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Study of physicochemical and microbiological
changes in lemon juice concentrate under vacuum
at different temperatures

Abstract

This research aims to study the physicochemical and microbial changes in
concentrated lemon juice under vacuum at different temperatures using the rotary
evaporator and compare it with concentrated lemon juice by evaporation at
atmospheric pressure. the degradation of ascorbic acid was studied in lemon juice
samples during time and at different temperatures under vacuum and at evaporation at
atmospheric pressure , and the results showed that there were significant differences
(P<0.05) among the different temperatures, where the degradation of ascorbic acid
decreased with decreasing temperature, and the lowest value was recorded at 65°C.
Ascorbic acid retention percentage was 83.69%.While the percentage of ascorbic acid
in concentrated lemon juice significantly deteriorated by boiling, the retention
percentage was 11.5%.The antioxidant activity also increased with a decrease in
temperature, and it was found that the colour in the concentrated juice samples under
vacuum is closer to the natural juice in contrast to the concentrated juice samples by
boiling,and the acidity increased with the increase in temperature. Different
temperatures and the results showed that there was no growth of colonies in samples
of juice and concentrated product prepared by boiling method at regular atmospheric
pressure or prepared under vacuum due to the low value of PH

Keywords: lemon, ascorbic acid, concentrate under vacuum, colour, antioxidant
activity,VitaminC
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el el O e it Sl Cilags sie Gpadll e ilie 555 il (5)dsnd

LoaliaiaY) dagall Jsha é)béj\c‘hﬁ
0.23" £ 0.02 420 T-0
0.27°" £ 0.03 420 T-65
0.37° £ 0.02 420 T-67
0.57% £ 0.02 420 T-70
0.83F + 0.01 420 T-72
1.15° + 0.15 420 T-75
1.82° + 0,08 420 T-77
2.37° £ 0.02 420 T-80

SOAl pand) Ggl e Gl Goadll jras clie 1S5 ik (6)Jsaad

dualiaigy)

dasall Joha

phall da s
°C

2.65% £ 0.05

420

T-110

39l Ogadlll guas ciliad 48 dagand) o Ogailll guas S Sk il
Lmganl) (bl 23 Cun SO uael) il BN Lmgen) o S ik 586 (7) el cow
Lad by (i) Osalll Gmes sas Osedll B S Gaeall Gl e §the cliall 44
daiil) (ge Aol a5 (5.71 9/100MI)eliid) ames (ulid (Ao amhall Goalll jaas] 2SI diaganl)
diindl (mes (e @ligpiall (ggina Jgn agiuds 2 (Penniston et al,2008) el duasi
(4.8 9/100ml) cialy Cua dabiaal) 48U Jilae (A clifiud) (aals 5S35 aniiy ddaall 4 asailag
al G il Alaje g i) Ll lgie dalse e o BdS Aagaall (o pranll Grina daing
dsaall mag (2015¢Aaiey dnan) LI Lngea) (o juanll (ggine (il 5l jae sl as
el ) coldatll (goall Tl die Llally 5SG Aais Ligins leli)) Sleall Ainganll dad ¢ i) (8)
Gyl LS (@l 6l B dugamed) sl 35 ) el cld) A dilesd (10.30)mg/100m
80°C dsys xie (10.49) mg/100ml dadll ) Wilas) (gyina & Us)) gyl caad S0 Ao el
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mg/100ml sl Je adll cul€ Gua (77-75 )°Colis clays die digina (98 cllia (S5 4l
aill il Cua ((65-67) C Al claj die digies g cllia KA (10.55, 10.54)
On dasina (398 39ag Lansl LS ¢(7) Jsaad) 6 e 2 LS il 1e(10.82¢10.77 ) mg/100ml
Fad lS Cun el Cind il ueaally QLN Bapllly pumsall jaasl) b LISH diages)l ded
A3y gl Ciat pumaall jaasd) el Ge QUL daLIL U juasll & 08 digiaall (mgesl
A o Jaflay 5 dlee (8 daxdiaad) Hhall dapy (st of g g paall Hhall Glass gueal
o Caseall o3 sl Cus il B3sn (e (s 138y @) panll (B digaall Gagesl) e el

.(Poyrazoglu et al.,2002) \gilaiies 4SIsall Luwall laall e il

LIS Aingeal) o daide Bha oo vie gl ciad Gealll juac @lie 85 580 (7)dsasd)

(9 /100ml) 2Kl daganl) °C 5yl dayo
5.71° + 0.03 0
10.82* + 0.01 65
10.77*® + 0.01 67
10.725 + 0.02 70
10.66° + 0.02 72
10.55° + 0.02 75
10.54°F + 0.01 77
10.49% + 0.09 80

LIS dnganl) o dilide Bl o vie oyl it Ggadll juae clie 585 50 (8)dsaal
(g /100ml) 4N 4 gasl) °C sl day
10.307 + 0.02 110

70



Mol e 3 GGoba Gl 3 Agsid all 2022 ale6 aadl 44 Al ) dadly Ay

BOA Osalll jrae clie (B BausdU Saliaal) al) o RS ik L8l
32 Baliadl) Bl e ddlida e Gy vie Goalll juanl 3<H1 Sala 535 (9) Jsasd) cow
L) deasi ) daidll o dud & %53.1 anhll Ogalll juas] 5008 saliadl) 5)sdll dad cualy
e KGN dain 50O Baliad) 5l ded cain) ((%52.0) caly Cus (Marin et al,2002)
Jsaal) (& (e g LS gjialls 55S5al) il die 4l dad Jol CulS ¢(gyina JS8 Aaliia Bla Silaya
%63.7 )l (80 ,75, 70, 67)°C ghall cilays sic %65.5 iy Cus 65°C g daps xic (9)
ad o) (10) Jsaall sy Ollalls 550 il 3 W ¢ sl e (%53.6, %56.3, %59.3
fodll Ca3 e e anny B (2013cqadll) ae i 13 %50.1 @il 5auSS saliad) 5)4)
Alie Lmidie Hlha ilay o3 gl s S ddee o ) S o) (e @l sl uac
sl Gaeny gl Laslan Aladll GlSal) o ol das o Jailas by glaly 3K 0
G Ny ¢(Miller and Rice ,1997) 4,3 3 528U sliaall Lliaall e dlgiual) iliSya 23 Al
Ll oall el L A pdip gopil) it 550 ol deadidll slall dajs (mleasl 4 L

(50.13%) (10)dsand) mucass WS cualy 3 Llalls 5500

Baladll 5l e ddhas sl clayy vie gl @t sl juae cilie 3S5 86 (9)dsaal

5SS
DPPH% OC 5 ,allda
53.1% 0.1 T-0
65.58£0.15 T-65
63.7¢0.1 T-67
59.3P%+0.3 T-70
58.254£0.2 T-72
56.3F+0,2 T-75
55.06£0.1 T-77
53.6"+0.1 T-80
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523 5aliadl) 538l e GLlall gpalll juae cilie 35 Lk (10)Jsal

DPPH%

°C

3yl ds y

50.1'+0.05

T-110

1Aaa gl gag pSaall i LEAY)

Cua ddlide Bha clays die 36l Geadl) juac @lised Laaglon Saall @hlaal) @il (11)dsasd) G
Ailide Bl oy ve Gl juadll cliedy S5 Opalll juanl LyaCll JSH saatll i
sl Taaally Gl danplas 35aN prandl cilie 8 2383 olal) ga llin o o 4 il gl
Cngouel lsd A5 Cus liall pHI dad (mlinl el (s gpiil) ciat gl allail
Al il o LS (golall jlaall ddsi A aas ) s ¢ ol elaall g all lsall dias

Ol A€ dueSe e @t bl sl cilage Gt Gua dadall (LYl iy pH g 5)all

(2005c QLS éJLa)

ddlide Bl Glayy vie gl st Gl Oedll juae il LinglpanSaall @Y gl (11)Jsal

shaall alal) slaeil Ll o) ol el 5ylall Ay
°C

1.2 x10% "0 T-0

0 0 T-65

"0 "0 T-67

"0 "0 T-70

"0 "0 T-72

"0 "0 T-75

"0 0 T-77

0 0 T80

AL S5l palll ame lise] sl Sadll LAY il (12)dsand

oshdll aladl slasl) LSl aladl sl 8ylad) 4550
°C
A0 A0 T-110
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Conclusions and Recommendations ciluagilly cilabimay) :luals
Zah o il Goadll juac 55 A T et Auhl ode cuals
) A Bl ey alasiuly ol it S Ak eladl (gsadl daauall die Gulalls S5
135V Cls yially ibil)
Clyeniunall sad aiarg Lnslong jKuall Lalill o juaall e iy Ggadll juae 555 @
PHI dady Alaiall bl 5alal) L)) o dsasiall
I 528 Baliadl) 5yl e Jailay il cant €50 Auplay 354l Ggailll juae juzan e
65°C Bl days ie 4l dad Judl il Ll 55l d3lie Lagale
die 4y Ll A el col€ Gus C el (e dle A o gl s 3K Lilsy @

% 83.69 caly Cus 65°C 5y a0
) (gsall kil 3 Ll SS5 Ayh A3he i Gl e il cans S5 Lilsy @
ol (ggad) Taaall 3 Llally S Ak
Olua il
adde Tl ) chailly cpiaall DA goiil) it 35l Gaalll juac duh daia @
5l sl Huae ZY dabail (soaa duly o daxll @

@3l Lag s s die Gpall) jras S5 AulSa Al
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2alall

Aigl) A (Gl —daala gl il iall £3Y) el 2005 (b dena S8 1
Aaiia 468 s julls 4kl

Asyaally dajlall —adadl cogh Ll ALl Gatladlly Sl Sl 2013 ¢ s ¢ il L2
uygu cCanl daals ¢ piinale dagyhal. daiadlly

Maal) Blall = 8 gloll juas muieai clalae Ll 2015 ¢ W) dae ¢ Gile dues .3
Gilagall ¢ 3 el 31 alaall ¢ Lel)Hl askell e Zaals Aae (cVsually 48l s 520,830
167-176 .

dadla Glypiie —cplaill andl) Zadall sla¥) ae 2005 cdgene LS Ciyd 3aba 4
adia 242 A plly dilesll duigl 4S (Candd)

- ka o BJJ\...;J\ Q\L}L}.\]\ cu.uﬁla‘)la :\.c_)\_} MJ:\JA c‘;c\_))'ﬂ Ch\}[\j 2.;\_))'3\ 3_)\_}_5 .5
2009 lad sk sl & Gluaeal)

74



Mol e 3 GGoba Gl 3 Agsid all 2022 ale6 aadl 44 Al ) dadly Ay

10.

11.

12.

13.

AiaY) aalall
Abbasi,.A, Niakousari,.M, Electron. J. Environ.. Effects of L-Ascorbic Acid,
Bentonite and Gelatin on Clarification of Apple Concentrate and
Optimization with Desirability Function. Agric. Food Chem. 6-1735(2007)
1741
Adnan, A., Mushtag, M., and Islam, T. (2018). Chapter 12. Fruit Juice
Concentrates. Fruit Juices, Government College University, 217-240.
Albrigo LG.(1972). Distribution of stomata and epicuticular wax on oranges as

related to stem end rind breakdown and water loss. J Am Soc Hortic Sci 97:220—-
3

Al-Zubaidy, M. M., & Khalil, R. A. (2007). Kinetic and prediction studies of
ascorbic acid degradation in normal and concentrate local lemon juice during

storage. Food Chemistry, 101(1), 254-259

Al-Mutairi, S. K., and Al-Jasser, M. S. (2012). Effect of using rotary evaporator
on date dibs quality. Journal of American Science, 8(11), 587-594.

AOAC 17th edn, 2000,- Official method 942.15 Acidity (Titrable) of fruit
products read with A.O.A.C. official method 920. 149 Preparation of test sample.
AOAC. 2005. Offical methods of analysis. 18" Edition. Association of Official
Analytical Chemists, Washington, DC, Method 935.14 and 992.24

Artes-Hernandez, F, Rivera-Cabrera,F ,. Kader A.A, Postharvest Biol. Quality
retention and potential shelf-life of fresh-cut lemons as affected by cut type
and temperature. Technol. 43 (2007) 245-254.

Aturki Z., Brandi V., Sinibaldi M., Agric J.._Separation _of Flavanone-7-O-

glycoside Diastereomers and Analysis in Citrus Juices by Multidimensional
Liquid Chromatography Coupled with Mass Spectrometry Food Chem. 52
(2004) 5303-5308

Bazaria, B., and Kumar, P. (2016). Compositional Changes in Functional
Attributes of Vacuum Concentrated Beetroot Juice. Journal of Food
Processing and Preservation, 40(6), 1215-1222.

Behrens W.A., Madere R., Anal. Biochem. A highly sensitive high-performance
liguid chromatography method for the estimation of ascorbic and
dehydroascorbic acid in tissues, biological fluids, and foods 165 (1987) 102—
107.

Burdurlu H.S., Koca N., Karadeniz F., J. Degradation of vitamin C in citrus
juice concentrates during storage Food Eng. 74 (2006) 211-216.

Cemerog'lu, B., and Artik, N. (1990). The Effects of Heating and Storage
Conditions on Pomegranate (Punica granatum) Anthocyanins . Gida ,15(1),
13-19.

75


tel:2007
tel:101
tel:254-259

Adlida B ) e il ) e &l a3 pal) ¢ ganlll gmas B A gl g g sSaall g AaibiasS g3 5ud ) ) Al j0

14.Elhadad, A. S., Alwakdi, O. M., Abusheta, A., and Abdulsalam, F. (2013). Effect
of Vacuum Concentration on the Properties of Apricot and Peach Juices. In
3rd International Conference on Ecological, Environmental and Biological
Sciences, Hong Kong (China). 26-27.

15.Elik, A., Yanik, D. K., Maskan, M., and Go6giis, F. (2016). Influence of three
different concentration technigues on evaporation rate, color and phenolics
content of blueberry juice. Journal of food science and technology, 53(5), 2389-
2395.

16. Gil, M. ., Tomas-Barberan, F. A., Hess-Pierce, B., Holcroft, D. M., and Kader, A.
A. (2000). Antioxidant activity of pomegranate juice and its relationship with
phenolic _composition _and _processing. Journal of Agricultural and Food
chemistry, 48(10), 4581-4589.

17.Gonzlez-Molina, E., Domgnguez-Perles, R., Moreno, D. A., & Garca-Viguera,
C.(2010). Natural bioactive compounds of Citrus limon for food and health.
Journal of Pharmaceutical and Biomedical Analysis, 51(2), 327-345.

18.Huang, S.; Liu, X.; Xiong, B.; Qiu, X.; Sun, G.;Wang, X.; Zhang, X.; Dong,
Z.;Wang, Z. Variation in limonin and nomilin content in citrus fruits of eight
varieties determined by modified HPLC. Food Sci. Biotechnol. 2019, 28, 641-
647

19.Hui , Y. H . 2006.Horticultural and Quality Aspects of Citrus Fruits
In:Handbook of Fruits and Fruit Processing , Barta JF , Cano PR , (eds.),
Marcel Dekker, Inc., New York, pp.295.

20.1SO 4833:2003-Microbiology of food and animal feeding stuffs - Horizontal
method for the enumeration of microorganisms -Colony-count technique at 30 °C

21.1SO 7954:1987-Microbiology - General guidance for enumeration of yeasts and
moulds - Colony count technique at 25 °C

22.1S0 6887-1:1999 -Microbiology of food and animal feeding stuffs - Preparation
of test samples, initial suspension and decimal dilutions for microbiological
examination - Part 1.

23.Jiao, B., Cassano, A., and Drioli, E. (2004). Recent advances on_membrane
processes for the concentration of fruit juices: a review. Journal of food
engineering, 63(3), 303-324.

24.Jaju, N. S., Patel, S. S., Birwal, P., Deshmukh, G., Sukhdev, B. S., & Nema, P. K.
(2017). Effect of Vacuum Evaporation Concentration on Lycopene Content and
Rheological Properties of Watermelon Juice. Int. J. Pure App. Biosci, 5(3), 1018-
1024

25.MarIn F.R, M. Martinez, T. Uribesalgo, S. Castillo, M.J. Frutos. Changes in
nutraceutical composition of lemon juices according to different industrial
extraction systems. Food Chem. 78 (2002) 319-324.

76



tel:2017
tel:1018-1024
tel:1018-1024

Mol e 3 GGoba Gl 3 Agsid all 2022 ale6 aadl 44 Al ) dadly Ay

26. Mahmoud, M. H., Seleet, F. L., and Foda, M. I. (2017). Effect of different
concentration _techniques on__some properties of fresh and stored
pomegranate juice. Asian Journal of Scientific Research, 10(4), 290—298.

27.Maskan, M., (2006). Production of pomegranate (Punica granatum L.) juice
concentrate by various heating methods: Colour degradation and Kkinetics.
Journal of Food Engineering, 72(3), 218-224.

28.Marin, F. R., Martinez, M., Uribesalgo, T., Castillo, S., & Frutos, M. J. (2002).
Changes in nutraceutical composition of lemon juices according to different

industrial extraction systems. Food chemistry, 78(3), 319-324.

29. Miller, N. J., and Rice-Evans, C. A. (1997). The relative contributions of
ascorbic acid and phenolic_antioxidants to the total antioxidant activity of
orange and apple fruit juices and blackcurrant drink. Food Chemistry, 60(3),
331-337.

30.Monica Giusti, M., and Wrolstad, R. E. (2005). Characterization and
Measurement _of Anthocyanins by UV-visible Spectroscopy. Handbook of
Food Analytical Chemistry, 2(2), 19-31.

31.0zkan, G., Sagdic, O., Baydar, N. G., and Baydar, H. (2004). Note:
Antioxidant and antibacterial activities of Rosa damascena flower
extracts. Food Science and Technology International, 10(4), 277-281.

32.0zaki Y., Miyake M., Inaba N., Ayano S., Ifuku Y., Hasegawa S., Limonoid
glucosides of Satsuma mandarin (Citrus unshiu Marcov.) and its processing
products, ACS Symp. Ser. (2000) 107-119

33.Poyrazoglu, E., Gokmen, V., and Artik, N. (2002). Organic Acids and Phenolic
Compounds in_Pomegranates (Punica granatum L.) Grown in Turkey.
Journal of Food Composition and Analysis, 15(5), 567-575.

34.Penniston, K. L., Nakada, S. Y., Holmes, R. P., & Assimos, D. G. (2008).
Quantitative assessment of citric acid in lemon juice, lime juice, and

commercially-available fruit juice products. Journal of Endourology, 22(3), 567-
570.

35.Ranganna S, Govindarajan VS, Ramana KVR. 1983. Citrus fruits—varieties,
chemistry, technology, and quality evaluation. Part 1l. Chemistry,
technology, and guality evaluation. A. Chemistry. Crit Rev Food Sci Nutr
18:313-86.

36.Robards, K.; Antolovich, M. Analytical chemistry of fruit bioflavonoids. A
review. Analyst 1997, 122, 11-34.

37.Robertson, G. L., & Samaniego-Esguerra, C. M. (1990). Effect of soluble solids
and temperature on ascorbic acid degradation in lemon juice stored in glass
bottles. Journal of Food Quality, 13(5), 361-374.

77


tel:2002
tel:319-324
tel:2008
tel:567-570
tel:567-570

Adlida B ) e il ) e &l a3 pal) ¢ ganlll gmas B A gl g g sSaall g AaibiasS g3 5ud ) ) Al j0

38.Surin S, Thakeow P, Seesuriyachan P, Angeli S, Phimolsiripol Y (2014) Effect of
extraction and concentration processes on properties of longan _syrup. J Food
SciTechnol 51: 2062-2069

39.Ugan, F., Agcam, E., & Akyildiz, A. (2016). Bioactive compounds and quality
parameters of natural cloudy lemon juices. Journal of food science and
technology, 53(3), 1465-1474.

40.Vanamala J, L. Reddivari, K.S. Yoo, L.M. Pike, B.S. Patil, J. Food Compos. Anal.
19 (2006) 157-166..

41.Vanamala J, L. Reddivari, K.S. Yoo, L.M. Pike, B.S. Patil, J. Food Compos. Anal.
19 (2006) 157-166..

42.Yousefi, S., Emam-Djomeh, Z., Mousavi, S. M. A., and Askari, G. R. (2012).
Comparing the effects of microwave and conventional heating methods on
the evaporation rate and quality attributes of pomegranate (Punica
granatum L.) juice concentrate. Food and bioprocess technology, 5(4), 1328-
1339.

78



