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Analysis of fruit flavor and quality variation of Luli apple from different
regions
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Abstract: [Objective] Apple planting area is widely distributed in China, involving 25 provinces. Af-
fected by soil characteristics, altitude and climate, fruit quality indexes such as weight, color and sugars
and acids differ in different growing areas, which lead to the flavor differences between producing ar-
eas. Fruit flavor is the internal quality of fruit, which is related to taste sense and olfactory sense. Taste
perception is based on sweet and sour tastes, while olfactory sense is the smell of a mix of large number
of volatile aromatic substances in the fruit. There have been few reports on the performance of new vari-
eties in different producing areas, and there is a lack of objective and scientific evaluation system of
fruit flavor. In this study, sugars, acids and aroma components of Luli apple fruit from 17 regions were
determined, and the difference in fruit quality of the new variety in different regions was clarified. The
study provides technical support for the promotion and application of the new variety. [Methods]Fruit
samples were collected from 12 regions in Shandong province and 5 in other provinces. During the rip-
ening period of Luli apples in each region, 50 apple fruit were randomly selected from representative or-
chards. The quality indexes, such as single fruit weight, shape index, soluble solid content, titratable ac-

id content, soluble sugar content, and sugar to acid ratio, were determined. High performance liquid
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chromatography (HPLC) was used to determine sugars and acids, and the aroma components of fruit
were determined by headspace solid phase extraction (HS-SPME) and gas chromatography-mass spec-
trometry (GC-MS). The data were statistically analyzed with SPSS.19.0, and Origin 2018 was used for
heat map. [Results] The average single fruit weight in each region was 196.71 g. The fruit shape index
in different regions had little difference, ranging from 0.83 to 0.99. The variation coefficient of fruit
shape index was only 4.53%. Fruit hardness of fruit from Aksu, Guangrao and Pingdu was higher than
10.00 kg cm™. Aksu had the highest value in soluble solids, soluble sugars and titratable acids. The con-
tents of soluble solids and soluble sugars in fruit from Taian and Yanggu were low, but titratable acid
content was high. Sugar to acid ratio was the highest in fruit from Mengyin (67.46) and the lowest in
those from Tai 'an (12.61). Among the sugar components in fruit, fructose was the highest, and its con-
tent ranged from 30.94 to 55.08 mg - g''. Glucose content was the second highest, with an average of
18.05 mg - g"'. Sucrose content in fruit varied greatly and was highest in Mengyin (22.84 mg - g'), which
was 6.78 times that of the fruit from Tai’ an, which was the lowest. The content of sorbitol in fruit in all
regions was low, and the average content was 4.64 mg - g"'. Malic acid was the main organic acid in ap-
ple fruit, and its content was the highest among organic acids, with an average value of 2547.81 pg- g,
followed by tartaric acid content, ranging from 321.58 to 564.11 mg - g"'. Fruit from Aksu and Guangrao
had a higher tartaric acid content than the other areas. The average contents of oxalic acid, citric acid
and succinic acid were 138.01 pug-g', 107.09 pug-g"' and 85.57 ug- g, respectively. A total of 65 aroma
components were detected from fruit samples from the 17 regions, including 31 esters, 22 alcohols, 6 al-
dehydes, 2 terpenes and 4 other aroma components. Fruit from Tai 'an had the most abundant aroma
components, with 41 aroma components detected, followed by Guangrao with 38 components. Fruit
from Jieshou was least in aroma abundance with only 17 detected. There were 13 common aroma com-
ponents in Luli fruit from the 17 regions. The main aroma components in samples from Jieshou and
Yanggu were aldehydes and alcohols, accounting for 48.49% and 37.01% of the total aroma compo-
nents, respectively. Esters were the main volatile substances in Luli fruit from the other 15 regions, ac-
counting for more than 48% of the total aroma. The typical correlation analysis of fruit aroma compo-
nents and sugar and acid contents showed that glucose, citric acid, succinic acid and sucrose were close-
ly related to the aroma, while fructose and malic acid had limited effects on the aroma. [Conclusion]
The fruit appearance quality, sugar, acid, aroma and other flavor quality indexes of Luli apple from dif-
ferent regions were compared and analyzed. The single fruit weight was the largest in fruit from Peng-
lai. The hardness and soluble solids content of Luli apple were higher than those of mid-early maturing
apples in the Chinese national standard {Fresh apple). Fructose was higher in fruit from Huangsanjiao,
Wanrong, and Guangrao. Fruit from Aksu, Pingdu and Huangsanjiao contained higher malic acid. Luli
apple was rich in aroma substances, with a total of 65 species were detected. This paper preliminarily re-
ported the quality performance of Luli apple in different regions of our country, which has certain refer-
ence significance for determining suitable areas for production of Luli apple in our country.
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Table 1 Sample collection site and sampling time

Gig ML SRR JH] Gis ML KL 1]

Number Origin Picking date Number Origin Picking date

1 Lraazhi 2022-08-20 10 IR T 2022-08-08
Tai’an County, Liaoning Province Pingdu City, Shandong Province

2 R4 e T 2022-08-04 11 IR E Y7 IX 2022-08-03
Gaomi City, Shandong Province Fangzi District, Shandong Province

3 HERRAE TR 9 X BT S5 1 2022:08-10 || 12 147 B R X 2022-08-06
Aksu City, Xinjiang Jimo District, Shandong Province

4 INAREEHRX 2022-08-10 13 P IR E 2022-08-02
Penglai District, Shandong Province Wanrong County, Shanxi Province

5 IR =X 2022-08-05 14 1R A8 B = A CROR = A A B BRI RTE XD 2022-08-02
Shanting City, Shandong Province Huangsanjiao, Shandong Province

6 AR e 2022-08-07 15 LA E T 2022-07-23
Guangrao City, Shandong Province Jieshou City , Anhui Province

7 IR EHAE 2022-08-08 16 b %z B 2022-08-12
Mengyin County, Shandong Province Gu’an County, Hebei Province

8 7R 48 IR TH 2022-08-03 17 IR A £ 2022-07-25
Laoling City, Shandong Province Yanggu County, Shandong Province

9 IAREHPX 2022-07-28
Chiping District, Shandong Province
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Table 2 Quality comparison of Luli apple fruits from 17 regions in China

N 26 L AT, iy AT [ o A R R .
gj@ ;Pirfleﬁfiit li%ruﬂ?t jLsEll‘lil)e }ﬁfuri firmness/ 3511){112 [il:if;qw) ;V(lﬂtjlﬁ PER) 1% ¥i(tjat:1ﬁbffjizi I*st@,? =

e mass/g index (kg-ecm™) content/% OIDIE SUBATTL  content/%
% Tai’an 177.14+£28.65 ef  0.97+0.05ab  8.12+0.88 de 12.11+£0.67 k 10.48+0.47 fg 0.3440.04 ab 30.93+4.39
% Gaomi 164.88+11.17 fg 0.89+0.04 cd  8.06 £0.87 de  13.87+1.10 hi 11.80+1.09 defg 0.18+0.05 ef 69.03+£19.43 abc
R e 75 Aksu 178.21427.75ef  0.86£0.04 ¢  10.03£0.94ab  20.24+0.91 a 16.74£1.09 a 0.39+0.08 a 44.5049.21 cdef
%3¢ Penglai 260.87+18.56a  0.89+0.05cd  8.48+0.70 d 14.60+1.19 gh 11.61+0.57 efg 0.29+0.03 abecd ~ 39.72+3.06 def
11152 Shanting 148.81£15.39 g 0.96+0.05ab  8.74+0.89 cd 15.11+0.85 fg 13.52+0.63 bedef  0.17+0.03 81.64+17.22 a
J 7% Guangrao  193.49+23.20 cde 0.96+0.05ab  10.39+0.77 a 16.23+0.90 de 13.68+0.87 bede 0.2840.04 abcde  49.15+9.52 bedef
2201 Mengyin  228.66+29.44b  0.93+0.05abc 7.7120.73 ef  13.560.52 ij 11.24+0.82 efg 0.17+0.04 ef 66.77+10.36 abed
' F% Laoling 230.77£19.49b  0.92+0.05bc  9.65+0.92 ab 15.62+0.72 ef 12.42+2.25 bedefg  0.34+0.05 ab 36.70+3.95 ef
#F Chiping 177.29£16.58 ef  0.83+0.05de  7.01+0.69 f 12.4440.67 k 10.94+2.46 efg 0.17+0.06 68.54+20.05 abc
“FJ¥ Pingdu 162.69+18.47 fg 0.91+0.07 bc  10.42+0.65 a 15.66+0.42 ef 14.87+2.61 acdb 0.26+0.06 bedef  60.21£25.65 abede
Yi¥ Fangzi 185.57£17.29 de  0.91+0.07 bc  8.09+0.76 de 14.89+1.08 fg 13.68+0.39 bede 0.25+0.08 bedef  58.37+20.98 abede
R 5% Jimo 198.25£15.49 ¢cd  0.95+0.05 abc  7.61+0.70 ef  15.04+0.96 fg 13.43+£0.90 bedef  0.18+0.01 ef 75.55+1.72 ab
Ji % Wanrong 178.15+16.05 ef  0.93+0.05 abc  9.88+0.99ab  17.70+0.81 b 15.32+3.24 ab 0.2240.02 cdef ~ 72.10£19.36 abc
= 236.91+£22.90b  0.94+0.07 abc  9.35+0.49 be 17.34+1.78 be 15.41+1.26 ab 0.2140.04 def 76.23+13.39 ab
Huangsanjiao
FL 8 Jieshou 226.20+25.88 b  0.99+0.05 a 8.80+0.47cd  15.18+0.74 fg 12.08+2.25 cdefg  0.24+0.10 bedef  55.54+19.60 abede
&2 Gu’an 209.85+13.89 ¢ 0.95+0.07 abc  9.54+0.86 b 16.62+0.88 cd 14.99+1.47 abc 0.20+0.06 def 79.33+15.06 a
PH# Yanggu 187.14+19.38 de  0.88+0.06 cd  7.43+0.60 ef 12.76+0.83 jk 10.22+1.09 g 0.3240.09 abc 33.62+8.38 ef
“FHI{E Average  196.71 0.92 8.77 15.23 13.19 0.25 58.70
NGIP 36.06 0.04 1.29 2.00 2.43 0.08 20.54
Standard deviation
B R CVI% 1833 453 14.71 13.11 18.40 33.52 34.99

W ANFENG FREROR 22 I R 2K (p<0.05) . R

Note: Different small letters indicate significant difference (p<<0.05). The same below.
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Table 3 Variation of sugar and acid components in Luli apple fruits from 17 regions

= ES i 4 B HEbE T SRR R WA TR R BRHR
Origin Fructose/ Glucose/ Sucrose/ Sorbitol/ Malic acid/ Oxalic acid/  Tartaric acid/ Citric acid/ Succinic acid/
g (mg-g"h  (mg-gh)  (mg-gh (mggH (ng-g" (ng-g"h (ng-g" (pg-gh (ng-g"

S 37.61+ 12.68+ 3.37+ 0.51+ 192241+ 108.28+ 325.07+ 81.37+ 73.95+
Tai’an 321g 116 f 026g 0.05 i 145.23 fgh 7.62 gh 17.64 ¢ 3.92 ef 2.53 cdef
[ 4517+ 23.66+ 8.61= 4.54+ 1.835.24+ 119.89+ 53891+ 127.04+ 89.12+
Gaomi 3.50 cde 245b 0.26 ef 0.87 de 110.51 gh 12.61 fg 18.51b 11.10 cd 536¢
R 5 75 52.05+ 27.23+ 3.74+ 16.53+ 3 626.60+ 149.19+ 564.11= 139.66+ 69.19+
Aksu 1.54 ab 311a 022g 1.04a 211.56 a 22.23 cde 30.84 a 7.16 be 6.20 ef
K 38.82+ 16.61+ 8.72+ 1.82+ 2512.48+ 120.41+ 402.29+ 129.55+ 63.88+
Penglai 1.70 fg 1.25 de 0.46 ef 0.54 hi 137.00 be 7.89 fg 15.66 d 28.65 cd 410f
1= 4546+ 17.87+ 13.58+ 3.28+ 1728.55+ 83.95+ 451.20+ 71.49+ 72.30+
Shanting 2.63 cde 0.93d 0.47 cd 0.43 efgh 121.84 h 3.161 32.13 ¢ 15.93 fg 1.78 cdef
T g% 53.84+ 18.22+ 8.78+ 4.09+ 222237+ 166.50+ 562.03+ 58.54+ 122.38+
Guangrao 1.04 ab 1.38d 0.88 ef 0.65 defg 101.68 de 10.67 be 21.89a 391¢g 10.06 b
e 42,61+ 13.96+ 2284+ 1.65+ 2795.74+ 181.17+ 42932+ 131.97+ 83.50+
mengyin 1.01 efg 0.76 f 1.83a 0.55 hi 80.94b 11.74 ab 12.44 cd 11.07 cd 7.55 cde
N 43.46+ 16.79+ 9.23+ 7.25+ 2727.82+ 12631+ 466.40+ 80.64+ 32.66+
Laoling 1.72 def 0.73 de 0.80 ef 0.77b 257.53b 8.20 efg 10.28 ¢ 6.43 ef 272g
{EF 30.94+ 8.15+ 7.49+ 1.70+ 203234+ 145.63+ 321.58+ 92.02+ 87.05+
Chiping 3.57h 0.87¢g 0.55f 0.79 hi 138.38 efg 7.71 cde 7.66 ¢ 533¢ 10.52 ¢d
PR 51.74+ 18.89+ 19.85+ 6.88+ 3 579.45+ 157.83+ 516.04+ 88.84+ 67.52+
Pingdu 0.80 ab 0.66 d 401b 0.78 be 89.01 a 6.23 cd 12.60 b 10.83 ef 2.66 ef
Yi+ 48.43+ 16.73+ 14.73+ 2.62+ 2764.43+ 151.63+ 426.29+ 128.36+ 112.50+
Fangzi 2.15 bed 1.26 def 0.72¢ 0.87 gh 15129 b 10.33 cd 47.04 cd 9.10 cd 7.07b
RS 49.09+ 17.96+ 15.00+ 2.74+ 2383.18+ 140.72+ 460.88+ 71.32+ 72.96+
Jimo 2.45 bed 0.91d 093¢ 0.19 fgh 291.39 cd 9.02 def 28.73 ¢ 19.77 fg 3.06 cdef
Jiok 52.64+ 19.50+ 1331+ 436+ 2 540.23+ 97.31+ 464.56+ 82.95+ 40.71+
Wanrong 0.51 ab 0.54 c¢d 0.64 cd 0.80 def 131.39 be 8711 949 ¢ 2.63 ef 751g
=AM 55.08+ 21.91+ 4.11+ 8.33+ 3765.18+ 180.96+ 516.61% 151.92+ 64.10+
Huangsanjiao ~ 3.57 a 1.24 be 0.62¢g 1.16b 90.71 a 5.02 ab 8.41b 10.80 b 289 f
Ve 43.40+ 17.06+ 11.09+ 5.63+ 2171.64+ 200.85+ 429.96+ 120.32+ 73.74+
Jieshou 1.35 def 0.37d 0.57 de 0.29 cd 338.74 def 10.84 a 15.95 ¢d 445d 6.29 cdef
[i4] 22 44 .84+ 17.70+ 11.87+ 4.26+ 1972.03+ 57.90+ 549.44+ 83.74+ 7131+
Gu’an 3.85 cde 1.06d 1.09d 0.40 def 51.50 efgh 245 ] 33.18 ab 7.67 ef 4.45 def
[HEES 49.70+ 21.95+ 8.65+ 2.74+ 273314+ 157.72+ 542.12+ 180.76+ 257.76%
Yanggu 3.31 bed 0.87 be 0.40 ef 0.76 fgh 11321b 14.86 cd 22.89 ab 21.03a 17.32a
¥ 46.17+ 18.05+ 10.88+ 4.64+ 254781+ 138.01+ 468.64+ 107.09+ 85.57+
Average 6.24 4.19 5.18 3.63 610.13 36.20 73.21 33.08 47.83

800 Of53% Esters  OFE3 Alcohol O35 Aldehyde D555 Terpene type @It Others
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Fig.1 Aroma components and content of Luli apple fruits in different regions of China
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Fig. 3 Canonical correlation analysis between fruit sugar acid and aroma
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