production of low 

methoxyl pectin. Muroki (̂ 25) showed that to obtain a gel of 

60 °B r ix  at a pH of 2.90 the addition of 0.53 - 0.69% guava 

pectin was necessary.

-  10 -
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2.2. The chemical composition of guava

The chemical composition of the f ru it  depends largely on 

the combined influences of genetic regulatory mechanism and en­

vironmental conditions to which the growing fru its  are subjected 

during the ir development. The post harvest handling can also 

a ffect the chemical composition of the f ru it  (30).

*
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Depending on the  guavas a n a l y s e d ,  d i f f e r e n t  

c o m p o s i t i o n s  have been r e p o r t ed  as shown in t a b l e s  

2, 3, an d 4.

Tab l e  2: The chemica l  com po s i t i o n  of  guava by Benk (3 )  .

Wate r 78 - 83$

T o t a l  suga r 3 - I I  $

P r o t e  i n 0 1 o

F a t 0 .4  - 0.6$

T o t a 1 ac i  d i t y 0.36$

P e c t i n 0.3$

M i ne ra 1 s 0 .2 1 $

Phospha te 1 0 . 9mg/1OOgm

So d i urn 1 .9mg/[00gm

C a 1c i urn 3 . Omg/1OOgm

P o t a s s i  urn 1 4 . 5mg/1OOgm

V i t a m in  C 
( a s c o r b 1c a c i d )

3 5 . 7mg/1OOmg
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Table 3: The chemical composition of guava by Osborn (29)

*Total Sugars 
i nvert

(%)

Mineral Content 

(%)

Soluble Solids 
in °B r ix

Maximum 10.0 0.86 16.3

Minimum 3.30 0.46 6.4

Average 5.71 0.62 9.8

Std. deviation 2.45 0.16 3.8

No. samples 6 6 6

* The sugars were calculated as percent fresh weight.

Table 4: The mineral content of guava by Jacobs (19)

Average 0.7%

Maximum 1.0%

Minimum 0.46%

The acids and sugars, important constituents of the guava, 

are dealt with in the chapters 2.2.1. and 2.2.2.

\

The mineral content of guava as reported by Eenk (3 ), 

Osborn (29), and Jacobs (19) ranges from 0.2 to 1.0%. These 

variation of the mineral content is influenced mostly by the
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variety  and the type of soil on which the fru its  were grown and 

to a lesser extent on the clim atic conditions. The average mine­

ral content reported by Jacobs is 0.7% while Osborn reported 0.62%. 

Both workers found the same minimum content of 0.46%. Benk (3) 

determined a lower mineral content of 0.21%. This is  probably 

due to the above mentioned reasons, and perhaps to the type of 

analytica l method employed.
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2.2.1. Acids

Lodh and Pantastico ( 21 ) found that t itra tab le  a c id ity  in 

guava increased smoothly and rapidly from fru it  set to f ru it  

ripening. Ascorbic acid followed a sim ilar trend. From a 

practical point of view the t itra ta b le  ac id ity  has been used 

as an indicator of the stage of maturity of guava and an objec­

t ive  information re lating  to flavour.

The acid components of the f ru it  impart important proper­

ties  to the food products, being mostly prominent in flavour, 

processing and preservation (8 ). Addition of edible organic 

acids such as c i t r ic ,  malic or fumaric is  commonly employed to 

lower the pH and to influence the flavour.

The presence of a particu lar acid can be used as a c r it e ­

rion of adulteration of f ru it  products. Santini (36) reported 

that Gumarals and Maria de Abreau, working with guava products, 

did not find c it r ic  acid present in the f r u it ,  and they sugges­

ted that th is lack could be used as a test for adulteration of 

je l l ie s ;  the presence of c i t r ic  acid in guava products could 

then be regarded as adulteration. Since in Gumarals and Abreu's 

paper there is  no reference to the ana lytica l method employed 

or to the guava varie ties  used, Santini (36) decided to repeat 

th is  work quan tita tive ly  using d ifferen t varie ties  of guava.

He found c i t r ic  acid to be the predominant polybasic organic 

acid in guava. This has been la te r confirmed (37). Therefore 

its  presence cannot be used as a test for adulteration of 

guava products.
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Santini (36) also found ta rta r ic  acid as well as L-malic acid 

in small amounts in the three varie ties of guava analysed. Chan et a l .

(8) showed the presence of six organic acids, five  of them iden ti­

fied  as la c t ic , malic, c i t r ic ,  ascorbic, and galacturonic acid 

and assumed the presence of ta rta r ic  acid.

I t  is  well known that guava is  an excellent source of ascorbic 

acid ranging well over 50 mg/100 gm (8 ). The peel is  reported to 

contain more ascorbic acid than the flesh (13). Santini (36) re­

ports the total average ascorbic acid including dehydro-ascorbic 

acid in the Dominica Roja Agria variety  of guava as 230 mg/100 mg.

The average ascorbic acid content reported by U lrich  (43) is  300 

mg/100 gm, Benk (3) gives a figure as low as 35 mg/100 gm. El Faki 

and Saeed (12) reports 203 mg/100 gm in the peel and 96 mg/100 gm 

in the pulp of white guavas, and for pink guavas the figures are 

118 mg/100 gm and 49 mg/100 gm respective ly . I t  appears that the 

ascorbic acid content of guavas varies widely not only with the 

varie ty  but also with the orig in of the f ru it .  In determining the 

ascorbic acid content, i t  is advisable to keep in mind that both 

the environmental conditions during growing and the storage condi­

tions a ffec t the content of ascorbic acid in the f ru it .

The ascorbic acid is eas ily  oxidized into dehydro-L-ascorbic 

acid by enzymes when the c e llu la r  structure is  destroyed by mecha­

nical damage, rot or senescence (23). The enzymes that occur in 

f ru it  and which may be responsible for oxidative destruction of

the acid are: ascorbic acid oxidase, pher.olase, cytochrome oxi-
. *

aase and peroxidase. There is  evidence that many fru its  contain 

substances which in h ib it the oxidative a c t iv it ie s  of these enzymes.
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Mapson (23) thinks Somoygi was the f i r s t  who had reported the 

existence of substances which inhibited the oxidation of ascor­

bic acid by phenolase, peroxidase, ascorbic acid oxidase or by 

cupric ion.

Ascorbic acid s ta b il ity  in f ru it  ju ices is reported (23) to 

be due to the presence of polybasic or polyhydroxy acids such as 

c i t r ic  acid and malic acid which are also present in large quan­

t it ie s  in guava ju ice . These acids by v irtue of th e ir  power to 

chelate metal ions reduce the ca ta ly t ic  a c t iv ity  of metals lik e  

copper and iron. Sugars due to their concentration in f ru it  

ju ices and the ir tendency to chelate metal ions may also contri- 

bute to some extent to the s ta b il ity  of the ascorbic acid (23).

As a resu lt of the s ta b il ity  of ascorbic acid in f ru it  

ju ices only small losses are usually encountered during actual 

processing. Thus for example in j e l ly  manufacture the chief 

loss occurs i f  the harvested f ru it  is allowed to become over­

ripe , or i f  damaged by mechanical means and is  held in th is condi­

tion fo r any length of time before processing (23).

Lactic acid is not usually present in f r u it  ju ices . This 

follows from the known fact that la c t ic  acid and succinic acid 

are normally products of alcoholic fermentation. Ryan and 

Dupont (35) found la c t ic  acid in a ll wines examined, but in 

a ll other ju ices investigated they found la c t ic  acid in rasp­

berry only. Chan et a l . (8) identified  la c t ic  acid in guava
♦

by thin layer chromatography and determined its  amount by gas
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liquid chromatography to be in the order of 0.25% for the Beaumont
•**<

varie ty  and 0.012% for wild guavas. The conflicting  reports of 

the presence or absence of la c t ic  acid in ju ices and especia lly 

in guava ju ice  provides an area which s t i l l  requires further 

investigation.

D ifferent chromatographic methods can be used for the quan­

t ita t iv e  determination of acids in foods and food products.

Column chromatography has been applied by Bulen et a l .

(7) for the separation and iden tifica tion  of acids in plant tissues. 

The method reported by Bulen et a l.  (7) uses an in i t ia l  separa­

tion on a s i l ic a  gel column, followed i f  necessary, by additional 

separation on other columns with d ifferen t solvents. One disad­

vantage of the method is  that it  is  very tedious and therefore 

is  seldom used.

The accurate quantitation of acids by paper and thin layer 

chromatography is possible provided precautions are taken. These 

methods are used in laboratories where gas liqu id  chromatography 

which seems to be more re liab le  is  not ava ilab le . Quantitation 

may be done using spot areas measurement, densitometry, or the 

technique of elution (38).

Gas liqu id  chromatography is  the most recent procedure for 

the separation, id en tifica tio n , and quantitation of common f ru it  

sugars and organic acids. The method involves extraction and 

purification  by icn-exchar^e chromatographic procedures. The
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acids are then converted into the ir trim ethy ls ily l derivatives 

for analysis by gas liqu id  chromatography (6, 8, 10, 12, 14, 15, 

16, 17, 31, 35).

I

*
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2.2.2. Sugars

Sugar content of fru its  varies considerably with the soil 

and clim atic conditions during the development of the f ru it .

In addition changes in sugar content can occur before fu ll r ip e ­

ness. Rodrigues et a l . (34) found a decrease in total sugar con­

tent of guava f ru it  during the last ten days of f r u it  matura­

tion . Lodh and Pantastico reported that total and reducing 

sugars increased during growth (21).

The most abundant sugars in fru its  are fructose, glucose 

and sucrose. Sucrose is  the main dissacharide present in fru its . 

Its  concentration is often determined by the differences of the 

reducing sugar content before and a fter inversion. Other sugars 

are rare ly  present, and when they are, only in small amounts.

Of the minor sugars arabinose has been detected in guava (44).

Of the sugar derivatives, unripe guava has been reported 

to contain 0.1% of an unusual sugar ester which completely d is ­

appears as the f ru it  ripens (44). The two cis-hydroxyl group 

attached to carbon-three and-four of the L-arabinose are este- 

r if ie d  with two hexahydroxy-diphenic acid.

The taste of a f ru it  or f ru it  product is greatly determined 

by the balance between sugars and acids. The sugar acid content 

of guava is  therefore of special importance to the consumer and 

the processors. A very high sugar content of fru its  is  usually

-  20 -
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not recommended to processors, as th is could lead tp, browning 

reactions in the f ru it  products.

The determination of the soluble solids content is impor­

tant to the commercial f ru it  processors and has been chosen as 

one of the c r ite r ia  for good guava fru its  and products. Pro­

cessors prefer fru its  with a soluble solids content of 9 - 12% 

(34). Beyond th is the f ru it  is  considered to be too sweet for 

processing. The determination of soluble solids content is also 

important in formulation of d ifferen t products and in blending 

of d ifferen t batches to arrive  at a standardized finished pro­

duct.



22

3. Materials and methods 

3.1. Guava

Three va rie ties  of guava were obtained from the National 

Horticultural Research Station at Thika. Wild guavas were 

bought in the market.

The va rie ties  of guava obtained were as fo llow s:-

Patnangola - white flesh

Marherber - pink flesh

Hawaiin hybrid - ligh t pink flesh

*



I

3.2. Chemicals and materials

Laboratory grade chemicals were a ll purchased from Howse 

and McGeorge Limited, Nairobi, Kenya.

The pecto lytic enzyme, Pectinex, super concentrate, was 

provided by the Schweizerische Ferment AG, Basel, Switzerland.

Amerlite IR - 120 (H) cation resin and Permutit Iso por 

De-Acidite FF-IP(HO) anion resin were both purchased from Howse 

and McGeorge Limited, Nairobi.

Precoated thin layer plates with cellu lose and s i l ic a  gel 

were obtained from Camag, Switzerland.

The acid and sugar standards for thin layer and paper chroma­

tography were purchased from Howse and McGeorge Limited, Nairobi.

The following acid standard were used:

Lactic acid 

Succinic acid 

Malic acid 

Tartaric  acid 

Galacturonic acid 

Ascorbic acid 

C it r ic  acid

-  23 -
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The following sugar standards were used

Glucose 

Fructose 

Sucrose 

Arabi nose
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3 . 3 .  Methods

3 . 3 . 1 .  P r e p a r a t i o n  of  guava j u i c e

The f r u i t s  were washed t h o r o u g h l y  and any i n f e c t e d  

f r u i t s  d i s c a r d e d .  1-4 k i l o g r a m  of  guava f r u i t s  were 

mace ra ted  us ing a wa r ing  b l e n d e r .  The puree  o b t a i n e d  

was s t o r e d  in f rozen  form in p l a s t i c  c o n t a i n e r s  p r i o r  

t o  f u r t h e r  p r o c e s s i n g .  The puree was thawed and 

c o m p l e t e l y  macera ted  us ing a p e c t o i y t i c  enzyme,  P e c t i n e x  

su pe r  c o n c e n t r a t e .  S i n c e  the  y i e l d  was riot o f  major  

impor t ance  in th e s e  e x p e r i m e n t s ,  the amount of  50 grams 

P e c t i n e x  supe r  c o n c e n t r a t e  per  !00 ki lograms recommended 

by th e  m a n u f a c t u r e r  was used.  The m ix t u r e  was s t i r r e d  

in a w a t e r  bath a t  45-55°C f o r  20 - 30 m in u t es .

The p e c t o i y t i c  enzyme h y d r o l s e s  th e  p e c t i c  

s u b s t a n c e s  and r e l e a s e s  the  j u i c e  more eas i  l y .  The h a l f  

c l a r i f i e d  j u i c e  was p res sed  through a cheese  c l o t h  us ing 

a s imp le  s t a i n l e s s  s t e e l  hand o p e r a t e d  p r e s s  ( 2 5 ) .  The 

j u i c e  was s t o r e d  in b o t t l e s  in the  deep f r e e z e r  ( - I 8 ° C ) 

t i l l  f u r t h e r  a n a l y s i s .  For  . the p u r i f i c a t i o n  of  t he  a c i d s  

the  ion - exchange t e c h n i q u e  by H e a r t b e l l  ( 16 ,  17) was

used.
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3 . 3 . 2 .  D e t e r m i n a t i o n  of  a c i d s

pH and t i t r a t a b l e  a c i d i t y

pH measurement  of  the  j u i c e  was c a r r i e d  out  us ing a 

Pye Uni cam Model 290 MK 2 pH meter .

For  the  d e t e r m i n a t i o n  of  t i t r a t a b l e  a c i d i t y  the 

A . O . A . C .  method ( I )  has been used,  t a k i n g  10m I of  j u i c e  

and t i t r a t i n g  w i th  NaOH O. IN  t o  pH 8 .2 .

D e t e r m i n a t i o n  of  v o l a t i l e  a c i d s  —

For  the  d e t e r m i n a t i o n  of v o l a t i l e  a c i d s  the  method

of  the  I n t e r n a t ion a I F e d e r a t i o n  of  F r u i t  J u i c e  P r o d u c e r s

was used ( 1 8 ) .

D e t e r m i n a t i o n  of  t he  n o n - v o l a t i l e  o r g a n i c  a c i d s

P r e l i m i n a r y  ex p e r i m en ts  showed the paper  

chromatography  to  be b e t t e r  in o r g a n i c  a c i d  i d e n t i f i c a t i o n .  

T h e r e f o r e  the  f i n a l  ex p e r im en ts  were done us ing paper  

ch romatog rap h y .

1
The method used was a c c o r d i n g  t o  (8 )  and ( 3 3 ) .  The 

s o l v e n t  chosen f o r  deve lopment  was as f o l l o w s :  benzy l  

a l c o h o l :  t e r t .  b u t y l  a l c o h o l :  i s o p r o p y l  a l c o h o l :  f o r m i c  

a c i d :  wa te r  ( B . B . I . F . W . ) ,  (28 :  8: 8: I :  8 v / v ) .

.
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Tab le  5 shows the  methods used f o r  quar>4i t a t i  ve 

d e t e r m i n a t i o n  of  f i v e  a c i d s .

Ta b l e  5: Methods used f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  of 

f i ve a c i d s .

Ac id s Q u a n t i t a t i v e  method 
of d e t e r m i n a t i o n

R e f e r e n c e s

C i t r i c  a c i d Paper  ch romatography (8 ,  33)

M a l i c  a c i d I t  M ( 8 ,  33)

T a r t a r i c  a c i d paper  chromatography (8 ,  33)

& chemi ca l  a n a l y s i s ( 1 8)

La c t  i c a c i d chemica l  a n a l y s i s ( 18)

Ascorb i c a c i d chemica l  a n a l y s i s (2 )

The c o n c e n t r a t i o n  of t h e  r e f e r e n c e  a c i d s  used ranged 

from Img/IOOml - 9mg/IOOml. The descend ing  t e c h n i q u e  was 

used f o r  deve lopment .

The a c i d  spo t s  were l o c a t e d  us ing  bromocreso I green 

0.4gm in 100m I of  95$ ae than o l  s o l u t i o n  a d j u s t e d  to 

pH 5.5 us ing  0.1 N NaOH.

Three a c i d s  which appeared  in abundance ,  c i t r i c ,  m a l i c

and t a r t a r i c ,  were then q u a n t i t a t i v e l y  de te rm ined  us ing  spot
*

a re a  measurement  on the  paper  chromatog r ams.
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A f t e r  the  a c i d s  had been l oca ted  on the paper  

chromatogram,  the  a r e a  of t he  spo t s  was de te rm ined  by 

l a y i n g  a sh e e t  of t r a n s p a r e n t  paper  on the  chromatogram 

t r a c i n g  the  o u t l i n e  of  t he  s p o t s ,  and measur ing  the a rea  

of t he  drawing by sup e r- impos ing  the  t r a c i n g s  on 

mi I l i m e t e r  graph pap e rs .

A s t a n d a r d  cu r v e  was drawn f o r  each a c i d  by 

p l o t t i n g  a r e a s  ve r su s  c o n c e n t r a t i o n s  and the sample 

c o n c e n t r a t i o n  read from the  c u r v e .

L a c t i c  a c i d  and t a r t a r i c  a c i d  were de te rm ined  

us ing  the methods of  the I n t e r n a t i o n a l  F e d e r a t i o n  of 

F r u i t  J u i c e  P r o d u c e r s  ( 1 8 ) .

The method d e s c r i b e d  by B a r a k a t  e t  a I . ( 2 )  was 

used f o r  the d e t e r m i n a t i o n  of  t he  a s c o r b i c  a c i d .  Th is  

method was p r e f e r r e d  to the  method which uses 

d i c h I o r o p h e n o I  i ndophenol  because  the  end p o i n t  was 

e a s i e r  t o  de te rm ine  e s p e c i a l l y  w i th  the  Marhebe r  and 

the  Haw a i i n  h y b r i d  v a r i e t i e s .

*
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3 . 3 . 3 .  Pe t e  rrn i n a t  i on o f sugar s

The s o l u b l e  s o l i d s  co n t e n t s  exp ressed  as 

° B r i x  were de te rm ined  us ing a hand r e f r a c t o m e t e r , 

( K i k u c h i  Tokyo.  No. 75027) W . S . R .  The i n v e r t  sugar s  

and t o t a l  sugar s  were dete rmined a c c o r d i n g  to  

R e n t s c h l e r  and Tanne r  ( 3 3 ) .  The paper  c h ro m a t o g r a p h i c  

method of  R e n t s c h l e r  and Tanne r  (33)  was used f o r  

q u a l i t a t i v e  d e t e r m i n a t i o n  of  sugar s  but the  f o l l o w i n g  

s o l v e n t  f o r  deve lopment  was p r e f e r r e d .

n - b u t a n o l :  p y r i d i n e :  w a t e r  (75:  15: 10 v / v ) .

The l o c a t i o n  r e a g e n t  was 3gm p - a n i s i d i n e  h y d r o c h l o r i d e  

in 95ml n-butano l  and 5ml water ' .

The s t a n d a r d  m ix t u re  c o n s i s t e d  of  g l u c o s e ,  

f r u c t o s e ,  a r a b i n o s e  and s u c r o s e .

3 . 3 . 4 .  D e t e r m i n a t i o n  of  m in e r a l  c o n t e n t s

The m i n e r a l  c o n t e n t  was dete rm ined as ash us ing 

the  A . O . A . C .  method ( I ) .

*
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4. R e s u l t s  and D i s c u ss i o n

4 . 1 .  A c i d i t y

Below in Ta b l e  6 are  th e  r e s u l t s  o f  t he  a n a l y s i s  

f o r  a c i d i t y  exp r ess ed  as pH and the t i t r a t a b l e  a c i d i t y  

c a l c u l a t e d  as c i t r i c  a c i d .  The v o l a t i l e  a c i d s  were 

c a l c u l a t e d  as a c e t i c  a c i d .  The a n a l y s i s  were done 

us ing  u n c l a r i f i e d  j u i c e .

Ta b l e  6:  The a c i d i t y  exp r ess ed  as pH, + i t r a t a b l e  a c i d i t y , 

v o l a t i l e  a c i d s .

V a r i e t i e s PH T i t  r a t a b 1e a c i d i t y  
( c a 1c u 1a ted  as 

c i t r i c  a c i d )

V o l a t i l e  a c i d s  
( c a l c u l a t e d  as 
a c e t  i c ac i  d)

Haw a i in 
hyb r i d

3.6 1 .49 g/100m1 24mg/100m1

P in k
guava

3.6 1. 1 5 g/ ! 00m1 34mg/100m1

Wh i t e  
guava

3.7 0.45 g/100m1 60mg/100m1

The f i g u r e s  a re  the  av e rage  o f  f o u r  samples  a n a l y s e d  
per  v a r i e t y .

£H

The pH of  the  t h r e e  v a r i e t i e s  a r e  a lm o s t  the  same. 

These v a l u e s  have to  be expec ted  s i n c e  the  pH of  most 

f r u i t  j u i c e s  u s u a l l y  ranges between 2 - 4 .

♦
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Ti t r a + a b l e  a c i  di t y  ■ ■ —— —
The r e s u l t s  in Tab l e  6 show the  w h i t e  guava has the 

l owes t  t i t r a t a b l e  a c i d i t y .  The Hawa i i n  h y b r i d  has the 

h i g h e s t  p e r c e n t a g e  of  t i t r a t a b l e  a c i d i t y .  The w h i t e  

guava i s  t he  l e a s t  sou r  and the  Hawa i i n  h y b r i d  c o n s i d e r e d  

most s o u r .

In the  l i t e r a t u r e  av e r a ge  t i t r a t a b l e  a c i d i t y  f o r  

guava has been quoted 0 . 8 7 % c a l c u l a t e d  as c i t r i c  a c i d  

( 4 3 ) .  S i n c e  t i t r a t a b l e  a c i d i t y  changes w i t h  g row th ,  i t  

i s  not  easy  to  de te rm ine  a d e f i n i t e  f i g u r e .  Some 

i n v e s t i g a t o r s  (43)  have proposed t i t r a t a b l e  a c i d i t y  to  

be used as an index of  m a t u r i t y .  I t  i s  t r u e  t h a t  

t i t r a t a b l e  a c i d i t y  may g i v e  some i n f o r m a t i o n  c o n c e r n i n g  

the  s t ag e  of  m a t u r i t y ,  but i t  seems i m po r t an t  t o  have a 

b e t t e r  knowledge of  t he  d i f f e r e n t  a c i d s  a c t u a l l y  p r e s e n t  

in the  f r u i t s .  I t  would appear  from t h e s e  r e s u l t s  t h a t  

guavas growing in Kenya have r e l a t i v e l y  high a c i d  

c o n t e n t .  That  e x p l a i n s  why i t  was n e c e s s a r y  to  add sug a r  

to  th e  j u i c e  made in our  l a b o r a t o r y  from p ink  guavas in 

o r d e r  t o  have an a c c e p t a b l e  p ro du c t  and to  r educe the  

sour  t a s t e .  I t  i s  a l s o  r emarkab l e  t h a t  the  t h r e e  v a r i e t i e s  

t a s t e  d i f f e r e n t l y  so u r .

V o l a t i l e  a c i d s

In Tab l e  6 the  v o l a t i l e  a c i d  c o n t e n t  of  t he  t h r e e  

v a r i e t i e s  a r e  a l s o  giveiT.  The r e s u l t s  show t h a t  w h i t e
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guava has the  h i g h e s t  v o l a t i l e  a c i d  c o n t e n t ,  f o l l o w e d  by 

the p ink  guava ,  t he  Hawa i i n  h y b r i d  hav ing  the  l owest  

c o n c e n t r a t i o n .  The above r e s u l t s  cou ld  be due to  h i g h e r  

suga r  c o n t e n t  in w h i t e  guava ,  as the  immediate p r e c u r s o r s  

of  o r g a n i c  a c i d s  are  in g en e r a l  o t h e r  o r g a n i c  a c i d s  or  

sugar s  ( 4 3 ) .  Two common v o l a t i l e  a c i d s  of  f r u i t s  though 

p r e s e n t  a t  low c o n c e n t r a t i o n  a re  a c e t i c  a c i d  and fo r m ic  

a c i d  ( 43) .

Very  few r e p o r t s  a r e  a v a i l a b l e  on the  v o l a t i l e  

c o n s t i t u e n t s  of  guava ( 4 2 ) .  I t  would t h e r e f o r e  appear  

v e r y  i n t e r e s t i n g  and d e s i r a b l e  to  i n v e s t i g a t e  the  guava 

f l a v o u r ,  s i n c e  i t  seems to  make t h i s  f r u i t  and i t s  

p ro du c t s  so a p p e a l i n g .

P r e s e n t e d  in f i g .  2 i s  t he  paper  chromatogram of 

o r g a n i c  a c i d s  found in the guava j u i c e  and the  o r g a n i c  

a c i d  s t a n d a r d s  used.

I - 7 r e p r e s e n t  the  s t a n d a r d  a c i d s  used;  a s c o r b i c  

a c i d ,  s u c c i n i c  a c i d ,  g a l a c t u r o n i c  a c i d ,  l a c t i c  a c i d ,  

t a r t a r i c  a c i d ,  m a l i c  a c i d ,  and c i t r i c  ac id> 8 r e p r e s e n t  

the  guava j  u i c e .
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F i g .  2

P ape r  Chromatogram of  O r g a n i c  Ac ids

f TQ.n.t 
L ine

h !
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Base
L i ne
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i
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I
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Ta b le  7 shows the  Rf  v a l u e s  X 100 of  th e  non­

v o l a t i l e  o r g a n i c  a c i d s .  The o r g a n i c  a c i d s  were deve loped 

on B . B . I . F . W .  us ing  the  descend ing  t e c h n i q u e .

T a b l e  7: Rf  v a l u e s  (X  100) of  n o n - v o l a t i l e  o r g a n i c  a c i d s  

_____________________________ ( P a p e r  Chromatogram)_______________________

Organ i c a c i d s Stan dard organ i c 
a c i d s

P in k  guava j u i c e

Unknown 1 - 0
(does  not  move)

G a 1ac tu  ron i c 
ac i  d

20.3 19.7

T a r t a r i c  a c i d 40.9 36.7

Ascorb i c a c i d 43.9 40.6

Unknown 2 - 45.3

C i t r i c  a c i d 55.7 54.3

M a l i c  ac i  d 63.4 60.6

L a c t i  c ac i  d 76 -

S u c c i n i c  a c i d oo o o -
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During the prel lmi nary experiments i t  has been ..found that 

paper chromatography was better for organic acid iden tifica tion  

compared to the thin layer chromatography.

The following five  acids were identified  on both plate and 

paper, galacturonic acid, ta rta r ic  acid, ascorbic acid, c i t r ic  

acid and malic acid.

Two unknowns, 1 and 2, were also observed. Unknown 1 did 

not move and gave a blue colour with the location reagent.

These are possibly basic compounds of guava ju ice , since basic 

compounds give blue colour with bromocresol green reagent (28). 

The blue spot appeared both on paper and thin layer chromato­

gram.

UNIVERSITY OF NAIROBI 
LIBRARY
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P r e s e n t e d  in f i g .  3, 4, and 5 a r e  the  s t a n d a rd  

c u r v e s  f o r  t h r e e  n o n - v o l a t i l e  o r g a n i c  a c i d s :  c i t r i c ,  

m a l i c ,  and t a r t a r i c .

♦
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Fig. S. STANDARD CURVE FOR MALIC ACID

Scale 20cm=lmg/ml

20cm=100sq. mm.
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FIG". 4 STANDARD CURVE FOR TARTARIC ACID

♦



AR
EA

 I
N 

mm

- 3 9 - '

F IG . 6 STANDARD CURVE FOR CITRIC ACID



P r e s e n t e d  in Tab l e  8 a re  the  concentra 'T  i on of  

t h r e e  n o n - v o l a t i l e  o r g a n i c  a c i d  in guava j u i c e ,  

o b t a i n e d  by us ing  paper  ch romatography .  The r e s u l t s  

a r e  an a v e r a g e  o f  f ou r  samples  an a l yz e d  and a r e  

c a l c u l a t e d  in mg/IOOml.

T a b l e  8: C o n c e n t r a t i o n  of  t h r e e  major  o r g a n i c  a c i d s  

in guava j u i c e  ( p a p e r  ch romatography )

-• 40 -

V a r i e t i e s C i t r i c  Ac id Tartaric 
Acid !

Malic Acid

Haw a i i n  Hybr i d 805mg/100m1 355mg/100m1 355mg/100m1

P i n k  Gua va 440mg/100m1 1 20mg/100m1 1 05mg/100m I

Whi+e Guava 5 30mg/100m1 5 1 5mg/100m1 175/100m1

The r e s u l t s  in Ta b l e  8 shows c i t r i c  a c i d  to  be the  

major  n o n - v o l a t i l e  o r g a n i c  a c i d  of  t he  t h r e e  v a r i e t i e s ,V
Hawai in h y b r i d  had the  h i g h e s t  c o n t e n t  o f  c i t r i c ,  m a l i c  

and t a r t a r i c  a c i d  f o l l o w e d  by wh i t e  guava and l a s t l y  

p in k  guava.  T h i s  was not  in agreement  w i t h  the  t i t r a t a -  

b l e  a c i d i t y ,  where w h i t e  guava had the  l owes t  c o n t e n t .  

The above f i n d i n g  may be due t o  the  h igh m in e ra l  co n t e n t



o f  w h i t e  guava .

The f o l l o w i n g  Tabl e 9 shows the  c o n c e n t r a t i o n  of  

t a r t a r i c  a c i d  in guava j u i c e  o b t a i n e d  us ing  a chemica l  

method from I n t e r n a t i o n a l  F e d e r a t i o n  of F r u i t  J u i c e  

P ro d u c e r s  ( 1 8 ) .  The method a p p l i e d  i s  m os t l y  used in 

a n a l y s i n g  t a r t a r i c  a c i d  in g r a p e s .

Tab l e  9: T a r t a r i c  a c i d  in guava

V a r i e t i e s C o n c e n t r a t i o n  mg/100m1

Hawa i i n Hy b r id 3 1 Omg/100m1

P in k  Guava 201 mg/100m1

Wh i te  Guava 329mg/100m1

The above r e s u l t s  a r e  the  a v e r a g e  of  f ou r  

samples  a n a l y s e d  per  v a r i e t i e s .
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The c o n c e n t r a t i o n  of  t a r t a r i c  a c i d  in th’e t h r e e  

v a r i e t i e s  of  guava examined and p r e s e n t e d  in Ta b l e  9 i s  

more or l es s  equa l  in the two guava v a r i e t i e s ,  Hawa i i n  

h y b r i d  and w h i t e  guava.  T a r t a r i c  a c i d  i s  t h e r e f o r e  not  

a major  a c i d  in guava .  I t  i s  c l e a r  thaT  c i t r i c  and malic- 

a c i d s  form the  major  a c i d s  of  t he  guava v a r i e t i e s  a n a l y s e d  

in t h i s  work.  T a r t a r i c  a c i d  i s  r e p o r t e d  to  be uncommon in 

many f r u i t s  but i s  c h a r a c t e r i s t i c  of  g ra p es ,  but  i t  has 

been found in r a s p b e r r y  and in avocado ( 4 3 ) .

S a n t i n i  (36)  found t a r t a r i c  a c i d  in 

of  guava Domnica B l a n c a  A g r i ,  and P u e r t o  

The a c i d  was a l s o  found p r e s e n t  in smal l  

Ch an e t  a I . ( 8) .

two v a r i e t i e s  

Ri co Rosan d a . 

amounts by

T a r t a r i c  a c i d  c o n t e n t  q u a n t i f i e d  by paper  and 

chemica l  a n a l y s i s  was in agreement  in the  Hawa i i n  h y b r i d  

o n l y .  T h i s  cou ld  a l s o  be due to  the  f a c t  t h a t  the 

chemica l  method of  a n a l y s i s  used in t h i s  s tudy  i s  

apI  I i ed to  g rapes .

Chan e t  a l .  ( 8 )  us ing gas l i q u i d  chromatography  

r e p o r t e d  the  c o n t e n t s  of  c i t r i c  and m a l i c  a c i d s  to  be 

532mg/l00gm and 469mg/IOOgm r e s p e c t i v e l y  in Beaumont 

guava ,  54lmg/IOOgm and I82mg/I00gm in w i l d  guava .

*
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Comparing t h e s e  f i g u r e s  w i th  t ho se  in Ta b l e  8 i t  does 

show t h a t  c o n c e n t r a t i o n  measured us ing paper  chromatogram 

i s  p o s s i b l e  to  a high deg ree ,  p r o v i d e d  p r e c a u t i o n s  a re  

t aken  .

L a c t i c  a c i d

No l a c t i c  a c i d  was found on a n a l y s i s  of Kenya guava 

j u i c e .  T h i s  i s  in agreement  w i t h  Amer ine and Cruess  

r e p o r t e d  by Ryan ( 3 5 ) ,  t h a t  l a c t i c  a c i d  and s u c c i n i c  

a c i d  are  p r o d u c t s  of  a l c o h o l i c  f e r m e n t a t i o n  and not  

u s u a l l y  p r e s e n t  in f r e s h  f r u i t  j u i c e s .

■

However ,  Chan e t  a t .  ( 8 )  r e p o r t e d  the p r ese nce  of  

l a c t i c  a c i d  in guava .  They i d e n t i f i e d  the  a c i d  us ing  

t h i n  l a y e r  ch romatography .  I t  i s  p o s s i b l e  t h a t  the  

p re s e nc e  of  o v e r  r i p e  guavas in t h a t  cons ignment  may 

be r e s p o n s i b l e  f o r  the  low co n t e n t  r e p o r t e d  

(12 - 25mg/ IOOgm) .

■



Table  10 shows the r e s u l t s  of the a s co rb ic  a c id

c o n t e n t  in whole  guava j u i c e  o b t a i n e d  by enzyme method 

and the a s c o r b i c  a c i d  con te n t  of  p a r t s  of  t he  f r u i t ;  

peel  and pulp of  un r ip e  and r i p e  guava f r u i t .  The 

a n a l y s i s  were done on f r e s h  m a t e r i a l .

Ta b l e  10. A s c o r b i c  a c i d  c o n t e n t  of  p ink  and w h i t e  guava

P i n k  gu av a W h i t e  g u a v a

" W h o l e  g u a v a  f r u i t  
t r e a t e d  w i t h  p e c t i n e x

3 9 . 5mg
*

5 9 . 3mg

R i p e  g u a v a  p e e l 8 6 . 5mg * * 1 7 3 . Omg**

R i p e  gua va p u l p 3 7 . Omg * * * *
3 7 . Omg

U n r i p e  g u a v a  p e e l 12 3 . 5mg * *
* *

1 9 6 . Omg

U n r i p e  g u a v a  p u l p 7 4 . Omg * * 8 6 . 5mg**

it
The j u i c e  used was made from f r e s h  whole guava 
f r u i t .

*
In mg/I 00m I of  j u i c e

* *
a r e  in mg/IOOgm of f r e s h  m a t e r i a l .
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I t  i s  p o s s i b l e  t h a t  du r ing  the  j u i c e  e x t r a c t i o n ,  

i f  no t  enough c a r e  i s  t a k e n ,  some a s c o r b i c  a c i d  may be 

l o s t .  The j u i c e  of  t he  w h i t e  guava shows a h i g h e r  

c o n t e n t  of  a s c o r b i c  a c i d  i n c l u d i n g  the  peel  and pulp 

on both r i p e  and u n r i p e  guava.  These r e s u l t s  co n f i r m  

t hos e  of  E l  Faki  and Saeed ( 1 2 ) .

In compar ing the  a s c o r b i c  a c i d  c o n i e n t  of  t he  

pee l  and the pulp the  peel  i s  found to have a h i g h e r  

c o n t e n t  than the  p u lp ,  which i s  in agreement  w i th  

o t h e r  r e p o r t s  ( 12 ,  30 ) .  From th es e  r e s u l t s  i t  can be 

s a i d  t h a t  the p e e l i n g  o f  guava would be d e t r i m e n t a l  to  

the  n u t r i t i o n a l  v a l u e  of  the  d e r i v e d  p r o d u c t s .

The a s c o r b i c  a c i d  i s  a l s o  found to  be h i g h e r  in 

u n r i p e  guava f r u i t s  than in r i p e  ones .  Th i s  change of  

t he  a s c o r b i c  a c i d  c o n t e n t  i s  accompanied w i th  changes 

of  t he  t o t a l  a c i d i t y  of  f r u i t s .

The r e s u l t s  in Tab l e  10 i n d i c a t e  t h a t  the w h i t e  

guava has a h i g h e r  a s c o r b i c  a c i d  c o n t e n t  than the p ink  

guava .  The r e s u l t s  a l s o  co n f i r m  the  h igh a s c o r b i c  

a c i d  c o n t e n t  of guava which ranges we I I o v e r  50mg/l00gm 

of  f r e s h  whole f r u i t  ( 8 ) .
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I t  shou ld  be kept  in mind on c o m p a r i s o n ' o f  

d i f f e r e n t  guava f r u i t s  t h a t  the v a r i e t i e s  and the  

e n v i r o n m e n t a l  c o n d i t i o n s  du r ing  growth a f f e c t  the  

a s c o r b i c  a c i d  c o n t e n t  t o  a g r e a t e r  o r  l e s s e r  e x t e n t .

4 . 2 .  S uga rs

P r e s e n t e d  in Tab l e  I I  a r e  th e  sug a r  c o n t e n t  

a n a l y s i s  of  t h e  t h r e e  guava v a r i e t i e s .
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T a b l e  I I :  Sugar  Co n t en t  of  Guava J u i c e

V a r i e t i e s T o t a l  suga r s Reduc ing  sugar s S uc rose S o l u b l e  s o l i d s  
( ° B r  i x)

Hawa i i n h y b r i d 3 . 60gm/100m1 2. 16gm/100m I 1 . 36gm/100m1 9. 1

P in k  guava 2 . 80gm/100m1 1 .97gm/l00ml 0.7 8gm/100m1 10. 1

Whi t e  guava 4 . 38gm/100m1 2.69 gm/i00m1 I . 60gm/100m1 1 4

The above r e s u l t s  a re  a v e r a ge  o f  t he  a n a l y s i s  of  f o u r  samples  f o r  each v a r i e t y .
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Ta b le  I I  shows the  r e s u l t s  f o r  the a n a l y s i s  f o r  

t o t a l  s u g a r s ,  r ed uc in g  s u g a r s ,  s uc ro s e  and s o l u b l e  

s o l i d s  c o n t e n t  of the t h r e e  v a r i e t i e s  of  Kenya guavas .  

The su c ro s e  c o n t e n t  was not  d i r e c t l y  a n a l y s e d  but 

d e r i v e d  from the  t o t a l  suga r  c o n t e n t  and r e d u c i n g  sug a r  

c o n t e n t .  The t o t a l  sugar  was measured a f t e r  i n v e r s i o n  

as ment ioned in 3 . 3 . 3 .  ( 3 3 ) .

The r e s u l t s  in Tab l e  I I  shows the  w h i t e  guava had 

a h i g h e r  t o t a l  suga r  c o n t e n t  f o l l o w e d  by Hawa i i n  h y b r i d  

and p ink  guava .  The t o t a l  sugar  c o n t e n t  of  many f r u i t s  

l i e s  in the  r eg ion  of 5 - 10$ ( 4 3 ) .  Many d e t e r m i n a t i o n s  

on t o t a l  sugar s  and indeed many r e c e n t  ones have been 

done by measur ing  t o t a l  r educ ing  suga r s  a f t e r  i n v e r s i o n .

Sugar  c o n t e n t  as s t a t e d  e a r l i e r  in the l i t e r a t u r e  

r ev i e w  may va r y  c o n s i d r a b l y  w i th  the  k ind  of  s o i l  and 

c l i m a t i c  c o n d i t i o n s  dur ing  th e  deve lopment  of  t he  f r u i t  

( 4 3 ) .  In a d d i t i o n  changes of  suga r  do o cc u r  between 

h a r v e s t i n g  and f u l l  r i p e n e s s .

The r ed uc in g  suga r  r e s u l t s  showed w h i t e  guava h a d ’ 

a h i g h e r  c o n t e n t  of  r educ ing  su g a r  compared to  the o t h e r  

v a r i e t i e s .

♦
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The c o n t e n t  of  t h e  r ed uc in g  suga r s  i s  a measure of  t he  

t o t a l  m ons accha r ide  w h i l e  s u c ro s e  a non- red uc ing  s u g a r ,  

i s  a lmost  i n v a r i a b l y  the  major  d i s a c c h a r i d e .

Wh i t e  guava i s  obser ved  to  have a h i g h e r  c o n t e n t  

of  s o l u b l e  s o l i d s ,  which i s  due t o  the  high c o n t e n t  of 

su g a r  in w h i t e  guava.  From p r o c e s s o r s  p o i n t  of  v i e w ,  

w h i t e  guava would be c o n s i d e r e d  too  sweet  f o r  

p r o ce ss  i n g .

As ment ioned e a r l i e r  in th e  l i t e r a t u r e  r e v i e w ,  

the  d e t e r m i n a t i o n  of  s o l u b l e  s o l i d s  i s  im po r t an t  to  

the  commerc ia l  f r u i t  p r o c e s s o r s  in a s s e s s i n g  guava 

f r u i t s  and the  d e r i v e d  p r o d u c t s ,  and a l s o  in p ro d u c t  

f o r m u l a t i o n .

The h igh con+ent  of suga r  in f r u i t s  and t h e i r  

p ro du c t s  a re  not  u s u a l l y  recommended, as i t  may lead to 

browning r e a c t i o n  and lower  the q u a l i t y .  T h e r e f o r e ,  the 

d e t e r m i n a t i o n  of  s o l u b l e  s o l i d s  in f r u i t s  and t h e i r  

p ro du c t s  i s  a v e r y  im po r t an t  c r i t e r i o n  in the 

comme r c  i a I f i e l d .
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Tab le  12 shows the  R f .  v a l u e s  X100 of  t h r e e  s u g a r s ;»
s u c r o s e ,  g l u c o s e  and f r u c t o s e  i d e n t i f i e d  us ing paper  

ch romatog r a p h y .

T a b l e  12: R f .  ( X I 0 0 )  o f  f o u r  sugar s  in guava 

____________________ ( P a p e r  Ch romatogram)______________

Sugar S t and a rd Guava

S u c r o se 25 26

G 1ucose 30 3 1

F r u c t o s e 37 38

*Arab inose 38 -

* A r a b in o s e  r e a c t e d  d i f f e r e n t l y  t o  the  s p r a y i n g  

r e a g e n t  g i v i n g  a p ink  spot  whi le t he  o t h e r  suga r s  

showed brown s p o t s .  For  t h i s  r e a s o n ,  the  s t a n d a r d  

cou ld  not  be i d e n t i f i e d  to  one of  t he  spo t s  

r e s u l t i n g  from the  j u i c e .



Front
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Paper  Chromatogram of  Sugar s  in Guava J u i c e



52

In guava j  u i ce, g I ucose , f r u c t o s e ,  and s u c r o s e  

a r e  d e f i n i t e l y  p r e s e n t .  Though o t h e r s  (43)  have 

i d e n t i f i e d  a r a b i n o s e  i t s  p r ese nce  cou ld  not be 

c o n f i r m e d ,  as i t  may be p r e s e n t  in a ve r y  low 

con cen t  r a t  i o n .



4 .3 . M i n e r a l  m a t t e r

Tab l e  13 shows the  r e s u l t s  o b t a i n e d  in guava m ine ra l  

c o n t e n t  a n a l y s i s .  I n d i v i d u a l  m i n e r a l s  were no t  a n a l y z e d .

Ta b l e  13: M i n e r a l  c o n t e n t  of  t h r e e  guava v a r i e t i e s

V a r i e t i e s Mi ne r a 1 Con ten t

Hawa i i n h y b r i d 0 . 62gm/100m1

P i n k  guava 0 . 38gm/100m1

Wh i t e  guava 0 . 6 1 g m/100m1

The above r e s u l t s  a re  a v e r a g e s  of  t h e  a n a l y s i s  

of  f ou r  samples  f o r  each v a r i e t y .

The m i ne r a l  c o n t e n t  of  guava as in ve r y  many f r u i t s  

i s  n u t r i t i o n a l l y  v a l u a b l e ,  s i n c e  the  m i n e r a l s  f u n c t i o n  as 

both b u i l d i n g  m a t t e r  and r e g u l a t o r y  s u b s t a n c e s  in the  

body.  The i m p o r t a n t  m i n e r a l s  in guava a r e  as f o l l o w s :  

C a l c i u m ,  P o t a s s i u m ,  Sodium and Ph ospha t e .  ( 3 ) .



54

Ca l c ium has two im po r t an t  f u n c t i o n s  in the  body:  t o  he lp  

b u i l d  bones and t e e t h  and to  r e g u l a t e  ce r1 a i n'~ bo dy 

p r o c e s s e s .  P ho sp ha te ,  t o g e t h e r  w i t h  o r g a n i c  m a t e r i a l s  

forms s t r u c t u r a l  u n i t s  in e v e r y  body c e l l  and f u n c t i o n s  

in a lmost  e v e r y  a s p e c t  of  metabo l i sm.  Sodium be ing  a 

ma jor  component of  e x t r a  c e l l u l a r  f l u i d  h e lp s  to  

m a i n t a i n  o sm ot i c  p r e s s u r e .  L i k e  sodium,  po tass ium 

he lps  t o  m a i n t a i n  osmot i c  p r e s s u r e  and the a c i d - b a s e  

b a l a n c e .  The a t t r i b u t e s  of the  m in e r a l  c o n t e n t  f o r  the  

body t h e r e f o r e  w a r r a n t s  the a n a l y s i s  f o r  the  m in e ra l  

c o n t e n t  in guava

The m in e r a l  c o n t e n t  of  guavas l i e s  between 0 .38 - 

0.62$ as shown in Tab l e  I3 ,  but  the  r e s u l t s  a r e  governed 

mos t l y  by the  t y p e  of  en v i r o n m e n t a l  c o n d i t i o n  on which 

the  f r u i t  i s  grown and perhaps  to  a l e s s e r  e x t e n t  on the  

c l i m a t i c  c o n d i t i o n .  In the l i t e r a t u r e ,  as s t a t e d

e a r l i e r ,  the  m i ne r a l  c o n t e n t  of  guava l i e s  between 

0.2$ - I $ ( 3 ,  I 9,  2 9 ) .
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5 . CONCLUS 1 ON

Three v a r i e t i e s  of guava which grow in Kenya 

were a n a l y s e d  f o r  t h e i r  chemica l  c h a r a c t e r i s t i c s  such 

as a c i d s ,  s u g a r s ,  and m in e ra l  c o n t e n t .

The pH was the  same f o r  the t h r e e  v a r i e t i e s .  

T i t r a t a b l e  a c i d i t y  was high in Hawa i i n  n y b r i d  and p ink  

guava but  lower  in wh i te  guava.  The r e s u l t s  showed 

t h a t  Kenya guavas are  r e l a t i v e l y  s o u r ,  and would need 

the  a d d i t i o n  of  sugar  in the j u i c e  f o r  t a s t e  a c c e p t a n c e .  

Some worker s  have a t tempted  to  a s s e s s  the  s t ag e  o f  

m a t u r i t y  in terms of  a c i d i t y ,  a l t hough  t h i s  f a c t o r  i s  

not  u s u a l l y  c o n s t a n t .  For  t h i s  work,  r i p e  guavas were 

used and t h e r e f o r e  the  a c i d i t y  was not  c o n s i d e r e d  as a 

m a t u r i t y  c r i t e r i o n .

Guava i s  one of  the f r u i t s  w i th  a ve r y  n i c e  

a p p e a l i n g  f l a v o u r ,  and s i n c e  f l a v o u r  i s  foundamenta I I y 

the b a l a n ce  between a c i d / s u g a r  r a t i o  and v o l a t i l e  

c o n s t i t u e n t s ,  t hes e  c h a r a c t e r i s t i c s  dese r ved  s p e c i a l  

a t t e n t i  o n .

Of the  t h r e e  v a r i e t i e s ,  the w h i t e  guava had 

the  h i g h e s t  v o l a t i  le a c i d  c o n t e n t .  Very  few r e p o r t s  

a r e  ava i  l a b l e  on t h i s  t o p i c .  I t  would t h e r e f o r e
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appear  d e s i r a b l e  t o  i n v e s t i g a t e  f u r t h e r  the  guava aroma.

Of the  i n d i v i d u a l  a c i d s  i d e n t i f i e d ,  c i t r i c  a c i d  

has been co n f i r m e d  to  be the  major  n o n - v o l a t i l e  o r g a n i c  

a c i d  f o l l o w e d  by m a l i c  a c i d ,  and t a r t a r i c  a c i d .  The 

Hawa i i n  h y b r i d  had the h i g h e s t  c o n t e n t  of  t he  t h r e e  a c i d s ,  

f o l l o w e d  by the  w h i t e  guava and p ink  guava r e s p e c t i v e l y .  

T h i s  was not  in agreement  w i th  the  t i t r a t a b i e  a c i d i t y  

where w h i t e  guava had the  l owest  c o n t e n t .  The above 

f i n d i n g  may be due to  the  high m in e ra l  c o n t e n t  of  w h i t e  

guava and to  the p o s s i b l e  s a l t  f o rm a t i on  between a c i d s  

and c a t i o n s .  L a c t i c  a c i d  which has been r e p o r t e d  by 

o t h e r  wo rke r s  was not  p r e s e n t .

An i m p o r t a n t  a t t r i b u t e  of guava i s  t he  high 

c o n t e n t  of  a s c o r b i c  a c i d .  Guava w i l l  become more and 

more i m po r t an t  as the  p u b l i c  l e a r n s  t o  a p p r e c i a t e  the 

h igh v a l u e  of  guava p ro du c t s  in s u p p l y i n g  t h i s  e s s e n t i a l  

v i t a m i n .  From the  t h r e e  v a r i e t i e s ,  w h i t e  guava would be 

recommended f o r  p r o c e s s i n g  due t o  the h i g h e s t  v i t a m i n  C 

c o n t e n t .

A s c o r b i c  a c i d  was found in h i g h e r  c o n c e n t r a t i o n  in 

the  peel  than in the pu lp .  I t  i s  t h e r e f o r e  a d v i s a b l e  not  

t o  remove the  peel  du r ing  p r o c e s s i n g ,  and a t  t h e  same 

t ime  e l i m i n a t e  the  probl em o f  wa s t e .
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The sugar  c o n t e n t  of guava was a l s o  o f . - spec i a l  

i n t e r e s t .  Wh i t e  guava had the  h i g h e s t  c o n t e n t  o t  t o t a l  

and r ed uc in g  s u g a r s .  Wh i t e  guava would t h e r e f o r e  be 

c o n s i d e r e d  as a c c e p t a b l e  to  the  t a s t e  when consumed 

f r e s h .  On the  o t h e r  hand,  t he y  a re  not  a c c e p t a b l e  f o r  

p r o c e s s i n g  as the  high sugar  c o n t e n t  may e a s i l y  lead to  

the  browning of  guava p r o d u c t s .

The m i ne r a l  c o n t e n t  of  guava i s  im po r t an t  in t h a t  

the  main m i n e r a l s  a r e :  p o t ass ium ,  phospha te ,  c a l c i u m ,  

sodium,  which a re  e s s e n t i a l  m i n e r a l s  f o r  the  body 

req u i rements .

The s t u d y  of  o r g a n i c  a c i d s ,  s u g a r s ,  and m ine ra l  

c o n t e n t  w i l l  remain of  impor t ance  as th ey  have an 

impor t an t  f u n c t i o n  in the  p l a n t  me t abo l i sm,  and a l s o  

c o n t r i b u t e  im por t an t  p r o p e r t i e s  to the  guava p r o d u c t s ,  

be ing  m os t l y  p rominent  in f l a v o u r ,  p r o c e s s i n g ,  

p r e s e r v a t i o n  and n u t r i t i o n a l  v a l u e s .

S i n c e  guava grow we l I  on land co n s i d e r e d  marg ina l  

f o r  o t h e r  c r o p s ,  t h e r e  a re  many a r e a s  in Kenya where i t  

would be f e a s i b l e  and p r o f i t a b l e  to  grow the  f r u i t  as 

c u l t i v a t e d  o r c h a r d  c r o p .  Of the  t h r e e  guava v a r i e t i e s  

i t  i s  recommended to  c u l t i v a t e  on l y  p ink  and Hawa i i n  

h y b r i d  f o r  p r o c e s s i n g  pu rpo ses .
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From the above r e s u l t s ,  i t  can be seen t h a t ,  

as the  p o p u l a r i t y  of  guava f r u i t  expands he’re  and 

ab ro ad ,  i t  becomes i n c r e a s i n g l y  im por t an t  to  have a 

compreh en s i ve  knowledge of t he  guava c h e m i s t r y .

♦
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6. SUMMARY

Three varie ties  Patnangola, Marherber and Hawaiin hybrid 

of guavas grown in Kenya were used for analysis.

The enzymatic method of ju ice  preparation was preferred as 

i t  was re la t iv e ly  cheaper and quicker. The y ie ld  was not of in ­

terest in the ju ice  preparation, and therefore was not calculated.

The a c id ity  expressed as pH for the guava ju ice  was 3.6.

The highest content of t itra tab le  ac id ity  of 1.49% was of the 

ju ice  obtained from Hawaiin hybrid, followed by the ju ice  of 

the pink guava and the white guava.

White guava had the highest v o la t ile  acid content of 

60 mg/100 ml, followed by pink guava with 34 mg/100 ml, and 

la s t ly  the Hawaiin hybrid with 24 mg/100 ml. Since very few 

reports are availab le on the vo la t ile  compounds of guava, i t  

would be interesting and desirable to investigate the guava f l a ­

vour.

Ascorbic acid varied from 120 mg/100 ml - 260 mg/100 ml in 

the f ru it .  White guava had the highest ascorbic acid content. 

Comparison between peel and pulp showed that the peel had a 

higher ascorbic acid content than the pulp. On comparing un­

ripe and ripe guava, the results showed both the unripe peel 

and pulp to have a higher ascorbic acid content than the ripe 

peel and pulp.
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Although other workers have reported the p resent of la c tic  

acid in guava, the acid was not found to be present in Kenya 

guavas.

Tartaric  acid was present in appreciable amount, white 

guava ju ice  contained 329 mg/100 ml, Hawaiin hybrid ju ice  

310 mg/100 ml and pink guava contained 201 mg/100 ml. Tartaric 

acid is considered characteris tic  of grapes, and is  only present 

in small quantities in other fru its .

C it r ic  acid was confirmed to be the major non-volatile 

organic acid and present in the highest quantity. The amount 

varied between 805 mg/100 ml - 440 mg/100 ml in the three va r ie ­

t ie s  analysed.

Calculation of the total sugar content, showed white guava 

ju ice  had 4.38 gm/100 ml after inversion. The pink guava ju ice  

2.80 gm/100 ml and the Hawaiin hybrid 3.60 gm/100 ml.

The reducing sugar content of guava ju ice  samples showed 

that white guava contained 2.69 gm/100 ml, pink guava had 1.97 

gm/100 ml and Hawaiin hybrid 2.16 gm/100 ml. White guava had 

the highest reducing sugar and total sugar content.

Sucrose content calculated from the total sugar contributed 

33 to 42% of the total sugar in the three varie ties  analysed.

The soluble solids or sugars measured in °B r ix  were bet­

ween 9 - 1 4  °B r ix  for the guava varie ties  analysed.



The mineral content averaged between 0.38 gm/l.QO ml to 

0.6 gm/100 ml. The values depend more or less on the type of
V

soil and the clim atic condition to which the plant has been

exposed.
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