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Abstract 
Rough lernoo fruit-; are hig.hJy ac.idic and possess greater nulraceutical value S1udies were conducLcd to 

(()rmulaLc and <lSScSS ac<:c-pta.bility of squash of rough lemon .The varying juice: concentration 50. 40, 30. 20 & 10 per 
cent were used for preparing squcsh and stored al ambient tcm(X!rnturc (28 :t 3"C). Pc1iodicaJ observation were recorded 
at fresh (0). 3 and 6 month interval. Squash prepared with 40 per cent juice was found to be the best recipe with rcspt;et 
to organolcptic qualities viz, colour. flavour, taste and overall accept.ability till l 80 days of storage under ambient 
conditions. 
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Introduction 
Rough lem(ln (Citms jambhin' Lush.) is che nioSl 

commonly used citrtts rootstock belonging to the family 
Rutaceae. It is considered to be native to Assam state of 
India. It is considcr\;"d as a hybrid between the citron and 
the Jemon. with character traiL,;; similar to rangpur lime 
or 11w1ulariu ora,rge (Bhuyan e, al .. 1998). The fruits are 
yellow colored. rough skinned and generally used as a 
roo1Sh')Ck l�)I.' 01her citrus fruits. This is widely used 
roo1sc<>c.k for Kinnow m:lndarin crop and popular in 
Punjab, Rajasthan and Haryana belt of India. Amon,g 
various commercial citrus spc:cies, this is non-1raditionaJ 
due to high acidic nature and poor appearance. Hence. the 
fruits of this plants arc of negligible use inspite of its high 
yield potential (more than one quintal tree·'). This species 
of citms hardy enough and profuse in fruiting and could 
act as ao alternate source of income for the farmers. The 
fruits are perishahle in nature and are availahle during rhe 
winter mon1hs (Lndaoiya, 2008). 

Citrus fruits and their juices hnve vnrious health 
benefits owing to the presence of biottctivc and nutritive 
components. They are basicaUy free of fat. sodium and 
cholesterol. In addition they possess rich amounts of 
polassium. calcium. folate. thiamin. niacin. vitamin B6. 
phosphorus. magnesium and copper. They might also 
l'educe the l'i.sk of hean diseases and certain kinds of 
cancer. They are also known to help in reducing the risk 
for pregnant ladies 10 have chiJdren wilh neonatal 
diseaasi:s. Rough lemon fruit pn,cessing genc;n'IWS va1;ous 
byproducts with significant value. These by-produc1s are 
known to act as a rich sourct: of edible and health 
promoting agents as polymcthoxylated flavonoids. many 
of which were found exclusively in citrus pe.el 
(Hatamipour et al .. 2004). The rnugh lemon peel contain 
sugars. edible liber and many other compone11ts that offer 

exce1Jen1 opportunities as value-ndded proch1c1s, 
particularly those: componc:nlS lhat have bioJogic�I 
activitic;s (antioxidant. anti-cancer. cardio-protcctivc, and 
foocVdrug�interacdons) or other attributes that are useful 
in tht development of high-value food products from 
citms peel (\Vidmer and Montanari. 1994). Hence. the 
morphological characteristics. juice extraction of rough 
lemon and storage study of squash at room and 
refrigerated 1ernpera1ure were carried out. Hence, an 
aueu1pL was made: to su.,dy the nHJrphologiC-:ll 
characteristics. joicc extraction and standardize lhe 
procedure for pre-par:ltion of squash from the juice: of 
rough lemon harvested at fully mature stage. 

Material and .Methods 

Raw 1:ru1te.ial and Squash preparation 
·the fruits were procured from che research plots 

of !CAR-Central Institute for Arid Honic.ulture. Bikaner. 
Rajasthan. fully matured, uniformly developed fruits of 
rough lemon wete harve..•aed io the early motning hours 
using secateurs and transported to the Pos1han•est 
Laboratory for fur1her use. ln Lhc: laborawry, the fruits are 
washed thoroughly ,mder 1hc running tap waler 10 remove 
the adhering soil and dus1 par1iclcs. Lttlcr che frui1s arc 
peeled manually and juice is extracted from the sliced 
halves using citrus juice press. The juice was filtered and 
kept at ambient temperature for 24 hours for 
sedimentation. The supe.rnacant was siphoned out wichout 
disturbing the debris and used fol' the prcparaLion of 
squash. The protocol standardized for preparation or 
squash from the rough lemon f.n1i1s was .illus1ra1.ed here 
\Imler: 
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Fig 2: Rough lemon frujt bearing branch 

Physical anal,-·sis 
The fruit measure,ncnts viz. length, width. cavity 

r:'.ldius. 0:)vc:do th.itkne$s etc. we.re 1:-.ken with the hdp 
Vemier calipers. Weig.ht of the fruits was taken using a 
precision balance. ·the weight of the pulp and peel was 
recorded separately and expressed in g and pulp peel ratio 
wa$ detcrrn.ined ac.conlingly. 

--

Fig 3: Rough l�mon Squash 

Chemical analysis 
F-·reshly exrracted juice was used for analysis of

prox.imme composi1ion inili3lly. T1)1al soluble soi.Id� 
(TSS) was determined using digital refr::ic1ome1er nnd is 
expressed as " Brix. 1"itratable acidity (%) and ascorbic 
acid conLcn� of fresh juice was cs1ima1ed using lhc 
$1:tntlard procedure$ described by R::ing.a.noa ( 1986). 
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Sensory analysis 
Organoleptic evaluation was done for the 

developed rough lemon products by a semi-trained panel. 
For c:ath $en$0ry parameler, such Q$ colour & appearance, 
body or texture. flavour. rnste and overall acceptability. 
I 00 marks were allotted and lhc products were given to 
Lhe panelist in coded form (Auri et ct/., 1998). The: 
panelists washed their mouths with wa1e1· intermittently 
during evaluation of the samples. 

Results and Discussion 
The obervaccion regarding mo,phological and 

biochemical composition of lhe rough lemon fntils were 
depicted in Lhe Table l. The morphological p::.tramelers 
viz. average whole fruit weight ( J 48.6 g) avc:=rage fruit 
length (78.6 mm) and v.'ldth (66.4 mm). Were recorded the 
flave<l,, wcighl was observed 59.13 s with r, thickness or 
0.36 mm. The intemal fruit cavity radius was recorded 
1.96 mm. The pulp nnd peel conte111s accoonted for 34 
tmd 67 per Cent, n::,'ipec:tivdy whik the:. average pulp: ped 
rntio was observed 1.97. The a\•erage biochemical 
parameters were observed 9.5, 5.86 and 20.45 for total 
soluble solids ("B). lit1·atable acidity(%) and ;.\SC0l'bic acid 
(mg/JOOg), respectively (Table J). 

The $q1.u,she$ were p1:e.piwed from fresh juice
afcc.r diluting it in lieu of maimaining strong acidity of 
juice 1·it .. 50 % ("f1 ), 40 % (T,). 30% (l\l, 20% (T,)and 
JO % (T.\) as per s1andard methodolosy rnen1ioned in 
now chan(Figure l ), 11,e prepared squashes were 
cvalual�cl organiokptically by a panel of dght jugcles by 
following nine point hedonic scale (Amerin et al .• 1965). 
Serving ratio maimained I :3 for alJ the squashes. 

The squf'lsh was ston:d at room tempen,turc and 
Ille senSOI')' a.c.cep1at,ilily was checked :.ll theree month 
imevaJ vit. 0, 3"' and 6'" month during storage. The 
orgnaoleptic scores were depicted in the Hable$ 2. 3 and 5
at three mooth intervals. Among various u·carments. the 
scnosry acceptabili1y of che rough lemon squash prepared 
with 40 per cenl juice (T 2) ha$ nuaiocd greater score for 
all the sensol'y atcributes as well as the overall 
acceptability score followed by T 1 (50 per cent juice) and 
T, (30 per cent juice) (Table 2).

During storage at ambiem conditions, the sensory 
acceptability of tho rot1gh lemon squash has declined 
gr:.1du::ally with time irrespective of Lhe lre.alment imposed. 
However. among various coucenn·atious used. the squash 
prcpart:d using 40 p1;rccnt juic1; has scon:d rc.lativcly 
higher sensory scores compared 10 other trearnk.flts (Table. 
3 & 4). 

The gradual decline in lhc SCn$ory n11ribulc$ wilh 
scornge petiod was ck.al'ly illusu·ated io the l'adar chart 
(Fig. 4) where in the colour. n,wor and 1.a.stc decreased 
significanlly bul 1hc ()vcra11 nc-<:cprnbilily of the rough 
lemon squash remained relatively higher. Similar decline 
of sensory �1tribu11;s wi1h storage was also observed in 
Assam lemon squash (Siogh et ul .. 2015). Swee, orange 
squash (Syed e1 al .. 2012) and Lime (Laci et of .. 2013). 

Thu$, it can be c(rncludcd that, among $quashes 
prepal'ed from various juice conccinratioos of rough 
lemon juice, the squash prepared with 40 per cent juice 
has recorded higheSl $enso1·y score.<, and the rough lemon 
fruits has the greater potential for value additioo aod 
commercializ:ltion. 

Table I. Mol'pholt)gical and biochemical composilion of the rough lemoo fruits. 

S.No. Pllr-l:}mctcr.,:; Menn value(± SE) 
I P-ruil wei�ht (,:t) 148.6 ± 2.078 
2 Fruit len2th {mm) 78.6"' I.IOI 
3 Fruil wid�h (mm) 66.4 :t 1.744 
4 Flavedo wei2.ht (e) 59.13 • 1.607 
5 Flavedo Lhickness (mm) 0.36•0.023 
6 Cavilv radiu$ (m.m) l .96 "'0.060
7 Pomace weillht ('1) 20.14;; 1 . 136 
8 Peel weii!ht l%l 34 ,t 1.155 
9 Pulp wei)'.!:hc (%) 67 ± 1.000 
10 Pulp : Ped ralfr) 1.97 "'0.100 
11 TSS ( BJ 9.5"' 0.208 
12 Aciditv titrable (%) 5.86 "'0.226 
13 Ascotbic acid (m'i!/100 ml) 20.45 + l.134 

T bl 2 0 • C r).tano eottc sc-0rcs o f fr hi cs " [ I I hrcoarcc rou� 1 cmon smms 
1'rt:atment Squashes Sensorv evaluation of fresh ...-iuashes 

snecificn1ion Colour (9) Taste (9) flavour' (9) Owrall (9) 
T, .luicc 50% 8.5 8.5 8.0 8.3 
T, Juicc.40% 8.5 8.5 8.5 8.5 
1', Juice 30% 8.5 8.0 8.5 8.3 
T, Juice 20% 8.0 8.0 8.0 8.0 

Ts Juice JO% 8.0 7.5 7.5 7.7 
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Table 3. Onumole >tic scon:s ofrou1':h kmon snuash nftcr 3 month swni.i!i: 
'treatment Squashes Sensorv evaluation after 3 month of stora)te 

spccificntion Colour (9) Ta.<1e (9) Flavour (9) Overall (9) 
T, .Juice 50% 7.5 8.0 7.0 7.5 
·r

., Juice 40% 8.0 8.0 7.5 7.8 
T, Juice 30% 8.0 8.0 7 .5 7.8 
T, Juicl! 20% 8.0 8.0 7 .0 7.6 
T., Juiccl0% 8.0 7.5 7.5 7.6 

Thi 4 0 a e r�ano CDIIC $C(ll'C$ Q,1 mu h I emon sciuas , c:r h Ii 6 m()nt h $l<)l'8lite 

Treatment Squashes Scnsorv evaluation after 6 month of storae::e Total of overall 
$pt:cification Colour (9) Taste (9) Flavour (9) Overall (9) month of 

T, 
T, 

T, 
T, 
T, 

Juice 50%

Juice 40% 
Juicc30% 
JujCt! 20% 
Juice-JO% 

O\'ttall 
ac«ptablll�· 

6.5 

7.0 
7.0 
7.5 
7.5 

7.0 6.0 6.5 
7.0 6.5 7.5 
7.0 6.5 6.8 
7.0 6.0 6.8 
6.5 6.5 6.8 

SIOnl/?.C (27) 
22.3 
23.8 
22.9 
22.4 
22.1 

......... o,nonth 

_.,.._3monlh 

�- -6montb 

Fig 4: Radal' charc de.piecing che changes io se.nsory atttibutes of the best t1·eatmt:1lt (T2) over tl\� storage. cime. 
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