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Effects of thermal processing combined with adding ascorbic acid on the

quality of sour watermelon juice

LU Zhenzhen, LU Xugiang, LIU Hui, ZHANG Chunling, CHEN Dalei, YANG Wenbo, ZHANG Qiang,
JIAO Zhonggao’

(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] Watermelon is one of the most popular fruits in summer because it has an exotic
flavor and is a nutrient-rich fruit, with abundant lycopene, carotene, sugars, vitamins, minerals, amino
acids, et al. Watermelon juice is one of important products of watermelon. However, watermelon is a
heat-sensitive fruit, heating and sterilization could lead to browning, precipitation and strong “cooked
taste” of the watermelon juice, and seriously affect the sensory quality. The research on quality control
technology of watermelon juice before and after hot processing is particularly important for the produc-
tion of watermelon juice. A series of sour watermelon varieties have been bred by Zhengzhou Fruit Re-
search Institute, Chinese Academy of Agricultural Sciences. There has been little research on the process-
ing of sour watermelon. It is necessary to investigate the adaptability and thermal processing technology
of watermelon juices from different varieties of sour watermelon. [Methods]In this study, 6 varieties of
sour watermelon were used as raw materials to make juice The selected sour watermelon juices were
treated with thermal processing and ascorbic acid. The color, sensory quality and flavor substances of
watermelon juices before and after thermal processing were analyzed. [Results]From the perspective of

sensory evaluation, the quality of the fresh processed and hot processed watermelon juice made by SW-
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20, SW-27 and SW-14 were excellent. The sensory quality of the yellow flesh watermelon juice was bet-
ter than that of the red watermelon juice. The brightness L', color saturation C" and hue angle % of 2 col-
or watermelon juice decreased or significantly decreased (p < 0.05) after thermal processing. The b*, C’
and / of watermelon juice added with ascorbic acid (Vc) were significantly higher than those without Vc
(p <0.05) before and after heat treatment. The addition of V¢ contributed to maintaining the color of the
red fresh processed watermelon juice and the hot processed watermelon juice. The color, form, taste,
odor and sensory total scores of the hot processing watermelon juice added with V¢ were significantly
higher than those without V¢ (p < 0.05). The flavor substances of the watermelon juices of two color vari-
eties SW-14 and SW-20 were identified by headspace solid phase micro-extraction and gas chromatogra-
phy-mass spectrometry technology. 47 flavor compounds of the watermelon juice were identified before
and after hot processing. The types and contents of alcohols and aldehydes were the highest. Among
them, 2, 6-nonenol, 3-nonenol, 6-nonenal and 2, 6-nonenal were the main components. The thermal pro-
cessing and the addition of V¢ had great influence on the types and contents of watermelon juice flavor
substances. There were 41 kinds of flavor substances in the juice of SW-14 without treatment of V¢ and
30 kinds of flavor substances in the juice of SW-14 with Vc treatment, and after hot processing, there
were 46 kinds and 40 kinds of flavor substances in the above two juices. The flavor substances in the
four kinds of watermelon juices of SW-20 were 34, 30, 39 and 31, respectively. This indicated that hot
processing increased the variety of flavor substances in the watermelon juice, while adding Ve reduced
the variety of flavor substances in the watermelon juice. The proportion of furans and 6-nonenal leading
to bad odor in the watermelon juice increased after hot processing, while the proportion of 2, 6-nona-
dienol and 3-nonenol leading to sweet cucumber odor decreased. The proportion of furans and 6-none-
nal leading to bad smell in the watermelon juice with V¢ treatment decreased, while the proportion of 2,
6-nonadienol and 3-nonenol increased. [Conclusion]The watermelon varieties SW-20 and SW-14 were
suitable for making juice. Thermal processing and adding V¢ had great influence on the quality and fla-
vor of the watermelon juice. Adding V¢ could help to maintain the color of watermelon juice, reduce the
cooking odor of the watermelon juice after hot processing, and improve the sensory quality. This study
would provide theoretical basis and technical reference for the processing of watermelon juice.

Key words: Sour watermelon; Watermelon juice; Thermal processing; Ascorbic acid; Color; Flavor
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W, VR B G IO W FE 2 11.5%, TR0 1 %0 2 R, 3805
2 min, ¥ H BN FIEVORBI 5 70 745 8 P VG TV
(Fresh watermelon juice, FWI) < ¥8 I Ve 8 14 78 JINV T
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Table 1 Sensory evaluation criteria of watermelon juice

B 4% Index PN b7 Evaluation criterion 15318 Score

4% Color PRTCHUAH T , (570 Color bright, similar to flesh 14~20
L F R Color bright 7~13
SR Color dim 0~6

JEA Form VEMINE], To 4y 2, TULHE » TEA2R Turbidity uniform, no stratification, no precipitation, no impurities 14~20
VEMIYE], A 42 B UTHE A 4% 0T Turbidity uniform, slightly stratified, a little of precipitation and impurities 7~13
VERANI 5], 43 )2 B PUPE AN 2% i Turbidity non-uniform, stratified, lots of precipitation and impurities 0~6

Wik Taste PR3 B, A7 R IR R AR P TN, 5 R T, T i 20~30
Sweet and sour suitable, strong natural watermelon taste, cool and refreshing, taste coordination
PR A 1, A RIATE IR 3 i 38 1, R A P 10~19
Sweet and sour basically palatable, natural watermelon taste, cool and refreshing, taste coordination
BREIANIE 11, TR AR PG JIVBA , B8 i, AN Blp i 0~9
Sour and sweet not palatable, no natural watermelon taste, strong sense of viscosity, taste not harmonious

XU Odor R ZE HH , JE 3 2k , T 74 Prominent flavor, no cooked taste, no peculiar smell 20~30
IR EE IS H S A 55 28 Ak, SR AN B f2: Prominent flavor, no cooked taste, no peculiar smell 10~19
SUIRANTE H , 7 2k 2, SR B 2 Flavor not prominent, cooked taste heavy, peculiar smell obvious 0~9

1.3 HUERHR
¥ H Microsoft Office Excel 2007 1 SPSS 20.0
A B AT T o AT S22 1 43 B >R H Duncan

2 HiIR50H

2.1 A[EmmPEE R A ICE T

W 2 fraw, FL Ik B 6 A d Bl R o 75 I, o 4
AL, 24 R . AT PERE TR
Ja RN 7.2%~8.87%, B R 7 85 0.92~2.35 g-kg ',
pH 7E 4.75~5.54 2 [f] o & IR SE 3 R (R 511K
g CHERR PR BRI 73 38 48— B e, Rl 7 R 2
ARV 43 BT AR AN [R] 1 55 L (X 45 DR 2R T s, [
AR EAN A, 5K 212 L pH=5.6 A %] 43 #5 #E , Danin-
Poleg %% LA pH=5.4 K| 73 bR, A3 ) 6 A4~ 78 I
an A pH 3/ F 5.6, LLSK AL dn ik X 4y, JB T iR
PR o W3R 3 o, 6 A it MR R 78 JICEE MV B B 3T

@%(W,

W AR HEF N : SW-20 >SW-27 >SW-14 >SW-
4 >SW-5> SW-12, # i T8 B PPN 18 2 HE )7
N : SW-20>SW-27 >SW-14 >SW-5 >SW-12 >
SW-4. MERE PPN KE , 20 87 K f Ff (SW-20.
SW-27) i 5 #0176 JIR v+ S5 HE 44 FE T, A T 4030
A P R ) RO S S 41 BT Iy 3 3 0 B
AR I T A i T, B PR R, TS
B I T . SW-14 20 BV 5 0 Ty
JRVHARE T HAR LB A, DR SW-20SW-14 4371 N
LIS EN= 0 M NIOE=e I ALEA R ALY s
22 BIMIEERMVeHITBFHS

FH R 4 T AT, 55 8 P JICH AR B, R 225 #
T SW-14 BRI HI L' C  h ¥ N PR EE 2% %
(p < 0.05), KU HN Ve [ #N T SW-20 2 7t I
L'b'\C\h & FH(p < 0.05), #WHHAM TAIX=
PRI B AR S L R B R B AR . B
PO A, 8 Ve 19 SW-14 20 6 T LB Z KT
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Table 2 Basic indexes of different varieties of sour watermelon

M Variety # €4 Flesh color wCRIE MG TE4)) Soluble solid content/% — w(EAR) Total acid content/(g-kg')  pH

SW-4 4L Pink 8.27+0.06 b 1.23+0.02 ¢ 4.86+0.01 ¢
SW-5 KP4 £5 Pink 7.800.00 ¢ 2.3540.05 a 4.75£0.00 ¢
SW-12 K4 {4 Bright red 8.87+0.06 a 0.92+0.01 ¢ 5.19+0.01 b
SW-14 BE4L €4 Peach 7.20+0.00 e 1.48+0.04 b 4.75+0.01 ¢
SW-20 &3 5 Aurantium 7.57+0.06 d 1.02+0.02 d 5.54+0.01 a
SW-27 7% # {4 Pale yellow 6.33+0.06 f 1.50+0.01 b 4.78+0.00 d

T F—SIARNG PREOR Z R R (p < 0.05). FIE,

Note: The different small letters in the same column indicate significant difference at p << 0.05. The same below.

*3 TESMERRANEHRETMRESS

Table 3 Sensory evaluation and scores of different varieties of sour watermelon juice

145 P4 VT Fresh watermelon juice

AN TV )RVt Hot-processing watermelon juice

1
ED*FP ) /%lréj\ . ?%"%
Variety B 14 Sensory evaluation J&E PP/ Sensory evaluation
Score Score
SW-4  FEEN, RYAT )2 IREDE B, LUK, KRS, 76+ (UG, 02 WS, A UUNE, BRI ACE O, KRR e, 28+
PN 175 ¢ HPIKE 1.77 ¢
Bright color, slightly layered, sweet and sour suitable, Dim color, stratification obvious, precipitation, sweet and
taste coordination, prominent flavor, no peculiar smell sour basic palatable, flavor not prominent, cooked taste heavy
SW-5 G, R 532 IR , KRR, T 5k TA4+ GERER, S E U, AU, IR KRR, BRI 30+
Bright color, slightly layered, slightly acidic, prominent 1.75c¢ Dim color, stratification obvious, precipitation, slightly acid- 1.75 ¢
flavor, no peculiar smell ic, flavor not prominent, cooked taste heavy
SW-12 (i EE], A 702 i Sk AN ) 68+ R, )R W, AUTHE, BRI AT 1, MR ANGE Y, 29+
Bright color, slightly layered, sweet, peculiar smell not 1.77d X ZARE 1.77 ¢
obvious Dim color, stratification obvious, precipitation, sweet and
sour basic palatable, flavor not prominent, cooked taste heavy
SW-14 B FEEEH, Aoy 2, BRENE B, FURYME, KRS, 6 812 LR, 73 Z A0, A A DU, IRETEEAGE 1, B BRAY 38+
5Bk Bright color, not layered, sweet and sour suitable, 2.64b #% 1.64 b
taste coordination, prominent flavor, no peculiar smell Bright color, stratification obvious, a little precipitation,
sweet and sour basic palatable, cooked taste slightly
SW-20  faEENT, ANy 2, BRFRIDE B, FUSRHM, KRS, B 86+ (AREEEN], 73 )2 W0, A DUTE , IRFHEEAGE 1, B BRAl 47+
5Bk Bright color, not layered, sweet and sour suitable, 2.75a #% 1.25a
taste coordination, prominent flavor, no peculiar smell Bright color, stratification obvious, a little precipitation,
sweet and sour basic palatable, cooked taste slightly
SW-27 LR, AR R, CURYM I, KRR, BRIk 82+ BREEUEEEA, R R, R UUE , IRIR , A AR R 46+
Bright color, not layered, slightly acidic, taste coordina- 1.64b Bright color, stratification obvious, a little precipitation, 0.75a
tion, prominent flavor, no peculiar smell slightly acidic, cooked taste slightly
4 AMIHEENEE
Table 4 Color changes of watermelon juice before and after hot processing
i Fl Variety A3 Treatment L a b c h
SW-14 FWJ 17.96+0.04 e 4.60+0.04 d 5.28+0.02 f 7.00+0.01 e 48.89+0.42 g
FWJ-Vc 17.30+0.01 8.48+0.07 a 11.10+£0.04 a 13.974+0.05 a 52.60+0.21 e
HWIJ 17.22+0.05 f 5.80+0.21b 3.34+0.14 g 6.70+0.25 e 29.91+0.19 h
HWIJ-Vc 16.86+0.29 g 5.42+0.13 ¢ 6.82+0.21 d 8.71+£0.22d 51.50+0.69 f
SW-20 FWJ 20.60+0.11 b -2.23+0.10 g 8.90+0.13 ¢ 9.18+0.15 ¢ 84.10+0.46 a
FWIJ-Vc 19.33+0.15 ¢ -1.97+0.04 £ 9.00£0.25 ¢ 9.2240.25 ¢ 82.36+0.10 b
HWIJ 19.02+0.10d -0.49+0.08 ¢ 5.98+0.02 ¢ 6.00+0.02 75.71+1.01 ¢
HWIJ-Vc 22.05+0.22 a —2.41+0.08 g 10.73+0.14 b 11.00£0.16 b 82.65+0.25 b
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RIBIMVeHIL (p < 0.05),a" b C hiZEmp <
0.05) , R A VU NI )52 5 N B (HALE VB % R
TR 5 350 B SR T v, R RS A€, VR N Ve 7 BT
ZL AR Y IV S LR BE s T 0 Ve 1 SW-20 3 ¢4 75
JRI L' h 5B AR T RN Ve I L' h (p<<0.05) , 2
b'\CERREZE(p > 0.05, LEWIE R HZET
B, {E 35 B L RN B 22 S AN B R R Ve R A
B AT S, IS Ve 1) SW-14 £0 (4 75 )V L
aBFERTRBIMVIL va'(p <0.05),b".Ch i
F(p < 0.05), B ORI 8 T s, 2
8 i A8 21 €8 5 YN N Ve 1) SW-20 35 €8 75 VT L' b’
ChBEETREMVCHIL B .Ch(p <0.05),
LR VHRE RN T LR A T, BN Ve
A BT T T 0 6 R R R

2.3 HINTLEERM Ve AIGTHEE MRS

FH# 5 A %0, 8 Fh it SNy A s B s o HE 7 Ak i
N : SW-20 FWJ- Ve>SW-20 FWI>SW- 14 FWJ-
Ve>SW- 14FWJ>SW- 20 HWJ- Ve>SW- 14HWJ-
Ve>SW-20 HWJ>SW-14 HWJ, i 4 B e 1 7 S
TR R 25 SO , 3 T AN T I R R
HAR, NI Ve BIEFHETE IV GRS 70 B3 = TR
I Ve I, BRER B IE . #OIn T 5, RE N Ve i1
SW-14 2L 878 I B 19 70 i I, (L BRI 4L 6,
DUVE , BREHANIE 1, JE R AR JICRE, FHBAN P, 28 24
R H s NN Ve 1) SW-14 218174 JIL R SW-20 3 31
POV B 19 BIROK GG , B 5, VE I &), TR
I 1, A5 7O IO R 2 Al A AR, €358 T3 B IR
AR S A 3 B2 T RIS Ve B #in T I
(p < 0.05), VLAY 1N Ve A Bh T s #4015 vt R
THITEEE TS CRER RN, e LB S

x5 AMIATEAERTRRE @R

Table 5 Sensory quality of watermelon juice before and after hot processing

i Variety AbPE Treatment .35 Color JE45 Form Gk Taste Sk Odor 1.4 Total

SW-14 FWI 17.50+1.38 a 18.33+0.52 a 21.83+0.75 ¢ 28.00+0.63 a 85.67+1.75a
FWJ-Vc 17.83+1.17 a 18.00+0.63 ab 24.50£1.05 b 27.33+0.52 a 87.67+1.75 a
HWJ 5.33+0.52d 11.83+0.75d 7.67+1.03 £ 6.00£1.67 d 30.83+2.64 ¢
HWJ-Vc 11.86£1.07 b 16.71+1.11 b 13.86+1.07 de 12.71+1.38 b 55.14+1.77 ¢

SW-20 FWIJ 17.50+1.05a 18.33+0.82 a 24.33+1.75b 27.83+0.75 a 88.00+1.67 a
FWJ-Vc 17.33+1.21a 18.00+0.89 ab 26.33+1.37a 27.33+0.52 a 89.00+2.53 a
HWIJ 9.33+2.16 ¢ 13.33+£1.63 ¢ 12.50+£2.81 ¢ 9.67+0.82 ¢ 44.83+6.55d
HWJ-Vc 16.14+1.57 a 17.14+1.57 ab 15.57£1.27d 13.43£1.27b 62.29+3.04 b

2.4 HAIMITLEEHRMVe AT R R R
X N R S P I A UBRAL A AR 5 &
RS L 6. £ 7. SILLE 47 M RRAL &
W, AL S RIS S AR 6 RIS L 10 PSS 013 Fil
S S FPG 2 L4 Fhl 2 2 PPER IS A 2 Fh HoAl 1k &
s SW-14 75 JIUH i % 28 KR AL & WD AE 2 &2 55 )
7E 2.21%~11.19% + 0.78%~1.90% - 4.65%~20.83% «
61.59% ~84.08%  0.87% ~2.54% + 1.30% ~2.49% -
0.08%~2.27%#10.20%~1.71%2 [8] ; SW-20 7§ JINi T
& I IRIR AL, S W) AH X 55 & 43 7 LE 3.06%~15.29%
0.61%~1.57% + 19.62% ~49.41% + 33.17% ~65.72% «
0.36%~4.72%-0.91%~1.61%-0.13%~3.05%#110.12%~
3.92%2 (8] 24 S BTG IO AR SR AL S 0 L A
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